NOAA Education Best Practices
[bookmark: _GoBack]Instructions: Provide best practices and ineffective practices for each of the eight objectives that are defined in the Federal Inventory of STEM Education Investments Survey.  Include what evidence exists to include each practice in the best and ineffective lists.   Please seek input as widely as possible from STEM education staff at your agency.  Agency responses will be used to develop a draft list of best and ineffective practices.  There will be opportunities for each agency to review and revise the draft list prior to the completion of the strategic plan.
	Type of Practice
	Describe Practice
	Evidence (cite research, expert opinion, personal experience) 

	
Learning: Develop STEM skills, practices, or knowledge of students or the public

	Best Practices
	Communications research shows that the quality and style of news reporting significantly influences readers’ / listeners’ understanding and perceptions about global warming  (Corbett and Durfee, 2004).
	Corbett, J.B. and J.L. Durfee. (2004).  Testing Public (Un)Certainty of Science: Media Representations of Global Warming.  Science Communication.  26, 2, pp. 129-151.

	Best Practices
	The sustained use of an effective, research-based instructional model can help students learn fundamental concepts in science and other domains.
	How People Learn: Brain, Mind, Experience, and School
(Bransford, Brown & Cocking, 2000) and its companion, How Students Learn: Science in the Classroom (Donovan & Bransford, 2005)

	Best Practices
	Research indicates that computer technology can help support learning and is especially useful in developing the higher-order skills of critical thinking, analysis, and scientific inquiry "by engaging students in authentic, complex tasks within collaborative learning contexts.
	Roschelle, Pea, Hoadley, Gordin & Means, 2000; Means, et. al., 1993

	Best Practices
	Laboratory experiences provide opportunities for students to interact directly with the material world (or with data drawn from the material world), using tools, data collection techniques, models, and theories of science.
	America’s Lab Report: Investigations in High School Sciences (2006) National Research Council

	Best Practices
	Research now offers solid evidence that children learn important content, perspectives, and vital“21st-century skills” from playing digital games.
	National Science Foundation. Fostering Learning in the Networked World: The Cyberlearning Opportunity and Challenge. Arlington, VA: National Science Foundation.

	Best Practices
	Design factors for educationally effective online simulations.
	Plass, Jan L. Homer, Bruce D. Hayward, Elizabeth O. “Design Factors for Educationally Effective Animations and Simulations”. Journal of Computing in Higher Education. Volume 21,
Number 1, April 2009. Pgs: 31-61.

	Best Practices
	By using technology to incorporate constructivist, student-centered teaching methods with traditional, teacher-centered teaching methods, students with visual, kinesthetic, verbal, or experiential learning preferences can be more easily reached.
	The Use of Technology to Reach the Various Learning Styles of Middle School History and Social Studies Students
Keith Dils, vol. 2, no. 3, November 1999

	Best Practices
	The effectiveness of online learning approaches appears quite broad across different content and learner types.
	Evaluation of Evidence-Based Practices in Online Learning U.S. Department of Education , Office of Planning, Evaluation, and Policy Development, 2009

	Best Practices
	Research demonstrates that high quality extended learning opportunities can improve a variety of student outcomes. Participation in high quality ELOs is linked to improvements in academic achievement, school attendance, student engagement, work-study habits, and social and emotional development.
	Miller, K. & Snow, D. (2004). Noteworthy perspectives: Out-of-school time programs for at-risk students. Aurora, CO: Mid-Continent Research for Education and Learning. See also, Mahoney, J.L., Lord, H. & Carryl, E. (2005).

	Best Practices
	Students can benefit from technology-enhanced collaborative learning methods and the interactive learning process.
	Perez-Prado and Thirunarayanan 2002; Cooper 2001; Smith, Ferguson and Caris 2001

	Best Practices
	Journalistic practice tends to distort climate science in the minds of non-scientists by fomenting the false impression that there is more uncertainty among scientists than there really is (Corbett and Durfee, 2004).
	Corbett, J.B. and J.L. Durfee. (2004).  Testing Public (Un)Certainty of Science: Media Representations of Global Warming.  Science Communication.  26, 2, pp. 129-151.


	Best Practices
	Some indentified journalistic practices (included in the paper) lend a disproportionate voice in the mass media to lobbyists and policy analysts who may be more interested in advocating or defending a given political, social, or commercial agenda than educating the public about climate science (Boykoff and Boykoff, 2004).
	Boykoff, M.T. and J.M. Boykoff (2004). Balance as bias: warming and the US prestige press.  Global Environmental Change.  14; pp125-136.

	Best Practices
	Science literacy matters because, we believe, science and democracy go hand in hand.  Science engenders democracy by evolving how people think, and by enhancing how they interact (Kuhn, 2003).
	Boykoff, M.T. and J.M. Boykoff (2004). Balance as bias: warming and the US prestige press.  Global Environmental Change.  14; pp125-136.

	Best Practices
	Among government agencies, like those included in the USGCRP, there remains the issue of limited budgets and the need to prioritize.  To escape this conundrum, research recommend classifying all of society into groups, or strata, so that all parts of society are targeted but that the messages and methods of delivery are tailored differently for each group.  For example, if the goal is to influence science policy, using a stratified model of society can be helpful in prioritizing audiences according to their relative contributions to determining science policy (Miller 2004).
	Miller, Jon D. (2004).  Space Policy Leaders and Science Policy Leaders in the United States.  A report submitted to NASA; on-line at
http://esdepo.gsfc.nasa.gov/docs/files/ NASA_Leadership_Report.pdf

	Best Practices
	There is ample evidence that providing science information to people within the context of a story enhances readers’ / listeners’ understanding of the information, their ability to create meaning from the new information they’ve received, and their ability to remember that information (Haven, 2005).  Moreover, the human brain is wired to receive information in a story format (Bruner, 1992; Pinker, 2000).
	Bruner, J. (1992).  The Narrative Construction of Reality. In H Beilin and P. Pufall (eds.). Piaget’s Theory: Prospects and Possibilities (pp 229-248). Hillsdale, NJ: Lawrence Erlbaum.
Pinker, S. (2000). The Language Instinct.  New York: Perenial Classic.

	Best Practices
	Humans have an inherent readiness or predisposition to organize experience into story form: into viewpoints, characters, intentions, sequential plot structures, and the rest (Bruner, 1992).  One hundred thousand years (or more) of evolutionary preference for, and reliance on, story has built into the human genetic code instructions to wire the brain to think in story terms by birth (Pinker, 2000).
	Bruner, J. (1992).  The Narrative Construction of Reality. In H Beilin and P. Pufall (eds.). Piaget’s Theory: Prospects and Possibilities (pp 229-248). Hillsdale, NJ: Lawrence Erlbaum.
Pinker, S. (2000). The Language Instinct.  New York: Perenial Classic.

	Best Practices
	Environmental concepts may be learned more effectively if students are oriented in the classroom, so they have a sense of structure before going to the outdoor experience.
	Backman & Crompton, 1985

	Best Practices
	Outdoors may be effective in stimulating critical thinking concepts and understanding rather than with rote memory and increasing problem-solving skills, and with developing.
	Backman & Crompton, 1985

	Best Practices
	Significant gains were found for both knowledge and attitudes after exposure to an environmental science course.
	Bradley et al, 1999

	Best Practices
	After course completion students’ environmental attitudes became more environmentally favorable
	Bradley et al, 1999

	Best Practices
	Students having higher knowledge scores had more favorable environmental attitudes compared with students with lower knowledge scores.
	Bradley et al, 1999

	Best Practices
	Formal instruction in issue investigation-evaluation and action skills training produces a positive increase in overt environmental behavior.
	Culen & Volk, 2000

	Best Practices
	Instruction only in knowledge and awareness of environmental issues might be responsible for a slight increase in overt environmental behavior.
	Culen & Volk, 2000

	Best Practices
	Classes instructed in ecological foundations, awareness, investigation and action training had higher levels of knowledge of citizenship action skills than those instructed in foundations and awareness only.
	Culen & Volk, 2000

	Best Practices
	Exploratory behavior was shown to be positively correlated with cognitive learning.
	Kubota & Olstad, 1991

	Best Practices
	· Effective message communication:
· Have clear messages and learning objectives that will be evaluated.
· Tell stories to make messages more convincing than sets of data and to connect better with the audience.  The story should explain an Earth system phenomenon and provide the context and relevance of this phenomenon to the general public.
· Link related datasets to tell a story and explore a concept in more depth or with a systems approach.
· Use local events to engage visitors with global phenomena.  Connecting these local events back to global issues gives visitors an appreciation for their connection to the Earth system.
· Add supporting exhibitry in adjacent spaces to reinforce concepts and messages.
	To maximize the effectiveness of Science On a Sphere® (SOS) as an Earth System Science education platform NOAA’s Office of Education has formed the SOS Users Collaborative Network of over 70 museums, science centers, zoos, and aquariums across the world.  SOS Network members use rigorous remedial, front-end, formative, and summative evaluations to identify best practices that increase STEM learning and engagement with the audience.  A broad summative evaluation across 16 institutions was also conducted.  All evaluation reports can be found here: http://www.oesd.noaa.gov/network/SOS_evals/
Many of these best practices could be applied to any science education program that uses scientific data and is focused on a complex topic such as climate change.

	Best Practices
	· Docent-facilitated interpretation:
· Use docent facilitation for educational programs because it increases learning.
· Make live docent presentations interactive, inquiry-based, and engaging to explain complexities and dispel confusions.
· Train docents to ensure accurate content delivery and that they have sufficient understanding of the fundamental concepts inherent in the visualizations.
· Provide regularly updated trainings for docents and annotation to interpret real-time data.  A good example of such a resource is EarthNow, which is a blog that is updated at least weekly by a weather and climate expert to provide interpreted real-time NOAA weather and ocean data, information about major events, dataset annotation, and related docent training (http://sphere.ssec.wisc.edu).
· Highlight current events from real-time data.
· Tailor docent presentations to the culture and knowledge level of the audience.
· Identify and address common misconceptions in each dataset.
· Connect data to local context/place and use exhibits at the site to help make SOS connections and ideas more real.
· Connect the content messages to the mission of the institution.
· Have docents co-teach and review one another’s presentations.
	To maximize the effectiveness of Science On a Sphere® (SOS) as an Earth System Science education platform NOAA’s Office of Education has formed the SOS Users Collaborative Network of over 70 museums, science centers, zoos, and aquariums across the world.  SOS Network members use rigorous remedial, front-end, formative, and summative evaluations to identify best practices that increase STEM learning and engagement with the audience.  A broad summative evaluation across 16 institutions was also conducted.  All evaluation reports can be found here: http://www.oesd.noaa.gov/network/SOS_evals/
Many of these best practices could be applied to any science education program that uses scientific data and is focused on a complex topic such as climate change.


	Best Practices
	· Using scientific data,  visualization, and interpretation:
· Partner with expert scientists to ensure accuracy of visualizations, their interpretations, and other content.
· Base content on an appropriate combination of data visualizations, animations, video, still imagery, and computer graphics.
· Use colors for data visualizations that are relevant to perception and interpretation biases (e.g., blue = cold, red = hot).
· Annotate visualizations with clear labels, keys to help orient visitors geographically, highlight specific data features, and to engage visitors.
· Introduce viewers to new types of datasets with explanations of color scales and how to read the data visualization.
· Tilt the axis of and rotate the [global] visualization to help visitors focus on geographic areas of important scientific features.
· Use alternating slices of visualizations to compare and connect two datasets to each other.
	To maximize the effectiveness of Science On a Sphere® (SOS) as an Earth System Science education platform NOAA’s Office of Education has formed the SOS Users Collaborative Network of over 70 museums, science centers, zoos, and aquariums across the world.  SOS Network members use rigorous remedial, front-end, formative, and summative evaluations to identify best practices that increase STEM learning and engagement with the audience.  A broad summative evaluation across 16 institutions was also conducted.  All evaluation reports can be found here: http://www.oesd.noaa.gov/network/SOS_evals/
Many of these best practices could be applied to any science education program that uses scientific data and is focused on a complex topic such as climate change.


	Best Practices
	Informal environments should be designed with specific learning goals in mind (e.g., the strands of science learning).
	Bell, P, Lewenstein, B, Shouse, A.W., Feder, M.A. (eds), 2009. Learning Science in Informal Environments: People, Places, and Pursuits. Committee on Learning Science in Informal Environments, A REPORT OF THE NATIONAL RESEARCH COUNCIL OF THE NATIONAL ACADEMIES, The National Academies Press, Washington, D.C.

	Best Practices
	Informal environments should be interactive.
	Bell, P, Lewenstein, B, Shouse, A.W., Feder, M.A. (eds), 2009. Learning Science in Informal Environments: People, Places, and Pursuits. Committee on Learning Science in Informal Environments, A REPORT OF THE NATIONAL RESEARCH COUNCIL OF THE NATIONAL ACADEMIES, The National Academies Press, Washington, D.C.

	Best Practices
	Informal environments should provide multiple ways for learners to engage with concepts, practices, and phenomena within a particular setting
	Bell, P, Lewenstein, B, Shouse, A.W., Feder, M.A. (eds), 2009. Learning Science in Informal Environments: People, Places, and Pursuits. Committee on Learning Science in Informal Environments, A REPORT OF THE NATIONAL RESEARCH COUNCIL OF THE NATIONAL ACADEMIES, The National Academies Press, Washington, D.C.

	Best Practices
	Informal environments should facilitate science learning across multiple settings.
	Bell, P, Lewenstein, B, Shouse, A.W., Feder, M.A. (eds), 2009. Learning Science in Informal Environments: People, Places, and Pursuits. Committee on Learning Science in Informal Environments, A REPORT OF THE NATIONAL RESEARCH COUNCIL OF THE NATIONAL ACADEMIES, The National Academies Press, Washington, D.C.

	Best Practices
	Informal environments should prompt and support participants to interpret their learning experiences in light of relevant prior knowledge, experiences, and interests.
	Bell, P, Lewenstein, B, Shouse, A.W., Feder, M.A. (eds), 2009. Learning Science in Informal Environments: People, Places, and Pursuits. Committee on Learning Science in Informal Environments, A REPORT OF THE NATIONAL RESEARCH COUNCIL OF THE NATIONAL ACADEMIES, The National Academies Press, Washington, D.C.

	Best Practices
	Informal environments should support and encourage learners to extend their learning over time.
	Bell, P, Lewenstein, B, Shouse, A.W., Feder, M.A. (eds), 2009. Learning Science in Informal Environments: People, Places, and Pursuits. Committee on Learning Science in Informal Environments, A REPORT OF THE NATIONAL RESEARCH COUNCIL OF THE NATIONAL ACADEMIES, The National Academies Press, Washington, D.C.

	Best Practices
	From their inception, informal environments for science learning should be developed through community-educator partnerships and whenever possible should be rooted in scientific problems and ideas that are consequential for community members
	Bell, P, Lewenstein, B, Shouse, A.W., Feder, M.A. (eds), 2009. Learning Science in Informal Environments: People, Places, and Pursuits. Committee on Learning Science in Informal Environments, A REPORT OF THE NATIONAL RESEARCH COUNCIL OF THE NATIONAL ACADEMIES, The National Academies Press, Washington, D.C.

	Best Practices
	Educational tools and materials should be developed through iterative processes involving learners, educators, designers, and experts in science, including the sciences of human learning and development.
	Bell, P, Lewenstein, B, Shouse, A.W., Feder, M.A. (eds), 2009. Learning Science in Informal Environments: People, Places, and Pursuits. Committee on Learning Science in Informal Environments, A REPORT OF THE NATIONAL RESEARCH COUNCIL OF THE NATIONAL ACADEMIES, The National Academies Press, Washington, D.C.

	Best Practices
	Front-line staff should actively integrate questions, everyday language, ideas, concerns, worldviews, and histories, both their own and those of diverse learners. To do so they will need support opportunities to develop cultural competence, and to learn with and about the groups they want to serve.
	Bell, P, Lewenstein, B, Shouse, A.W., Feder, M.A. (eds), 2009. Learning Science in Informal Environments: People, Places, and Pursuits. Committee on Learning Science in Informal Environments, A REPORT OF THE NATIONAL RESEARCH COUNCIL OF THE NATIONAL ACADEMIES, The National Academies Press, Washington, D.C.

	Best Practices
	Ocean literacy is an understanding of the ocean’s influence on you and your influence on the ocean. An ocean-literate person understands:
• the essential principles and fundamental concepts about the functioning of the ocean;
• can communicate about the ocean in a meaningful way; and
• is able to make informed and responsible decisions regarding the ocean and its resources.
	“Ocean Literacy: Essential Principles of Ocean Sciences"
(http://www.coexploration.org/oceanliteracy/documents/OceanLitConcepts_10.11.05.pdf)

	Best Practices
	Climate is an ideal interdisciplinary theme for lifelong learning about the scientific process and the ways in which humans affect and are affected by the Earth’s systems.
	"Climate Literacy: The Essential Principles of Climate Science"
(http://www.noaa.gov/climateliteracy.html)

	Best Practices
	Student attendance, classroom engagement, and academic achievement are improved when students participate in high-quality service learning programs
	Corporation for National and Community Service (http://www.nationalservice.gov/pdf/factsheet_lsa.pdf)

	Best Practices
	Service-learning actively engages participants in meaningful and personally relevant service activities.
	National Youth Leadership Council. 2008. K-12 Service-Learning Standards for Quality Practice. Saint Paul, MN: Author

	Best Practices
	Service-learning is intentionally used as an instructional strategy to meet learning goals and/or content standards.
	National Youth Leadership Council. 2008. K-12 Service-Learning Standards for Quality Practice. Saint Paul, MN: Author

	Best Practices
	Service-learning incorporates multiple challenging reflection activities that are ongoing and that prompt deep thinking and analysis about oneself and one’s relationship to society.
	National Youth Leadership Council. 2008. K-12 Service-Learning Standards for Quality Practice. Saint Paul, MN: Author

	Best Practices
	Service-learning partnerships are collaborative, mutually beneficial, and address community needs.
	National Youth Leadership Council. 2008. K-12 Service-Learning Standards for Quality Practice. Saint Paul, MN: Author

	Best Practices
	Service-learning has sufficient duration and intensity to address community needs and meet specified outcomes
	National Youth Leadership Council. 2008. K-12 Service-Learning Standards for Quality Practice. Saint Paul, MN: Author

	Best Practices
	Service-learning is positive, meaningful, and real to the students.
	Eyler, J., and Giles, D.E., Jr. 1999. Where’s the Learning in Service-Learning? San Francisco, CA: Jossey-Bass.

	Best Practices
	Service learning promotes skills associated with teamwork, community involvement, and citizenship.
	Eyler, J., and Giles, D.E., Jr. 1999. Where’s the Learning in Service-Learning? San Francisco, CA: Jossey-Bass.

	Best Practices
	Service learning address complex problems in complex settings.
	Eyler, J., and Giles, D.E., Jr. 1999. Where’s the Learning in Service-Learning? San Francisco, CA: Jossey-Bass.

	Best Practices
	Service learning promote problem-solving and critical thinking by requiring students to gain knowledge of the specific context of their service-learning activity and community challenges.
	Eyler, J., and Giles, D.E., Jr. 1999. Where’s the Learning in Service-Learning? San Francisco, CA: Jossey-Bass.

	Best Practices
	Service learning promotes deeper learning through immediate and uncontrived results.
	Eyler, J., and Giles, D.E., Jr. 1999. Where’s the Learning in Service-Learning? San Francisco, CA: Jossey-Bass.

	Best Practices
	Service learning generates emotional consequences, challenge views, and support social, emotional, and cognitive learning and development.
	

	Best Practices
	Children in early grades are capable of surprisingly sophisticated scientific thinking (National Research Council, 2007).
	National Research Council. 2007. Taking Science to School. Committee on Science Learning, Kindergarten Through Eighth Grade. Washington, DC: National Academies Press., National Research Council.

	Best Practices
	Student interest in STEM fields can begin in childhood and be cultivated through effective educational opportunities along the STEM career path.
	Tai, R.H., Liu, C.Q., Maltese, A.V., and Fan, X. 2006. Planning early careers in science. Science, 312: 1143-1144.

	Best Practices
	Problem-based learning is an instructional method that encourages learners to apply critical thinking, problem-solving skills, and content knowledge to real-world problems and issues. Instruction is more student-centered and less teacher-directed than in traditional classrooms. Students assume considerable responsibility for their own learning by locating much of the information they need to solve the problems at hand. Learning is active rather than passive, integrated rather than fragmented, cumulative rather than isolated, and connected rather than disjointed. Problem-based learning is likely to include discussion, reflection, research, projects, and presentations. The instructor plays several roles, including lecturer, facilitator, foil, coach, and assessor. These roles entail offering guidance, instruction, and resources to help students acquire content knowledge and problem-solving skills. Evaluation is authentic, performance based, and ongoing.
	Levin, B.B. (Editor). 2001. Energizing Teacher Education and Professional Development with Problem-Based Learning. Alexandria, VA: Association for Supervision and Curriculum Development.

	Best Practices
	Zoos, aquariums and museums (ZAMs) are trusted resources for conservation information. The American public considers ZAMs as “authorities” on issues concerning the environment, and are more likely to adopt a prescriptive behavioral recommendation coming from a ZAM than from other sources.
	Ocean Project, 2009, (http://www.theoceanproject.org/ocean_education_grant_program)

	Best Practices
	The American public trusts the recommendations made by Zoos, aquariums and museums (ZAMs) about ways to protect and conserve the environment.
	Ocean Project, 2009, (http://www.theoceanproject.org/ocean_education_grant_program)

	Best Practices
	Parents with children in the household under age 18 believe that their children are excellent sources of information about the environment.
The findings suggest that while the parent remains the household “decision maker,” the child increasingly is becoming the “opinion-maker” on environment related issues.
	Ocean Project, 2009, (http://www.theoceanproject.org/ocean_education_grant_program)

	
Engagement: Increase learners’ engagement, interest in STEM and their perception of its value to their lives, or their ability or participate in STEM.

	Best Practices
	Civic engagement programs should "seek out issues related to science and society where the voices of citizens should be heard and ensure that dialogue occurs" 
	The Toronto Declaration of the 5th Science Centre World Congress, 2008. (http://www.5scwc.org/TheTorontoDeclaration/tabid/133/Default.aspx)

	Best Practices
	Successful projects engage local citizens in public deliberations of major environmental issues affecting their lives and empower them to find solutions for those issues as well as contribute to future deliberations occurring on those issues at regional, state, national and even global levels (see recommendations in "Americans and Climate Change: Closing the Gap Between Science and Action: A Synthesis
of Insights and Recommendations from the 2005 Yale Conference on Climate Change"
	Abbasi, D., 2006. Americans and Climate Change: Closing the Gap Between Science and Action: A Synthesis of Insights and Recommendations from the 2005 Yale Conference on Climate Change. Yale School of Forestry & Environmental Studies. (http://environment.yale.edu/climate/americans_and_climate_change.pdf)

	Best Practices
	Student attendance, classroom engagement, and academic achievement are
improved when students participate in high-quality service learning programs

	Corporation for National and Community Service (http://www.nationalservice.gov/pdf/factsheet_lsa.pdf).

	Best Practices
	· Effective message communication:
· Have clear messages and learning objectives that will be evaluated.
· Tell stories to make messages more convincing than sets of data and to connect better with the audience.  The story should explain an Earth system phenomenon and provide the context and relevance of this phenomenon to the general public.
· Link related datasets to tell a story and explore a concept in more depth or with a systems approach.
· Use local events to engage visitors with global phenomena.  Connecting these local events back to global issues gives visitors an appreciation for their connection to the Earth system.
· Add supporting exhibitry in adjacent spaces to reinforce concepts and messages.
	To maximize the effectiveness of Science On a Sphere® (SOS) as an Earth System Science education platform NOAA’s Office of Education has formed the SOS Users Collaborative Network of over 70 museums, science centers, zoos, and aquariums across the world.  SOS Network members use rigorous remedial, front-end, formative, and summative evaluations to identify best practices that increase STEM learning and engagement with the audience.  A broad summative evaluation across 16 institutions was also conducted.  All evaluation reports can be found here: http://www.oesd.noaa.gov/network/SOS_evals/ 
Many of these best practices could be applied to any science education program that uses scientific data and is focused on a complex topic such as climate change.  

	Best Practices
	· Docent-facilitated interpretation:
· Use docent facilitation for educational programs because it increases learning.
· Make live docent presentations interactive, inquiry-based, and engaging to explain complexities and dispel confusions.
· Train docents to ensure accurate content delivery and that they have sufficient understanding of the fundamental concepts inherent in the visualizations.
· Provide regularly updated trainings for docents and annotation to interpret real-time data.  A good example of such a resource is EarthNow, which is a blog that is updated at least weekly by a weather and climate expert to provide interpreted real-time NOAA weather and ocean data, information about major events, dataset annotation, and related docent training (http://sphere.ssec.wisc.edu). 
· Highlight current events from real-time data.
· Tailor docent presentations to the culture and knowledge level of the audience.
· Identify and address common misconceptions in each dataset.
· Connect data to local context/place and use exhibits at the site to help make SOS connections and ideas more real.
· Connect the content messages to the mission of the institution.
· Have docents co-teach and review one another’s presentations.
	To maximize the effectiveness of Science On a Sphere® (SOS) as an Earth System Science education platform NOAA’s Office of Education has formed the SOS Users Collaborative Network of over 70 museums, science centers, zoos, and aquariums across the world.  SOS Network members use rigorous remedial, front-end, formative, and summative evaluations to identify best practices that increase STEM learning and engagement with the audience.  A broad summative evaluation across 16 institutions was also conducted.  All evaluation reports can be found here: http://www.oesd.noaa.gov/network/SOS_evals/ 
Many of these best practices could be applied to any science education program that uses scientific data and is focused on a complex topic such as climate change.  


	Best Practices
	· Using scientific data,  visualization, and interpretation:
· Partner with expert scientists to ensure accuracy of visualizations, their interpretations, and other content.
· Base content on an appropriate combination of data visualizations, animations, video, still imagery, and computer graphics.
· Use colors for data visualizations that are relevant to perception and interpretation biases (e.g., blue = cold, red = hot).
· Annotate visualizations with clear labels, keys to help orient visitors geographically, highlight specific data features, and to engage visitors.
· Introduce viewers to new types of datasets with explanations of color scales and how to read the data visualization.
· Tilt the axis of and rotate the [global] visualization to help visitors focus on geographic areas of important scientific features.
· Use alternating slices of visualizations to compare and connect two datasets to each other.
	To maximize the effectiveness of Science On a Sphere® (SOS) as an Earth System Science education platform NOAA’s Office of Education has formed the SOS Users Collaborative Network of over 70 museums, science centers, zoos, and aquariums across the world.  SOS Network members use rigorous remedial, front-end, formative, and summative evaluations to identify best practices that increase STEM learning and engagement with the audience.  A broad summative evaluation across 16 institutions was also conducted.  All evaluation reports can be found here: http://www.oesd.noaa.gov/network/SOS_evals/ 
Many of these best practices could be applied to any science education program that uses scientific data and is focused on a complex topic such as climate change.  


	
Pre and In Service Educator/Education Leader Performance: Train or retain STEM educators (K-12 pre-service or in-service, post-secondary, and informal) and education leaders to improve the content knowledge and pedagogical skills of STEM educators.

	Best Practices
	Instruction that uses a learning cycle approach consistently results in more positive attitudes about science.
	Hanuscin, D.L., & Lee, M.H. (2008). Using the learning cycle as a model for teaching the learning cycle to preservice elementary teachers. Journal of Elementary Science Education, 20(2), 51-66.
The BSCS 5E Instructional Model: Origins and Effectiveness, R. Bybee, J. Taylor, A. Gardner, P. VanScotter, J. Powell, A. Westbrook, and Nancy Landes, 2006.

	Best Practices
	Research shows that professional development leads to better instruction and improved student learning when it connects to the curriculum materials that teachers use, the district and state academic standards that guide their work, and the assessment and accountability measures that evaluate their success.
	Teaching Teachers: Professional Development To Improve Student Achievement, Research Points, American Educational Research Association, 2005. https://www.aera.net/uploadedFiles/Journals_and_Publications/Research_Points/RPSummer05.pdf

	Best Practices
	Classroom instructional practices are linked significantly to teacher quality as defined by teachers’ knowledge and ability to apply subject matter and pedagogical content knowledge related to the subjects taught.
	Council of Chief State School Officers, 2007; Darling-Hammond, 2006; Mundry, 2005; Weinburgh, Smith, & Clark, 2008)

	Best Practices
	The best professional development is ongoing, experiential, collaborative, and connected to and derived from working with students and understanding their culture.
	Why Is Teacher Development Important? Edutopia, George Lucas Educational Foundation, http://www.edutopia.org/teacher-development-introduction

	Best Practices
	Professional development projects for in-service and pre-service educator should include the following items:
· Be intensive and include application of knowledge to teacher planning and instruction.
	

	Best Practices
	Provide adequate time during the school day and throughout the year for intensive work and regular reflection on practice.
	National Research Council. 2007. Taking Science to School. Committee on Science Learning, Kindergarten Through Eighth Grade. Washington, DC: National Academies Press.

National Research Council. 2008. Ready, Set, Science!: Putting Research to Work in K-8 Science Classrooms. Washington, DC: National Academies Press.

	Best Practices
	Build strong working relationships among teachers, emphasizing collective participation of groups of teachers, which includes opportunities for teachers from the same school, department, or grade level.
	National Research Council. 2007. Taking Science to School. Committee on Science Learning, Kindergarten Through Eighth Grade. Washington, DC: National Academies Press.

Wei, R.C., Darling-Hammond, L., Andree, A., Richardson, N., and Orphanos, S. 2009. Professional Learning in the Learning Profession: A Status Report on Teacher Development in the United States and Abroad. Dallas, TX: National Staff Development Council.

	Best Practices
	Include school-based and job-embedded support for teachers to evaluate student work, design and refine of study units, and observe and reflect on colleagues' lessons.
	National Research Council. 2007. Taking Science to School. Committee on Science Learning, Kindergarten Through Eighth Grade. Washington, DC: National Academies Press.

National Research Council. 2008. Ready, Set, Science!: Putting Research to Work in K-8 Science Classrooms. Washington, DC: National Academies Press.

Wei, R.C., Darling-Hammond, L., Andree, A., Richardson, N., and Orphanos, S. 2009. Professional Learning in the Learning Profession: A Status Report on Teacher Development in the United States and Abroad. Dallas, TX: National Staff Development Council.

	Best Practices
	Provide teachers with a coherent view of the instructional system (e.g., connections between content and performance standards, instructional material and state assessments, school and district goals, and the development of a professional community).
	National Research Council. 2007. Taking Science to School
. Committee on Science Learning, Kindergarten Through Eighth Grade. Washington, DC: National Academies Press.

National Research Council. 2008. Ready, Set, Science!: Putting Research to Work in K-8 Science Classrooms. Washington, DC: National Academies Press.

	Best Practices
	Require active support of school and district leaders.
	National Research Council. 2007. Taking Science to School. Committee on Science Learning, Kindergarten Through Eighth Grade. Washington, DC: National Academies Press.

National Research Council. 2008. Ready, Set, Science!: Putting Research to Work in K-8 Science Classrooms. Washington, DC: National Academies Press.

	Best Practices
	Be intensive and include application of knowledge to teacher planning and instruction.
	National Research Council. 2007. Taking Science to School. Committee on Science Learning, Kindergarten Through Eighth Grade. Washington, DC: National Academies Press.

National Research Council. 2008. Ready, Set, Science!: Putting Research to Work in K-8 Science Classrooms. Washington, DC: National Academies Press.

	Best Practices
	Address concrete and everyday challenges of teaching and learning for a specific subject.
	National Research Council. 2007. Taking Science to School. Committee on Science Learning, Kindergarten Through Eighth Grade. Washington, DC: National Academies Press.

	Best Practices
	Focus on strengths and needs of learners in the subject matter and on the evidence about what works, drawn from research and clinical experience.
	National Research Council. 2008. Ready, Set, Science!: Putting Research to Work in K-8 Science Classrooms. Washington, DC: National Academies Press.

	Best Practices
	Focus on improving student learning in a specific content area that is grounded in the curriculum taught.
	National Research Council. 2008. Ready, Set, Science!: Putting Research to Work in K-8 Science Classrooms. Washington, DC: National Academies Press.

	Best Practices
	Be sustained over substantial contact hours and spread over a period of months to several years.
	Wei, R.C., Darling-Hammond, L., Andree, A., Richardson, N., and Orphanos, S. 2009. Professional Learning in the Learning Profession: A Status Report on Teacher Development in the United States and Abroad. Dallas, TX: National Staff Development Council.

	Best Practices
	Problem-based learning: an instructional method that encourages learners to apply critical thinking, problem-solving skills, and content knowledge to real-world problems and issues. Instruction is more student-centered and less teacher-directed than in traditional classrooms. Students assume considerable responsibility for their own learning by locating much of the information they need to solve the problems at hand. Learning is active rather than passive, integrated rather than fragmented, cumulative rather than isolated, and connected rather than disjointed. Problem-based learning is likely to include discussion, reflection, research, projects, and presentations. The instructor plays several roles, including lecturer, facilitator, foil, coach, and assessor. These roles entail offering guidance, instruction, and resources to help students acquire content knowledge and problem-solving skills. Evaluation is authentic, performance based, and ongoing.
	Levin, B.B. (Editor). 2001. Energizing Teacher Education and Professional Development with Problem-Based Learning. Alexandria, VA: Association for Supervision and Curriculum Development.

	Best Practices
	Best professional development experiences for science and math educators follow seven principles:
· driven by clear, well-defined image of effective classroom learning and teaching
· provide teachers with opportunities to develop knowledge and skills and broaden their teaching approaches so they can create better learning opportunities for students
· use instructional methods to promote learning for adults which mirror the methods to be used with students
· build or strengthen the learning community of science and math teachers
· prepare and support teachers in leadership roles
· consciously provide links to other parts of the educational system, such as district initiatives, state standards, etc.
· include continuous review and assessment
	Loucks- Horsley et al, 1996

	Best Practices
	Research reveals a positive correlation between student achievement and teacher knowledge of science content and pedagogical content (e.g., Appleton, 2007; Garet et al., 2001; Heywood, 2007; Penuel et al., 2007; U.S. Department of Education, 2000).
	Appleton, K. (2007). Elementary science teaching. In S. K. Abell & N. G. Lederman (Eds.), Handbook of Research on Science Education (pp. 493-535). Mahwah, NJ: Lawrence Erlbaum Associates.
Garet, M., Porter, A., Desimone, L., Birman, B., & Yoon, K. 2001. What makes professional development effective? Results from a national sample of teachers. American Educational Research Journal, 38(4), 915-945.
Heywood, D. S. 2007. Problematizing science subject matter knowledge as a legitimate enterprise in primary teacher education. Cambridge Journal of Education, 37(4), 519-542.
Penuel, W.R., Fishman, B.J., Yamaguchi, R., & Gallagher, L.P. 2007. What makes professional development effective? Strategies that foster curriculum implementation. American Educational Research Journal, 44(4), 921-958.
U.S. Department of Education. 2000. Before It’s Too Late: A Report to the Nation from the National Commission on Mathematics and Science Teaching for the 21st Century. Retrieved from http://ed.gov/americacounts/glenn

	Best Practices
	Research also shows that if teachers do not sufficiently understand science content, their effectiveness in the classroom can suffer in several ways, including avoidance of teaching science altogether or failure to inculcate an understanding about the dynamic nature of science (e.g., Abell, 2007; Griffith, 2008).

	Abell, S.K. 2007. Research on science teacher knowledge. In S.K. Abell & N.G. Leaderman (Eds.), Handbook of Research on Science Education (pp. 1105-1149). Mahwah, NJ: Lawrence Erlbaum Associates.
Griffith, G. 2008. Initial impacts of No Child Left Behind on elementary science education. Journal of Elementary Science Education, 20(3), 35-48.

	Best Practices
	Ideally, teachers should both understand the science and be able to construct inquiry-based lessons that teach students critical thinking about topics like climate change (e.g., Desimone et al., 2006; Hanuscin & Lee, 2008; Weinburgh et al., 2008).

	Desimone, L., Smith, T., & Ueno, K. 2006. Are teachers who need sustained, content-focused professional development getting it? An administrator's dilemma. Educational Administration Quarterly, 42(2), 179-215.
Hanuscin, D.L., & Lee, M.H. 2008. Using the learning cycle as a model for teaching the learning cycle to pre-service elementary teachers. Journal of Elementary Science Education, 20(2), 51-66.
Weinburgh, M., Smith, K., & Clark, J. 2008. Using the reflective teaching model in a year-long professional development: A case study of a second-year urban elementary teacher. Electronic Journal of Science Education, 12(2), 22-40.

	Best Practices
	Education research calls for deliberate alignment of the delivery modes, instructional methodologies, and the attributes of various media to maximize online learning (e.g., Harlen & Doubler, 2004, 2007; Head et al., 2002; Krall et al., 2009; Mentis, 2008; Russell et al., 2009).
	Harlen, W., & Doubler, S. J. 2007. Researching the impact of online professional development for teachers. In R. Andrews & C. Haythornthwaite (Eds.), The SAGE Handbook of ELearning Research (pp. 465-486). Los Angeles, CA: SAGE Publications.
Head, J. T., Lockee, B. B., & Oliver, K. M. 2002. Method, media, and mode: Clarifying the discussin of distance education effectiveness. The Quarterly Review of Distance Education, 3(3), 261-268.
Krall, R. M., Straley, J. P., Shafer, S. A., & Osborn, J. L. 2009. Hands-on at a distance: Evaluation of a temperature and heat distance learning course. Journal of Science Education and Technology, 18(2), 173-186.
Mentis, M. 2008. Navigating the e-learning terrain: Aligning technology, pedagogy and context. Electronic Journal of e-Learning, 6(3), 217-226.
Russell, M., Kleiman, G., Carey, R., & Douglas, J. 2009. Comparing self-paced and cohortbased online courses for teachers. Journal of Research on Technology in Education, 41(4), 443-466.

	Best Practices
	Teacher Research Experience Programs lead to increase knowledge of science content and inquiry process, are transformative both professionally and personally, and increase student achievement.
	Simmons, Bora. “Evaluation Report of the NOAA Teacher at Sea Program: 2005-2009 ,” May 2010, URL: http://teacheratsea.noaa.gov/highlights/Evaluation%20Report%20of%20the%20NOAA%20Teacher%20at%20Sea%20Program.pdf .
Silverstein, Samuel C. et al., “Teachers’ Participation in Research Programs Improves Their Students’ Achievement in Science,” October 19, 2009, Science, 326, 440-442.

	Best Practices
	Learning Coral Science through NOAA Coral Program professional development offerings prove to increase knowledge about coral
	http://coralreef.noaa.gov/education/educators/resources/2011_fl_oa_wkshps.pdf

	Best Practices
	Learning Ocean Science through Ocean Exploration Professional Development Offerings prove to increase ocean science knowledge
	http://bridgewaterec.com/publications/OER%20PDI%20Eval-Final-3-13-091.pdf

	
Post-Secondary STEM Degrees: Increase the number of students who enroll in STEM majors, complete STEM credentials or degree programs, or are prepared to enter STEM careers or advanced education.

	Best Practices
	Postsecondary: NOAA Educational Partnership Program with Minority Serving Institutions
	

	Best Practices
	Required NOAA Mission-Relevant STEM Functions - Each NOAA Educational Partnership Program Cooperative Science Center is required to carry out three functions: Education and Outreach, Research, Administrative
	Publications
Online Access to Full Article, http://www.nagt.org/files/nagt/jge/abstracts/educational_partnership_progra.pdf 
Robinson, L et al.  (2007)  An Educational Partnership Program with Minority Serving Institutions:  A Framework for Producing Minority Scientist NOAA-Related Disciplines, Journal of Geosciences Volume 55, Number 5,  Education; Special Issue Broadening Participation in the Earth Sciences.
http://nagt.org/nagt/jge/abstracts/dec07.html
 
National Research Council. 2010. NOAA’s Education Program: Review and Critique. Committee for the Review of the NOAA Education Program. J.W. Farrington and M.A. Feder, Editors, Board on Science Education, Division of Behavioral and Social Sciences and Education. Washington, DC: The National Academies Press.
 Online access,  http://www.nap.edu/openbook.php?record_id=12867&page=R1 

	Best Practices
	Realistic Performance Metrics with Federal-Academe Partnership - NOAA in partnership with academic institutions developed robust primary and secondary performance metrics for the NOAA Educational Partnership Program Cooperative Science Center Program.
	http://nagt.org/nagt/jge/abstracts/dec07.html

EPP Publication, http://www.epp.noaa.gov/epp_documents_page.html#evaluations

	Best Practices
	Mandatory Direct Student Support - Each NOAA Educational Partnership Program Cooperative Science Center meets 30% mandatory direct student support.
	http://www.nagt.org/files/nagt/jge/abstracts/educational_partnership_progra.pdf 

	Best Practices
	Mandatory K-12 Component - Each NOAA Educational Partnership Program Cooperative Science Center has a summer K-12 STEM training component for K-12 Teachers and/or students; activities include K-12 student opportunities to attend and engage in college level STEM program, Teacher Workshops.
	http://www.nagt.org/files/nagt/jge/abstracts/educational_partnership_progra.pdf  
Survey Results of the STEM learners to conduct a lessons learned to improve program activities;
CSCs Designed hands-on, interactive, real-world (research) STEM learning activities for K-12 training. 

	Best Practices
	Mandatory Senior Researcher Position - Each NOAA Educational Partnership Program Cooperative Science Center has a Distinguished Scientist (DS) position. The DS leads research among CSC institutions and research collaboration with NOAA.
	http://www.nagt.org/files/nagt/jge/abstracts/educational_partnership_progra.pdf 

	Best Practices
	Mandatory NOAA Scientist on Student Graduate Degree Committee - CSC Students pursuing graduate degree must have a NOAA advisor on their graduate program committee.
	http://www.nagt.org/files/nagt/jge/abstracts/educational_partnership_progra.pdf 

	Best Practices
	External Peer Review in Year 3 of Performance Period - Each NOAA Educational Partnership Program Cooperative Science Center is peer reviewed by a 5- member external evaluation team in 3rd year.
	Expert Panel Report
http://www.nagt.org/files/nagt/jge/abstracts/educational_partnership_progra.pdf

	Best Practices
	Biennial Educational Partnership Program Science & Education Forum – bring all EPP-supported faculty, staff and students together for a national. Forum is a professional meeting addressing NOAA mission-relevant STEM fields. Forum presentations are by participants representing a cross-section of NOAA mission-relevant sectors - including other federal and state science agencies, professional societies, and faculty/student, from non-EPP funded academic institutions, and private sector.
	http://www.nagt.org/files/nagt/jge/abstracts/educational_partnership_progra.pdf 

	Best Practices
	NOAA Educational Partnership Program Cooperative Science Center faculty are required to be collaborative among Center partner institutions working on NOAA mission-relevant research and collaborate with NOAA scientists.
	http://www.nagt.org/files/nagt/jge/abstracts/educational_partnership_progra.pdf 



	Best Practices
	Technical Monitors – NOAA scientists from the relevant Office assigned as technical monitors to each NOAA Educational Partnership Program Cooperative Science Center allowing CSCs to train student in priority NOAA mission-relevant field, using NOAA facilities and generating research data.
	http://www.nagt.org/files/nagt/jge/abstracts/educational_partnership_progra.pdf 

	Best Practices
	Required Research Collaboration Across all Centers on NOAA Priority - Research is collaborative and integrated among the EPP Cooperative Science Centers on a NOAA mission research priority.
	http://www.nagt.org/files/nagt/jge/abstracts/educational_partnership_progra.pdf 

	Best Practices
	Database to Track Mandates/Requirements - Student Tracker – with OMB approval collecting data and make part of a tracker system to assess effectiveness of the program e.g. numbers trained, graduated, employed. Degrees earned and STEM employment.
	http://www.nagt.org/files/nagt/jge/abstracts/educational_partnership_progra.pdf 

NOAA Office of Education, Educational Partnership Program, Student Tracker System, 
https://oedwebapps.iso.noaa.gov/stracker/  
The database is a repository of student data and information for the: (1) four Educational Partnership Programs; (2) Dr. Nancy Foster Scholarship Program; and, (3) Ernest F. Hollings Undergraduate Scholarship Program.  The Educational Partnership Program students are tracked by program – including, for example, student name, academic institution, degree, funding, graduate date, and post graduation plans.

	Best Practices
	Communicate Outcomes and Impacts - Quarterly Newsletter and EPP Report circulated nationally and available of the EPP web site; Department of Commerce Blog, etc.
	http://www.nagt.org/files/nagt/jge/abstracts/educational_partnership_progra.pdf 
www.epp.noaa.gov   
http://www.epp.noaa.gov/epp_student_statistics_page.html 
http://www.commerce.gov/blog/2011/07/26/noaa-cultivating-next-generation-stem-workers-one-student-time 


	Best Practices
	Required Public/Private Sector Collaboration - Each NOAA Educational Partnership Program Cooperative Science Center has an academia-industry sector component where collaboration on STEM planning and program design ensuring that student training includes real-world problem-based (research) that is state-of-the-art and relevant.
	http://www.nagt.org/files/nagt/jge/abstracts/educational_partnership_progra.pdf 



	Best Practices
	Wider Impacts - Each NOAA Educational Partnership Program Cooperative Science Center must have external collaborations/agreements, among public/private sector to include entities that include any one or more: professional societies, other federal and or state/local government, non-governmental organizations, communities, schools, etc.
	http://www.nagt.org/files/nagt/jge/abstracts/educational_partnership_progra.pdf 

	Best Practices
	Leveraging - Joint efforts facilitate STEM collaborations with STEM organizations to share STEM knowledge, experiences, etc. Expand and maximize capacity across Center institutions, other funding sources, etc.
	http://www.nagt.org/files/nagt/jge/abstracts/educational_partnership_progra.pdf 

	Best Practices
	Support for Required Administrative Positions - Sustained support for program administrative and professional staff to administer STEM programs.
	http://www.nagt.org/files/nagt/jge/abstracts/educational_partnership_progra.pdf 

	Best Practices
	Participation: To engage underrepresented and underserved groups, projects should incorporate what is known about best practices for broadening participation in STEM fields (e.g., BEST 2004; Levine, et al. 2009).
	BEST (Building Engineering and Science Talent). 2004. The Talent Imperative: Diversifying America's Science and Engineering Workforce. San Diego, CA: BEST., Levine, R., Gonzalez, R., and Martinez-Sussmann, S. 2009. Learning Diversity in Earth System Science. Paper prepared for the National Research Council 2010 report. Available at: http://www7.nationalacademies.org/bose/NOAA%20Diversity.pdf.

	
STEM Careers: Prepare people to enter STEM workforce with training or certification (where STEM discipline specific knowledge and skill are the primary focus of the education investment; STEM educator training and development investments should select the Pre and In Service Educator/Education Leader Performance objective listed above)

	Best Practices
	Scholarship Programs that Effectively Lead to STEM Careers: Undergraduate and Graduate Programs; and Interventions
	

	Best Practice
	Best Practices STEM Career – A. NOAA Undergraduate Scholarships: 1. Ernest F. Hollings Scholarship (EFHSP); and 2. Educational Partnership Program Undergraduate Scholarship Program (USP); B. NOAA Graduate Scholarships: 1. Educational Partnership Program Graduate Sciences Program (GSP) and 2. Dr. Nancy Foster Scholarship Program (NFSP) - All-NOAA Student Opportunities provide a portfolio of NOAA mission-relevant STEM career training opportunities through scholarships, internships, and fellowships.
	http://www.oesd.noaa.gov/noaa_student_opps.html 

	Best Practice
	Undergraduate Scholarships: Scholar Selection Process - After Merit Review, Program Office: is substantially involved in the selection of the undergraduate scholarship recipients in that way the agency has an opportunity to select students who, through their application process and coursework, have demonstrated an interest and commitment to STEM disciplines that support NOAA’s mission.
	Survey Feedback


	Best Practice
	Validate NOAA Undergraduate Scholarships: Student Selection Process - Students who are being trained in STEM  and aligned fields that support NOAA mission developing competency and professional growth in internship experience(s).
	Feedback from NOAA Mentors and Science Professionals Serving as Student Presentation Judges

	Best Practice
	Undergraduate Scholarships: Scholar Orientation - Soon after selection students are engaged in an intensive week-long orientation at NOAA to learn about the NOAA mission, long-term vision, what services NOAA provides and strategies to support its services. Students gain an understanding about the significant impact academic training in STEM fields can have in science and technology that support NOAA’s Services.
	Evaluation by Pre/Post-Survey Response


	Best Practice
	Undergraduate Scholarships: Scholar Internship – Provide Scholar a 9-week internship opportunity with NOAA  mentor at NOAA facilities working on discrete NOAA mission relevant STEM project and develop oral or poster presentation on internship experience.
	Final Science and Education Symposium – Scholar’s presentations are competitively assessed by NOAA Scientists; EPP Publication; Newsletters

	Best Practice
	
Undergraduate Scholarships: Scholar Final Science and Education Symposium - At end of internship scholars come to NOAA to present – poster/oral – to peers scientist. Presentations are judged by scientists from NOAA, other science agencies and academia to provide Scholars with feedback as a growth opportunity.
	
Final Science and Education Symposium – Scholar’s presentations are competitively assessed by NOAA Scientists; EPP Publication; Newsletters
http://www.epp.noaa.gov/epp_documents_page.html#newsletters

http://www.epp.noaa.gov/epp_documents_page.html#evaluations

	Best Practices
	Undergraduate Scholarships: Scholar Mentorship - NOAA Scholars have a NOAA mentor to provide guidance and advice. All mentors are required to take the Certificate Mentor Training Program. 
	Mentor Certification


	Best Practices
	Undergraduate Scholarships: Scholar Mentorship – Each NOAA Scholar gets mentee training.
	Feedback from NOAA Mentors and Scholars

	Best Practices
	NOAA GRADUATE SCHOLARSHIP PROGRAMS -
Graduate Sciences Program: 
Academic, Professional and Career Development: Each GSP participant has a NOAA advisor; works on NOAA activities; conducts s minimum of 16 weeks/year research at a NOAA facility.
	Robinson, L et al.  (2007)  An Educational Partnership Program with Minority Serving Institutions:  A Framework for Producing Minority Scientist NOAA-Related Disciplines, Journal of Geosciences Volume 55, Number 5,  Education; Special Issue Broadening Participation in the Earth Sciences.
http://nagt.org/nagt/jge/abstracts/dec07.html

Performance Review; Academic Transcripts; Newsletters; EPP Publication

	Best Practices
	Federal Employee: Each GSP participant is employed by NOAA as a trainee through the Student Career Experience Program (SCEP).
	Performance Review; NOAA Workforce Management Office Report

	Best Practices
	Co-location with Science Professionals: After completing coursework each GSP participant is relocated to NOAA facility, interacts and collaborates with NOAA scientists in the professional workplace setting, generating research data and/or using NOAA data for graduate degree program. 
	Feedback from Academic and NOAA Mentors and Graduate Sciences Program Trainees

	Best Practices
	Substantial Involvement of NOAA Scientists: NOAA advisor is a voting member of the GSP trainee’s graduate degree program committee.
	Professional Association Recognition

	Best Practices
	Continuous Open-Flow Communication: Quarterly Teleconference Call with NOAA’s Program Office, Academic Advisor, NOAA Advisor and the GSP participant ensures progress and timelines are current. 
	Newsletters; EPP Publication; Trainee Reports; Mentor Feedback

	Best Practices
	NOAA GRADUATE SCHOLARSHIP PROGRAMS -
Nancy Foster (NF) Scholarship: Research Collaboration - Each Nancy Foster Scholar conducts at least one NOAA research collaboration working on NOAA activity(ies) at a NOAA facility with NOAA mentor for 4-6 weeks.
	Annual Report from NF Scholars


	Best Practices
	ALL SCHOLARSHIPS:
Support Participation in Professional Meeting: – NOAA supports all students who attend professional meeting to present results of NOAA research projects.
	Survey Feedback; Annual Reports; Professional Association Recognition; Newsletters; Publications


	Best Practices
	ALL SCHOLARSHIPS:
Evaluation – Scholars complete assessment of entire program that includes experiences and mentoring: Evaluation of Orientation and Final Science and Education Symposium; Entrance and Exit Survey.
	Survey Feedback


	Best Practices
	ALL SCHOLARSHIPS:
Mentors complete assessment of each Scholar’s internship at mid-point and final; Mentors assessment includes responses about the entire program.
	Mentor Feedback


	Best Practices
	Early Intervention: Student interest in STEM fields can begin in childhood and be cultivated through effective educational opportunities along the STEM career path (Tai, et al., 2006).the STEM career path (Tai, et al., 2006).
	Tai, R.H., Liu, C.Q., Maltese, A.V., and Fan, X. 2006. Planning early careers in science. Science, 312: 1143-1144.

	Best Practices
	Participation: To engage underrepresented and underserved groups, projects should incorporate what is known about best practices for broadening participation in STEM fields (e.g., BEST 2004; Levine, et al. 2009).
	BEST (Building Engineering and Science Talent). 2004. The Talent Imperative: Diversifying America's Science and Engineering Workforce. San Diego, CA: BEST., Levine, R., Gonzalez, R., and Martinez-Sussmann, S. 2009. Learning Diversity in Earth System Science. Paper prepared for the National Research Council 2010 report. Available at: http://www7.nationalacademies.org/bose/NOAA%20Diversity.pdf.







