Summary of Responses on Geoscience Education Research Opportunities and Needs 
from the 2017 GER Grand Challenges Survey

Cross-Theme Opportunities and Needs (Loosely Grouped by Common Threads)
Looking Across DBER
· Need: We need to be more aware of findings in educational literature outside of standard STEM disciplines (e.g., cognitive science, ed psychology etc.)
· Need: To know who is doing what. Efficient and effective forms of and opportunities for collective discussions - bringing in people who are expert in different areas to tackle overarching problems and share results.
· Opportunity: Boundaries between themes are porous and can take advantage of that: the findings from one theme informs another theme. Esp instructional strategies which connects to many other themes. 
Looking Across GER
· Opportunity: Some themes are have a well-established group of people working on it, are well connected via professional society (NAGT) and resources (SERC), and are well connected to cognitive psychologists and education researchers; which propels the research forward. (e.g., spatial thinking in the geosciences; self efficacy).
· Need: to use these as models for other themes in GER that are not as well developed. Funding opportunities that encourage mutually beneficial partnerships between geologists, education researchers, psychologists, and DBER faculty. More graduate students and more DBER faculty positions in the geosciences.
Geoscience Community Buy-In
· Opportunity: Growing interest in geoscience education community in GER.
· Need: We need to grow the community of scholars: further training/PD to develop researchers skilled in designing DBER projects and in using new research tools/technologies
· Need: Academic and society support for interdisciplinary education/Earth science research 
· Opportunity: Partnerships with research scientists; Partnerships with K-12 and university-level educators. 
· Opportunity: Interdisciplinary research is growing as a proportion of all research, and major challenges at the interface between natural sciences and society will require a workforce that is able to work across disciplines. All of the major funding agencies and corporations have recognized the need for interdisciplinary teamwork skills. It is clear that while general cognitive theories apply, how they can be applied effectively depends on the problem solving context. Hence, there is an opportunity for earth science educators to make substantive, high impact advances on how to train the next generation of natural scientists.
· Opportunity: Published results from surveys, interviews with relatively recent alumni in the workforce and on what knowledge and skills employers want in their new hires. See this as valuable context to prioritize GER directions. 


Assessments
· Need: There needs to be substantial testing of theory-informed designs in classes, workshops, and seminar settings to build up a body of evidence that can lead to best practices. 
· Need: Greater development of widely applicable assessments, instruments, and tools. Including an array of tools and approaches to teaching geoscientific thinking; valid, reliable instruments for assessing students' geoscientific thinking skills
Funding
· Need: Greater funding for geoscience education/geoscience education research overall, and for supplemental grants for GER to existing programs
· Opportunity: Existing funded geoscience projects (e.g., NSF-funded critical zone observatory program) give opportunities to related geo ed research. 
· Opportunity: Some NSF programs (e.g., IUSE Geopath, INCLUDES) provides a good opportunities to pilot programs.
Data Collection
· Opportunity: Learning Management Systems are evolving rapidly, especially in the accessibility and usefulness of learning analytics data of all kinds. Can be used to measure students' knowledge, skills, attitudes, beliefs before, during and after class. 
· Need: These data need to be collected and mined. 
· Need: We need examples (i.e. precedent) of instructors making effective AND efficient use of learning analytics data to adjust, optimize, and enhance learning and assessment strategies that occur entirely online. Especially when these involve peer interactions, peer instruction and peer assessments.
· Opportunity: opportunity to compare earth sciences teaching in different countries
Timeframe and Scale
· Need: more opportunities to study the long term impacts of different approaches/programs (e.g., online courses for subject matter retention) at multi-institutions.  
· Need: To identify research projects that work and scale up/expand. 

Opportunities and Needs Specific to Particular Themes (not all themes came up in comments) 

Opportunities and Needs Specific to Research on K-12 Teacher Education
· Need: Geoscience professionals need to be more active in K-12 discussions about teaching and learning: learning from it and adding to it (pipeline and models, e.g., learning progressions). 
· Opportunity: NGSS opportunity to connect to and build on b/c high emphasis on geoscience in it for K-12. 
Opportunities and Needs Specific to Research on Students' Conceptual Understanding of Ocn-Atm-Climate- Env Sci
· Need: Collaboration/community input to identify and document misconceptions; workshops to design interventions to address the misconceptions that draws on effective instructional models and to design appropriate assessments.
· Opportunity: Opportunities to synthesize and develop research questions out that analysis. For example, comb literature to ID existing misconceptions in ocn-atm-climate-env sci (which hasn't been address as much as geology, solid Earth science). 
Opportunities and Needs Specific to Research on Cognition and Problem Solving
· [bookmark: _GoBack]Need: problem solving tasks and learning scenarios that are cross cutting. A lot of the results are too specific to a certain task and therefore difficult to generalize to geology more broadly.

Opportunities and Needs Specific to Research on Instructional Strategies
· Opportunity: There are many, many 1-hour webinars that address all kinds of instructional strategies. 
· Need: If these were all in some "easy to find" master library, people might use them when they have a chance. Instructors could assign them to graduate students.
· Opportunity: Most geology programs employ field-based experiences and expose students to research, which can help us understand what makes these strategies/tools so effective.
· Opportunity: Established field courses and closeness of the geoscience community enable the study of social networks at the undergraduate level.
· Opportunity:  New systems allow the monitoring student location indoors. Can these systems allow new methods for embedding students in simulations as, for example, agents of change in complex simulations of geoscientific processes?
· Opportunity: With increased online education, virtual outreach, and social media, we can develop opportunities to engage students and scientists in new ways. 
· Opportunity: Online education in particular is growing and increasingly growing at research universities, so there is a clear opportunity at those schools to be proactive in education research regarding online courses and programs.
Opportunities and Needs Specific to Institutional Change and Professional Development
· Need: Data related to impact of geoscience faculty development related to teaching approaches, student learning, promotion, grant success, articles published, students and faculty mentored, service to community (geoscience, local, ....), faculty attitudes (change in attitudes) toward their position, "balance" of faculty time spent on activities
· Opportunity: To study past participants from a wide range of PD programs (beyond Cutting Edge and InTeGrate). May be able to draw on existing models (Cutting Edge, InTeGrate) of survey design and data collection/ analysis. 

