Topic: Sustainable change, scaling, dissemination: what are the challenges, best practices, and opportunities?
Challenges to sustainable change:
Talking about institutional change back at the home institution, after faculty participate in SC?

Faculty time to integrate new knowledge into teaching practices and curriculum. 
Faculty might like to incorporate topics but need time to prepare the integration. That sends it to back burner. Modules (already developed) might be more easily integrated right away, then later integrated in a more personalized way.
Another solution might be to model the method of integration in presenting it in the first place.

Faculty recognition of the importance of supercomputing education 

Educational system has shifted from theory-based to practice-based. Teachers are now teaching how to do something without the theoretical background; we need more balance. 
Solutions might be in project-based education, where the students need to solve a problem (practice-based instructional method) within a larger context. Still need to know some theory to use techniques to problem-solve. Shodor model of teaching might be appropriate: 
Conceptual modeling to using models to modifying models to creating models. Start with hand-waving and then proceed with deeper and deeper depth. However, the discussion may be counterproductive and the answer may depend upon the institutional history and culture. The key will be to avoid locking horns with parties squabbling over which came first. 

At the pre-college level, students are learning the surface level (practice) without the theoretical context. Teaching needs to match testing for the students to be measured as successful. If the testing is inappropriate to the teaching, the students are screwed.

These are also termed “bottom up vs top down” teaching. Computational science can be taught top down as well – show first the benefits and sexy part, then when they know the benefits, they may be interested in learning the details and foundations.

If the current challenge is a “sales” issue, one needs to “sell” with the benefits and discoveries. However, there’s still the challenge posed by those who are already doing computation. They know computation and know the value of computation but they’re not buying into the value of a computational approach.

What is the magnitude of the problem we’re facing?

Numbers of graduates in non math/science fields suggest that we need to appeal to students outside of those fields to expand CS students. The bigger percentage of graduates by far are in business and humanities. Excluding the group may not be the way to grow. There are computational approaches to business that would be interesting. 
Why are we doing the science? To affect people. Initial MSI initiative at SC was from social sciences – SC has been introduced to them. It’s not that it hasn’t been advertised to them, but perhaps not as affectively as it could be. 

One other challenge that could be an opportunity is this: Most college professors use a format and content that they like (often from a book) and modify it for their own purposes. In computational sciences, if we had similar banks of resources, ready-to-use for new instructors, that could be easily adapted, that could help spread the teaching of computational science. Use the platforms we use to distribute data to distribute instructional materials as well. Intro to computational sciences (freshman, sophomore) is one example that is general but hard to take to a deeper course. It does include some projects, and is based on system dynamics. Can be used for introduction to calculus. The alternative is one that’s geared for a specific field. It’s very useful to have the textbook or tools to start the modeling before the programming. Schifflet book is very project-oriented.
If we look at standards at the high school and middle schools, where does computation figure in? For sustainability, computational science must start at the K-12 level. One approach would be to approach policy-makers. One way to start this whole enterprise would be to approach the national organizations for teachers (math, science, chemistry, etc.). If people are not coming to supercomputing, is it possible to take supercomputing to them. (NSTA, local science teachers associations).
Some words from the teachers:

If you give them pre-packaged modules (ready-to-go), they’re happy. If you ask them to develop lesson plans after the fact, it won’t happen. They are constantly pressed to assess their teaching. Therefore, it’s important to also create the assessment tools and metrics that they can use. Each module must include the metrics, assessment, and links to current standards. Current paradigm of project-based learning is successful when it does that. The materials that we’re talking about adding may be very amenable to project-based learning modules. Many people interested in project-based or problem-based learning are concerned with the weakness of content. However, studies show that the best lectures in the world yield just a 14% retention rate (long-term), while the figures for project-based are much higher (implied – no numbers offered).
Problem-based approach to teaching can also be a fighting flag for traditional teachers. There are some very effective traditional teachers, and their skills need to be recognized and included in the mix. Use outcome data to support the approach. The results may show that the most effective approach may be the one that the instructors are most comfortable with.

One approach – show the importance of computational science in each field. Show the value of supercomputing in each field. Need a virtual calling card – focus on nuggets. Couple with the resources. Make the science into interactive education. Each module should also have the relevance of that learning in everyday life.

Is there a single place that presents those values? Could we do it with a web site (resource) that provided those values? 

Are there also education nuggets? Can we show accomplishments of students using these resources? Social networking may be an essential part of the success model. That also closes the gap between the activities of students and the activities of scientists – the students can be stimulated to learn how close they really are.
Can students post their successful computational science projects on myspace.com? That’s a way to create visibility for computational science. We could also use facebook (college students only). They must have an institutional e-mail to post on facebook. Go into the avenues that people already use, rather than force them to come to us. 

Could the posting of the projects be a part of SC? Add that to the student activities of SC. The things created become outcomes, and the hit numbers can be another outcome. 
This leads into the issue of scaling. This provides one way to scale it up. 
Dissemination – teacher conferences, materials ready-to-go for teachers, values web site.
CSERD is one that presents that (it is a portal to reach and search for resources to teach computational science). 
EOT.org
Is there a way to not only target schools (to recruit students to SC and CS) but can we also use competitions, google Summer of Code (http://code.google.com/summerofcode.html) , other web-based activities?

Pathways to SC includes a student competition. 
Are we talking only about US student participation? If we go to google, we’ve expanded to international participation. Who pays the bill for SC? ACM is an international organization and they might not mind. NSF might object, though. 

Parents also need to be considered in the mix. Some of the issues that we talked about need to show visible parent-friendly metrics. 

Support

Social, Emotional, Financial

Upkeep, maintenance, and updating of educational resources

Maintaining usability with old operating systems

Access to hardware and software ($ for educators)

IT support at colleges and high schools – can be done by students if they are properly trained. Examples could be highlighted at SC to show educators that they don’t have to tackle the whole “system” in order to do computational science.
Coupling computational science with technology education can be presented as a strategy to sustain and implement computational science at their own schools. Workplace skills are also part of the curriculum. Service learning programs can also get involved.

Students see relevance through real-world connections. They feel useful and productive while they’re providing a service. Some go beyond technology support education to move into computer science as their interest builds. This strategy is useful from secondary school through college. 
We could offer a session or two for educators at SC on things that will help them make an impact then they return, what else would we want to provide:

Information Technology support programs (help them to overcome digital divide)

Problem-solving techniques
Local fund-raising (in-kind, small grants) – potential sources of support
Community support
On-line support: forum, FAQ, Q & A, Ask a Techie, 
Community development (peer support) – needs critical mass.

Human interaction is essential for successful support. 
How can we build a support service for SC? Can we collaborate with “Ask a Scientist” services from other organizations? 
If used as an evaluation tool, can budget it within evaluation. 

Collaborate with other “Ask a...” services, investment from SC won’t be so big.

In summary, the two biggest items are:

Make sure we have a session at SC on support including ways to provide IT support at home institutions; and

Introducing them to an “ask-a” service that will continue beyond the SC program.

How early can we start? 4th – 6th graders can be introduced to analytical thinking, C programming (to solve geometry, Newtonian mechanics problems). With an early introduction to C, the step to C++ is not difficult.
