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Past waves of federal investment—in the Internet, Learning Sciences research, and in instructional materials—set the stage for a transformation of STEM education. However, despite widespread enthusiasm for the potential of cyberinfrastructure in learning and strong efforts to conceptualize the infrastructure of networked learning communities, existing reports do not have a strong vision for the instructional content of networked learning. This essay argues for a timely, targeted and ambitious initiative aimed at Blue Sky STEM Learning Designs—complete learning designs, including learning progressions, instructional activities, conceptual tools, and formative assessments, etc. which deeply reconceived for the age of cyberlearning. In particular, it argues that a new generation of Learning Designs is needed that responds to the core realization that STEM learners develop the knowledge and passion across settings that include school, outside school projects, and interest-drives, informal activities.
Although it is well understood that technology enables profound societal changes, the biggest changes are often unexpected and dramatic. For example, I would not have guessed how quickly paper maps have become irrelevant to me, all my music listening involves Apple products, and I watch more movies streamed over the Internet than I watch on cable TV or in theaters. When new possibilities, unmet needs, and participatory enthusiasm suddenly align, change accelerates.

Arguably, a similarly broad change, one that has been on the radar for at least 15 years, is about to effect school age children: the change from paper to digital textbooks. Electronic readers, such as Amazon’s Kindle or Apple’s iPad, are accelerating rapidly in quality and affordability. Today’s teachers and students assume an infrastructure of connected digital devices throughout their everyday lives and increasingly expect the Internet to be available at school (Project Tomorrow, 2009). Excellent examples of digital learning tools that deeply enhance STEM education are available to us for uses such as visualization, modeling, and simulation (NSF Task Force on Cyberlearning, 2008). The technological, social and educational factors that would support a change from paper to digital learning materials are coming together in the environment of education (Lewin, 2009). Yet, significant  change toward digital STEM curriculum has not yet occurred and there is no systemic or planned movement in that direction. 

Educational systems are typically very slow and resistant to change. However, an additional factor makes the present time atypical. In the United States, state governments face a budgetary crisis that is severely effecting education. Consequently, states are now willing to question a key financial assumption of the existing school finance regulations: that instructional materials budgets are exclusively for the purchase of paper textbooks (Salpeter, 2009). Because of such regulations, technology has been an “extra” funded in the margins of school finance. States are now willing to erase the line between paper and digital materials and purchase either. Removing a regulatory requirement to buy paper textbooks will increase the market for digital learning materials by orders of magnitude. It is reasonable to expect that rapid investment will follow and the pace of innovation will accelerate as new and old publishers compete to produce and sell digital STEM instructional materials.

Further, the movement to new “common core state standards” is preparing states to retire old instructional materials (see http://www.corestandards.org/). By all accounts these materials need to be retired. The old paper textbooks have grown bloated, incoherent and almost unusable – an average Algebra text now weighs in at 1000 pages, but covers no more topics than much thinner texts of years ago (National Mathematics Advisory Panel, 2008). It seems hard to imagine how stakeholders could defend purchase of more of today’s textbooks if better alternatives were available, particularly if they are also more economical. Thus, although educational systems are ordinarily very slow, the funding crisis at the state level and the misfit between existing textbooks and new core standards could make the change from paper to digital instructional materials unusually fast. 

Change and the NSF Context

As Joan Ferrini-Mundy reminded attendees at the beginning of the first Blue Sky Workshop, NSF thrives on the steep part of the learning curve. Once innovation in a field slows down, it is time for other agencies (as well as the commercial market) to take over. This slow down has already occurred for educational technologies and curriculum materials that NSF invested heavily in approximately 15-20 years ago, such as scientific probes, programming languages for children, dynamic mathematical representations and curriculum materials based on new visions of school mathematics and science. These tools are now readily available through commercial and open source vendors and there is less opportunity for discovery and innovation through NSF funding. It is now time for NSF to rethink funding priorities to move back to the “steep acceleration” portion of the learning curve. 
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Figure 1: The Learning Curve

Getting back to “steep acceleration” in learning research requires questioning assumptions that are taken for granted in now-mature approaches. For example, educational researchers are asking:

· What can classroom spaces look like?

· How can we better allocate students’ time to stimulate deep learning?

· Is STEM learning primarily in school?

· How should the organizational struture of digital textbooks be different from paper textbooks in enable greater STEM learning? 

· Can we connect learning across formal and informal settings?”

Getting back to “steep acceleration” in learning research also requires paying attention to powerful trends that are clearly shaping the future. For example, the student body is now mostly Hispanic in large regions of the country. In general, student body diversity is a powerful trend and critical to the nation’s supply of future scientists and engineers. Likewise, personal and mobile technologies are here to stay; students will certainly be carrying advanced communications and computing devices everywhere they go and will expect connectivity, computation and information to be available whenever they need it. “Sequestered problem solving” is a more and more unrealistic expectation for any meaningful endeavor – people will not have to solve difficult problems alone and without computational resources – leading to fundamental questions about the validity of curriculum and assessment approaches that focus on performance in isolated and information-poor settings. 

Other factors in the environment are powerful and more stable. Attendees at the first Blue Sky workshop felt certain that teachers will remain important. Curricular coherence is an intrinsic requirement for STEM disciplines, in which knowledge must be built systematically. Common standards are also likely to be a stabilizing force in years to come.

Getting back to “steep acceleration” also requires paying attention to uncertainties in the environment. Budget cuts at the state level may profoundly shape schools, in ways that are still difficult to determine. For example, virtual schools may blossom under budget cuts. Trends that seem important now, like the “E” in STEM, may whither given the material costs of providing sophisticated hands-on engineering experiences. We also are witnessing enormous U.S. Department of Education investments through the Race to the Top and Innovation Fund programs. The on-the-ground impacts of these huge investments are presently very hard to predict. 

Foundations for Steep Acceleration

Launching a rocket is impossible without a strong platform and steady scaffolding. Just as the rocket needs a platform and scaffolding, so does an NSF community that seeks to move to the steep part of the learning curve. Continuing the metaphor, the “platform” could be a common knowledge base of how to use technology in learning, grounded in the Learning Sciences. The “scaffolding” could be a set of guiding values and principles that shape the paths research and development projects will take. 

Although the Learning Sciences communities have professional organizations, journals, and a handbooks, there isn’t a grand unifying theory that neatly summarizes the foundations for the future. Nonetheless, a sense of common foundations is palpable. A number of these foundations surfaced as common beliefs during the Blue Sky Workshop, including:  

· It is important to find new ways to grab and extend students’ deep cognitive engagement in powerful learning environments.

· The design of powerful learning environments must follow from detailed understanding of how students learn specific content as well as an enriched understanding of what is most important and generative within that content.

· Learning progressions and learning activities will replace the traditional “scope and sequence” and lesson plans. Progressions highlight subject matter coherence and connections, not just an ordering of topics. Explicit plans for how teachers and students will interact around content and resources are needed.

· The focus of assessments will be increasingly formative; that is, assessments that are timely, meaningful, and informative.

· A focus on metacognition, thinking, and collaboration skills can be as important as a focus on subject matter content.

Learning scientists also tend to share some common values, which shape projects to design new learning materials. We tend to value hands-on learning, playful environments, nurturing of students’ curiosity and aesthetics. We also tend to value deep understanding of foundational STEM content and the occasions and conditions that allow students to have wonderful ideas and the respect of their teachers and peers. Most importantly, learning scientists predominantly work in applied settings and therefore base much of what they do in first hand experiences with great teaching and inspiring learning, as well as first hand experiences with the barriers and obstacles in schools and other environments.

In addition, although not exhaustive of technology’s possibilities, there are now a number of links between technology and advanced STEM learning that have been firmly established and form the basis for research-based design principles:

1. Representations (including visualizations, simulations, modeling and graphing tools), when designed around a deep understanding of mathematics and science, can provide powerful opportunities for conceptual learning.

2. Knowledge building tools (including collaboration scaffolds, tools for visualizing shared knowledge, concept mapping tools), when designed around the deep structure of social learning tasks, can deeply enhance students’ social engagement in discussing, arguing, explaining, reflecting, critiquing, and other higher order thinking activities.

3. Interactive feedback systems (including intelligent tutors, classroom displays that aggregate student work meaningfully, and formative assessment systems), when designed to deliver feedback rapidly, comprehensibly, and helpfully, can enable student self-regulation and teacher adaptiveness.

The Opportunity
Due to a convergence of factors in school finance, common standards, and technology capabilities, an opportunity for rapid change in STEM teaching and learning now exists. Further, this opportunity is met by a desire at NSF to move again to the steep part of the learning curve and utilize a body of knowledge from the learning sciences that could provide a foundation and guidance for a launch of a major new initiative. 

This opportunity for change should not be wasted. There is broad agreement that the nation’s STEM programs need an overhall in order to produce a steady supply of future innovators and educate all children for a technological world (National Academy of Science, 2005).  An opportunity to change the educational content and corresponding instructional approach can offer huge leverage for how teachers teach STEM and how students learn. In fact, curriculum and digital content are arguably the biggest levers available to reform-minded educators (Schmidt et al., 2001).  But there is no guarantee that a switch from paper to digital instructional materials will be transformative: schools could settle for a new medium without demanding real innovation and higher quality in the content of the materials. 

Consider the change to iTunes or Kindle for music and books. iTunes has not changed the structure of music; we still listen to 3 minute songs, a length that was dictated by recording time available on a vinyl disc spinning at 78 rotations per minute. We still read the same books, too. Quality has not been improved (e.g. music quality is of lower quality than on CDs or vinyl records), rather cost and convenience factors have dominated consumers transition to digital media. Following the analogy, it is possible that schools would purchase digital curricula for cost and convenience factors as well and that these materials could be of even lower quality than today’s textbooks. Even if digital learning materials have the same structure and content of paper learning materials, the present opportunity will have been wasted. Our nation’s students will not be better prepared in critical STEM disciplines merely because the same old content is now accessed in digital form. Our children need the transition to digital materials to be a transition to higher quality.

A timely, targeted, and ambitious federal investment in Blue Sky STEM Learning Designs could make the critical difference – the difference between “old wine in new bottles” and transformative applications of the new capabilities of digital media to engage students in learning some new and some old STEM content. The National Science Foundation is already committed to extending its important cyberinfrastructure initiative to cyberlearning (NSF Task Force on Cyberlearning, 2008). As currently conceived, however, cyberlearning remains infrastructural: the focus is on interoperable platforms, promoting open tools and open content, and on infrastructural innovations. Should NSF investment in cyberlearning remain confined to “infrastructure” or should NSF embrace the opportunity to redefine STEM content and the nature of tangible learning environment for the age of cyberlearning?
There are legitimate questions as to whether NSF’s mission should include the production of the core materials routinely needed by schools. On one hand, proponents can point to the strong role of NSF-funded mathematics and science materials in demonstrating that all students can learn science inquiry and develop a connected understanding of mathematics. On the other hand, opponents can argue that curriculum production is a routine business and NSF should remain focused on the steep, innovative part of the learning curve. While continued work on cyberlearning infrastructure (e.g. platforms, openness, rich data and search services) is certainly needed, the remainder of this essay will argue in favor of a strong, well-funded focus within cyberlearning on Blue Sky STEM Learning Designs by advancing four points:

1. Aligning an emerging cyberlearning landscape with scientific research on how people learn offers an opportunity for enormous impact on the pipeline of youth willing and able to pursue STEM coursework and careers.

2. Realizing this alignment requires developing Blue Sky STEM Learning Designs that supports students learning trajectories across traditionally separate sites of learning, for example, school, museums, extracurricular activities and peer networks.

3. The federal government, through NSF, has both the research knowledge and the experience in all areas of STEM learning to foster Blue Sky STEM Learning Designs, but to date has taken a balkanized rather than coherent view of formal and informal learning settings. 

4. Fostering an innovation community focused on connecting learning across a cyberlearning ecosystem through Blue Sky STEM Learning Designs could be a game-changing move at a time of rare opportunity, decisively advancing preparation of the next generation of STEM talent. 

The Emerging Cyberlearning Landscape

The most striking feature of the emerging cyberlearning landscape is that it transcends school (Chan, et al, 2006).  But then, so does the development of childrens’ trajectories towards STEM careers—students develop their interests and passions for science in science fairs, museums, robotics competitions, with parents, and through many venues that extend beyond classroom walls (Barron, 2006). The fundamental reason for NSF to take a lead role in Blue Sky STEM Learning Designs is this: Aligning this emerging cyberlearning landscape with emerging understanding of how children learn socially, cognitively, and across settings offers the best leverage for deepening and enhancing the pipeline of youth with the passion and knowledge to continue in STEM education and careers. 
One way to visualize the cyberlearning landscape is according to a graph representing a long-tail learning ecosystem (Brown & Adler, 2008). As represented in Figure 1, the vertical axis of graph depicts the number of students involved in a particular learning experience (or using particular learning materials). Different experiences (or materials) are arrayed on the horizontal axis, from the most common to the most personalized. At the tall part of the curve are learning experiences that are taken “in common” with many other students, for example, courses in K-12 schools that all students take pursuant to core standards. At the short part of the curve is a very large set of highly personalized materials and experiences, but with rather few students involved in each. 

A new feature of the Internet age is that problems of distribution no longer limit the market to the tall part of the curve (Anderson, 2008). For example, whereas a conventional bookstore could only afford to have more popular titles, an electronic bookseller can serve the “long tail” of small interest groups. Thus, in general, the Internet allows companies to thrive by capturing markets in the long-tail, not just mass consumption markets at the tall end of the curve.
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Figure 2: Long Tail Learning Ecosystem
I believe that the long tail curve will shape the landscape for STEM learning as well. At one end, students can have extensive new opportunities to develop and shape their interests in STEM learning. Optimally, there would be niches in the ecosystem that grab the interest of every child and create a powerful, authentic opportunity to learn a little bit of STEM content but equally importantly create the motivation for students to continue to pursue STEM pathways in their future. Thus, some students might play scientifically-inspired games, others might become intrigued by live videos from a scientific expedition, others might call upon a remote mentor for a science project they are doing at home, and others might use fiction or history to develop STEM interests. There is really no limit to how we could personalize learning opportunities to attract many more children and nurture their desire to learn more STEM content in the future.

For interest-driven experiences, the main benefit of digital cyberlearning may be the opportunity for extensive personalization to meet children where they are and develop their passion and commitment for future STEM learning.
It is a mistake, however, to assume that ALL education will be highly personalized. There are two reasons why it won’t. First, learning a STEM discipline requires highly coherent, highly structured curriculum over an extended period of time (National Mathematics Advisory Panel, 2008; Schmidt, 2001). Although the best students might be able to learn from bricolage of found materials, most students need to be guided through a very carefully planned and executed sequence to develop understanding and mastery of complex concepts and skills. Our society will never be able to afford to provide every student with a uniquely personalized but equally well-planned and executed curriculum. It will be more important to provide everyone with a sound curriculum (common core). Second, society will insist on standards and accountability for core disciplinary STEM content. This will necessarily drive convergence towards materials that can be shown to work for large numbers of students. Thus, in the tall region of the learning ecosystem, very large numbers of students will be engaged in learning with very similar materials. 

These core materials, however, do not have to look exactly like current instructional materials (textbooks).  In an earlier article (Patton & Roschelle, 2008), we argue for a “thin core” approach. In this approach, educators agree on a lean foundational learning progression, with the most essential content – coherent and complete in the sense that this would be all that advanced learners would need. In mathematics, this lean content would include key definitions, algorithms, concepts, worked examples, and a few well chosen problems – much like textbooks used currently in some high performing countries, such as those found in Singapore, Japan and Finland . Digital media would allow for rich extensions to be embedded and attached to this “thin core” to support a wide variety of learners. For example, extensions could include interactive, dynamic representations, integrated tutors that provide feedback during problem solving, and “Universal Design for Learning” adaptations to ensure opportunity to learn for individuals with varying interests and needs. Thus, instead of today’s bloated “one size fits all” textbooks, 21st century learners could experience a lean, essential core complemented with focused extensions and adaptations to support their own learning needs and preferences.

For common core experiences, the main benefit of cyberlearning may be restructuring around a “thin core” which provides a coherent backbone for an abundance of focused extensions and adaptations for specific learning needs and preferences.  

What about the middle of the landscape? Here we will find “projects” that are less formal than disciplinary school experiences but better organized and populated than niche, personalized materials. Robotics competitions (e.g., http://www.usfirst.org/) are present-day examples of a non-school, semi-formal STEM activity. These robotics activities engage students in developing designs that address a common challenge over an extended period of time and provide extensive mentoring. Similarly, many serious games will exist in this middle space; serious games can draw large audiences of school-age children and offer a fairly common, long-term experience for the participants, but are not constrained to be structured in the same way as learning a STEM discipline (Neulight et al., 2007; Squire, 2007; Schaffer, 2005). It seems quite likely that the greatest learning benefit of activities in this region will be the opportunity to participate in an authentic learning community with longevity and substance (Barab., et al 2005). Through such experiences, students can develop identities as STEM learners (Gee, 2007).

In the middle, cyberinfrastructure, the main benefit of cyberlearning may be achieved through participation in a social community of learners working on similar challenges, cultivating similar values, and developing identity.  
The potential for different learning benefits in different regions of the learning ecosystem curve argues against the prevalent idea that one region of the ecosystem (or one benefit) will dominate all the others. For example, it is unlikely to be the case that the middle “games” and “projects” region will replace school, or that all learning can become as personalized as it is in the low part of the long tail distribution. In contrast, the exciting fact is that all students will have opportunities to learn across all regions. Indeed, because of the distribution efficiencies of cyberlearning materials and experiences, a learning market that was formally balkanized with most of the money placed on the tall end of the spectrum can now be more connected across the whole spectrum. 
The ecosystem could be usefully organized around a “cultural commons” that aligns schools, museums (and like institutions) and homes as places of learning, while building on the unique attributes of each.

An emergent idea from the Blue Sky workshop, articulated in the paper by Sherry Hsi (2010), describes a plan in which children’s learning time is more thoughtfully balanced across school settings, after school and informal settings, and homes. The cultural commons concept challenges the community-based consortia to weave together their unique capacities to create more “seamless” learning opportunities across traditional boundaries. Cyberinfrastructure, of course, can be a key enabler for linking together activities in disparate places. 
NSF’s Leadership Position

Due to its responsibility for nurturing future citizens’ STEM abilities, NSF has a mission that includes responsibility for the nation’s learning ecosystem for developing STEM talent among our youth (National Science Board, 2006; Wing et al, 2010). Further, NSF has always invested across learning ecosystems: in creating new textbooks for mathematics and science (tall region of the curve), sponsoring development of new materials for informal (e.g. museum) learning (middle region), and supporting outreach efforts that engage small numbers of kids with mentors or provide access to scientific data (highly personalized region).  The result of these investments has been the community represented at the Blue Sky Workshops; an active learning sciences community with high quality research credentials that is also somewhat balkanized by the quirks of funding programs. 

To date, the community has not had a mechanism to taken responsibility for their knowledge and activities as a continuum or spectrum that forms a coherent learning ecosystem. A full spectrum, highly connected learning ecosystem perspective is now needed.

Without federal investment, we will likely see digital content remain highly balkanized and incoherent. Publishers have already noticed the market shift to digital materials and are making digital science and mathematics textbooks, but these are likely to be much like old textbooks but in digital form that allow for limited degrees of choice and personalization. Other companies will continue to produce highly successful games that attract a large following among youth. Nonprofit organizations will continue to sponsor engineering competitions and the like. But these efforts will not be part of an ecosystem, but rather a montage of almost completely unrelated experiences. For example, a mentor in a robotics tournament will not be able to identify learning modules from a child’s core school curriculum relevant to the mathematics of a particular timely engineering challenge, and thus will not be able to link school and out-of-school projects. A school teacher will have no idea of the personalized niches in which students have nurtured their own interests in science and shown considerable capability (Bell et al, 2009), and thus may miss opportunities to engage and motivate students with disciplinary subject matter. And providers of niche learning experiences may remain underfunded and unappreciated because they cannot show linkages between the ways in which they develop students’ interests and the core content that schools are accountable for. This community has the latent capability to address cyberlearning as a coherent ecosystem for the development of K-12 students interests, skills and knowledge in STEM. The opportunity will be missed if funding is only available for infrastructure and does allow cross-fertilization of the experts working on Blue Sky Learning Designs (including details of the tangible learning environment, the content, the instructional routines, the assessments, etc.). The nation needs a new generation of learning designs that coherently bridges across the cyberlearning spectrum of experiences to draw youth into STEM trajectories and foster accelerated growth in their skills and knowledge.
Here are some examples of research questions that a Blue Sky community, once suitably focused on the continuum of learning designs, might address:

1. What is the nature and structure of digital STEM materials that support greater coherence in core disciplinary learning as well as in less formal, interest-driven activities? 

2. How can cyberinfrastructure enable us to track (and measure) students learning across formal and informal settings in ways that inform teaching and increase collaboration across settings? 

3. How can cyberlearning environments support learners’ processes of weaving together a range of informal and formal experiences that support their growing identities as a STEM learner?

Note that these are all questions that expand across the learning ecosystem – implying that regions of the ecosystem should be related and coherently support students’ development in STEM. The important observation is that without federal investment it is unlikely that any other party in the ecosystem will take responsibility for the coherence of the whole. Because of NSF’s responsibility for nurturing the pipeline of future STEM innovators and the need to increase the capacity of all citizens to participate in an advanced scientific civilization, the Blue Sky community could reasonable ask NSF for support around the issue of structuring the content of the learning ecosystem to coherently and comprehensively support all students’ development of STEM interests and knowledge.

Investing in a Blue Sky STEM Content Innovation Community

Today’s STEM learning technology accomplishments were built upon a large investment in people and innovation that NSF made approximately 15-25 years ago. This investment yielded new inquiry science curriculum, new standards-based mathematics textbooks, better approaches to teacher professional development and powerful simulation, visualization, representational and modeling tools. Equally important, the investment nurtured a community of people who think innovatively about the future of STEM education. Of course, the features and structure of today’s emerging cyberlearning ecosystem was not envisioned 15-25 years ago. Many of the people in the existing STEM learning innovation community are now approaching retirement and many of their skills were honed in an era with different possibilities. In the intervening time, funding for innovative STEM materials has been tight; we have been through a time where more focus has gone into increasing the rigor of educational research. Consequently, NSF’s Cyberlearning report (NSF, 2008) relies heavily on examples and ideas that were germinated 15 or more years ago.

To address the opportunity for a transformative cyberlearning ecosystem, a Blue Sky Learning Design community could make a deliberate move to the rapid growth part of the learning curve, focused on a continuum of STEM learning experiences. At a minimum, this community must include:

· Learning Science researchers, and particularly those developing theories that connect formal and informal STEM learning, and include not just cognitive learning, but also social participation and the formation of identity.

· Disciplinary experts who deeply understand the foundations of modern science and can boldly envision ways to restructure the content to address what learners need to know in the 21st century.

· Technological innovators with deep knowledge of the affordances and potentials of cyberinfrastructure and ability to build exemplary new boundary-spanning learning experiences using such capabilities as cloud computing, social networking, and serious games.

· Researchers with expertise in working with schools and teachers but also with museums, community centers, parents and youth. 

The seeds of this new “steep learning curve” Blue Sky community can be found in prior NSF work: NSF has funded learning science research, for example through the Science of Learning Centers. NSF has an engaged community of disciplinary researchers in all STEM areas with interests in outreach to education. Likewise, NSF’s reach already includes innovators and researchers needed to address the challenges of content for the age of cyberlearning. Many suitable focus areas emerged during the Blue Sky workshops. For example, community building could focus on “thinking with data” as a broad organizing theme or “computational thinking” as another possible theme.  Deep dives into particularly important learning challenges or the need to evolve tools and techniques for advanced digital textbooks could be another motivator for community building.

What this latent community needs to catalyze its growth is a new ambitiously funded interdisciplinary program with enough resources and longevity to catalyze connections among different perspectives and focus on the questions of how to structure Blue Sky STEM Learning Designs to maximize development of childrens’ interests, knowledge and skills in STEM across a cyberlearning ecosystem.

Conclusion: An Opportunity for High Innovation and Impact

The federal government must focus its limited R&D resources in areas where innovation is accelerating. I have argued that innovation is about to accelerate dramatically in the design of STEM learning designs because multiple factors are coming into place: 

· Technology: emerging infrastructure to support cyberlearning

· Society: digital native kids and their teachers expect ubiquitous connected digital devices throughout their lives

· Learning: researchers are demonstrating that all students can learn more deeply when technology is used to restructure curricular content around such capabilities as visualization, modeling, representation, and simulation. 

· Finance: state budget shortfalls embolden legislators to question regulations requiring schools to buy paper books.

· Curriculum: new common core standards and unsatisfactory paper textbooks motivate educators to contemplate radical change.

These complementary factors suggest that now is a time when high innovation is possible. Further, NSF has already invested in the talent and knowledge base necessary to assemble the interdisciplinary communities that could take on the challenge of Blue Sky STEM Learning Designs and create groundbreaking examples that make it real. These examples will be badly needed to prevent a de facto shift to digital curriculum that is simply a repackaging of paper curriculum into digital form, without deeply leveraging the new affordances of the medium. Further, research will be needed to show how we can realize the promise of a STEM learning ecosystem, overcoming a tendency to balkanized models that only examine one region of the ecosystem and fail to trace how learners and teachers can traverse and connect the regions. The nacent Blue Sky STEM Learning Designs community should organize itself to seek the funding it needs for the rapid acceleration along its learning curve that is now possible. A large, timely, ambigious investment is required. Many federal agencies might rise to this challenge, and certainly NSF, with its history create in STEM learning, its desire to move to the steep part of the learning curve, and the obvious benefits to NSF’s mission of enhancing STEM learning across the continuum of learner experiences – certainly the community ought to have discussions with NSF to see if NSF might wish to be part of the solution. If a suitable funding program can be obtained, the nacent Blue Sky Learning Designs community could rapidly build a powerful set of examples, research, and dissemination pieces that shape the shift from paper to digital learning materials in ways that transform the next generation’s opportunities to develop disciplinary, participatory, and passionate trajectories of STEM learning.  

References

Anderson, C. (2008). The long tail: Why the future of business is selling less of more. Hyperion. 

Barab, S., Thomas, M., Dodge, T., Carteaux, R., & Tuzun, H. (2005). Making learning fun: Quest Atlantis, a game without guns. Educational Technology Research and Development, 53(1), 86-107.

Barron, B. (2006). Interest and self-sustained learning as catalysts of development: A learning ecology perspective. Human Development, 49, 193-224.

Bell, P., Lewenstein, B., Shouse, A. W., & Feder, M. A. (Eds.). (2009). Learning science in informal environments: People, places, and pursuits. Washington DC: National Academies Press.

Brown, J.S. & Adler, R.P. (2008). Minds on fire: Open education, the long tail, and learning 2.0. Educause Review, 43(1).
Chan, T. W., Roschelle, J., Hsi, S., Kinshuk, Sharples, M., Brown, T., et al. (2006). One-to-one technology-enhanced learning: An opportunity for global research collaboration. Research and Practice in Technology-Enhanced Learning, 1(1), 3-29.

Gee, J. (2007). Learning and games. The John D. and Catherine T. MacArthur Foundation Series on Digital Media and Learning, 21-40.

Hsi, S. (2010). Reflections on the Future of STEM Learning – A Cultural Commons. Unpublished paper written as a reflection on the Blue Sky Workshop.
Lewin, T. (2009). In a digital future, textbooks are history. New York Times, August 8, 2009. Available at: http://www.nytimes.com/2009/08/09/education/09textbook.html 

National Academy of Science. (2005). Rising above the gathering storm: Energizing and employing America for a brighter economic future committee on science, engineering, and public policy. Retrieved 6/28/2008 from http://www.nap.edu/catalog.php? record_id=11463.

National Mathematics Advisory Panel (2008). Foundations for success: The final report of the National Mathematics Advisory Panel. Washington DC: U.S. Department of Education.

National Science Board (2006). America's Pressing Challenge: Building a Stronger Foundation. Arlington, VA: National Science Foundation.

Neulight, N., Kafai, Y., Kao, L., Foley, B., & Galas, C. (2007). Childrens’ participation in a virtual epidemic in the science classroom: Making connections to natural infectious diseases. Journal of Science Education and Technology, 16(1), 47-58.

NSF Task Force on Cyberlearning (2008). Fostering learning in the networked world: The cyberlearning opportunity and challenge. Washington DC: National Science Foundation.

Patton, C. & Roschelle, J. (2008). Why the best math curriculum won’t be a textbook. Educational Week, May 7, 2008. Available at: http://www.edweek.org/ew/articles/2008/05/07/36patton.h27.html

Project Tomorrow (2009). Selected National Findings: Speak Up 2008 for Students, Teachers, Parents & Administrators. Available at http://www.tomorrow.org/docs/SU08_selected%20national_findings_complete.pdf
Salpeter, J. (2009). Textbook deathwatch. Technology & Learning, 30(1), 26-29.

Shaffer, D. W. (2005). Epistemic games. Innovate 1.6. Accessed February 22, 2008, at http://www.innovateonline.info/index.php?view=article&id=81
Schmidt, W. H., McKnight, C. C., Houang, R. T., Wang, H. C., Wiley, D. E., Cogan, L. S., et al. (2001). Why Schools Matter: A Cross-National Comparison of Curriculum and Learning. San Francisco: Jossey-Bass.

Squire, K. D. (2007). Games, learning, and society: Building a field. Educational Technology, 4(5), 51–54

Wenger, E. (1999). Communities of practice: Learning, meaning, and identity. Cambridge University Press.

Wing, J., de Strulle, A., Ferrini-Mundy, J., Hirsch, H., Lim, S-S., Maher, M.L., Rom, E., Winter, S. (2010). Connecting learning and education for a knowledge society (discussion draft).

Please request updates
1
Draft of June 14, 2010
before citing

