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Abstract: The aim of this symposium is to explore a number of different approaches to providing scaffolding of collaborative activities in inquiry learning in science that are adaptive to context, that support coordination of activities across contexts and that take account of individual variation in learners’ and teachers’ preferences and motivations.
Introduction
The aim of this symposium is to highlight issues in collaborative inquiry science learning that have challenged researchers when designing technologies for the support of learners and teachers, and to advance a discussion about how these issues can be addressed. We will explore a number of different approaches to providing scaffolding of collaborative activities in inquiry learning in science that are adaptive to context, that support coordination of activities across contexts and that take account of individual variation in learners’ and teachers’ preferences and motivations. The session involves four papers, each of which describes a project on inquiry learning in science that involves collaborative activities of varying types and in various settings.  

The first paper focuses on the characteristics of patterns of collaboration amongst learners that lead to more effective forms of inquiry and discusses the design of technology to enable teachers to monitor and reflect upon these patterns of their students’ collaborative activities in order to provide timely and flexible guidance. The second contribution raises issues about reconciling the challenges of supporting collaborative activities, where individual learners’ inquiry activities need to be shared, with the need to support personal inquiry, which at times learners may wish to keep private – i.e., sometimes personal inquiry learning in science can be too personal. These challenges are particularly acute in classroom contexts where it is difficult for learners to be anonymous.  The third paper focuses on how to provide scaffolding of collaborative activities and workflows across different contexts and settings, via mobile devices and web 2.0 technologies. The final contribution takes a slightly different approach to the need for scaffolding to be adaptive to particular learning contexts based on emerging (rather than static) learning objects that are created and shared by students themselves and where adaptive support is provided via pedagogical agents.  The common themes across the different projects described in these contributions include the challenge of providing scaffolding within and across co-present real time as well as online contexts, when there may sometimes be sensitivities around revealing individual learners’ contributions, and that allow teachers as well as learners to be involved in the adaptation to contexts.

The session will begin with a brief introduction to the issues, followed by a 15 minute presentation of each paper.  There will then be a short summary by the discussant to draw out some of the common themes, followed by a 15 minute discussion session that is open to the floor.  The session will end with a very short summary of the key points emerging from the symposium. 

Designing effective collaborative inquiry with new technology
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New technologies have both extended the opportunities for research on collaborative inquiry and produced new insights. Based on research on knowledge integration, we have reformulated WISE, the Web-based Inquiry Science Environment to support promising student activities around exploration of complex visualizations such as a NetLOGO model of global climate change, added teacher supports for progress monitoring and communication with students, and identified patterns of activities that lead to successful collaborative inquiry.
Our prior research shows how to design effective inquiry projects that are conducted collaboratively by students working in pairs. Recently we have ported WISE to SAIL, the Scalable Architecture for Interactive Learning, which has extended our capabilities for collaborative inquiry. We have used these new technologies to study contemporary controversies asking students to discuss topics like climate change, controlling malaria, or reducing the risk of asthma.

This presentation highlights results from several studies of the global warming controversy conducted by members of the Technology Enhanced Learning in Science (TELS), NSF funded center. We have investigated global climate change in both a week-long project and a 10-week curriculum that uses wiki technologies to scaffold whole-class collaborations to supplement the climate change model. Both projects use a NetLOGO model of climate change embedded in a technology-scaffolded project.  

From these studies we have identified collaboration patterns that enhance instruction. Consistent with many studies, we find that debates are more successful when students first generate all their ideas and then develop their argument. In addition, during debate preparation, it helps to explicitly develop criteria for distinguishing among ideas, a step that is sometimes skipped in collaborative inquiry. Finally, adding a summary report after a face-to-face debate strengthens student understanding. The summary encourages individuals to reflect on the ideas they learned from working with their peers.

We have used SAIL-based technologies to open up new opportunities for teachers to gain valuable information about their students’ ideas during collaborative inquiry. We have designed a new “teacher dashboard” that motivates teachers to reflect on student progress, provide real-time feedback, and plan agile changes to their curriculum that are based on evidence of student learning.  This research illustrates how a rich technology framework can scaffold students as they conduct collaborative inquiry activities and enable teachers to provide timely guidance.  
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This paper will draw on research work, currently being undertaken as part of the Personal Inquiry (PI) project to explore how evidence-based inquiry learning can be supported and resourced. The PI project aims to understand how personal and mobile technologies can be designed and deployed to make the processes of evidence-based scientific inquiry personally relevant and readily accessible to young people (aged 11-15 years). It also aims to support the continuity of science learning between classrooms and non-formal settings. Informed by a series of inquiry projects with schools, we are developing a toolkit to support inquiry learning across a range of learning contexts. Based on four school-based interventions, our analysis of processes of learning-teaching (including the analysis of ‘breakdowns’ in support and pupils’ understanding) explores the following questions: 

· How can effective evidence based inquiry processes be characterised and supported?

· What dilemmas and tensions are encountered when supporting processes of ‘personal’ inquiry through structured activities that involve phases of collaborative group work?

· What resources enable and what constrains support collaborative inquiry processes?

The analyses draw on our experiences of using an inquiry activity guide for structuring and guiding activities, supporting class, group and individual working. They also highlight the challenges which confront educators when attempting to mobilise or build upon young people’s interests for schooled purposes. Making an inquiry authentic and personally relevant is a challenge that has been widely discussed in inquiry-based learning research. We wish to understand whether there are any circumstances for students in which the exploration of personally relevant topics and questions, rather than being engaging, becomes aversive – there being a fine line between a topic being personally interesting and engaging and being ‘too personal’ and thus not readily amenable to group investigation or discussion. Conversely, being very personal might be fruitful– a range of personal viewpoints and differences might stimulate engaging group discussion. This points to the necessity and the difficulty of understanding the students’ points of view regarding the educational tasks in hand. A way to address this challenge is through our ongoing commitment to participatory design processes involving young people instead of working with educators own assumptions regarding what these are or might be.  
Mobile science collaboratories to support open inquiry 
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Scientific practices increasingly incorporate sensors for data capture, information visualization for data analysis, and low-cost mobile computers/phones for field-based inquiries exploiting the open internet and web standards. Handheld probes augment learner investigations with real-time geo-positioned data and visualizations, which may increase students’ engagement, enabling conduct of scientific inquiries and analyses in new ways. One innovative aspect of these new learning landscapes is combining educational activities across different settings such as school, nature and science centers/museums. The design opportunity is that for K-12 learners, each setting has its own strengths in supporting such inquiries, and with student participation in scientific inquiries supported by mobile science collaboratories, we can bring these sites into complementary functioning in reflective learning cycles which bring concepts into focus through their uses in field studies. Our work is developing the notion of “open inquiry” for catalyzing and sustaining global learning using mobile science collaboratories that provide open software tools and resources, and online participation frameworks for learner collaboration in projects involving mobile media and data capture, analysis, reflection and publishing. We are working to productively integrate geo-location sensing, rich mobile media and Web 2.0 mashup technologies, for creating mobile science learning collaboratories using interdisciplinary co-design methodologies with teachers, learners, technology developers, domain experts, and learning scientists. Our domain is field ecology; we work with biologists on curriculum activities in high school environmental science coupling classroom activities with field-based inquiries and data collection in each school’s riparian ecosystem. Field ecology topics are well-suited for geo-gridded data and data visualization, data collection using educationally-robust sensors for water quality data (pH, temperature, oxygen content, conductivity), as well as geo-tagged rich media on plant and animal species. All these activities support learning to reason about ecosystem dynamics. We argue mobile science learning collaboratories can support data-centered conversations where learners experiment with and explore multiple representations of causal interactions and functional relationships that are typical in science learning, promoting a deeper domain understanding. We will discuss, based on learning scenario developments with teachers, what could be the most suitable scaffolding techniques for “collaboration workflows” across these contexts, and the roles that mobile and web 2.0 technologies should play in this process. The specific challenges we will focus on in our contribution are those involved in creating and sustaining (i.e., managing) persistent engagement in inquiry for every learner. How can we optimize engaged participation?

Learning by Design. An example from the SCY-project.
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Science Created by You (SCY) is a project for constructive and productive learning of science and technology. The pivotal character is that SCY uses a flexible and adaptive pedagogical approach to learning based on “emerging learning objects” (ELOs) that are created and shared by learners. In SCY-Lab (the SCY learning system) students work individually and collaboratively on “missions” which are guided by a general socio-scientific question (for example “how can we produce healthier milk?”) and fulfilling the mission requires a combination of knowledge from different domains (e.g., physics and mathematics, or biology and engineering). 

While on a SCY-mission, students perform several types of learning actions that can be characterized as productive (experiment, game, share, explain, design, etc.), using multiple resources, and invoking collaboration with varying coalitions of peers. In these missions, students use changing constellations of tools and scaffolds (e.g., to design a plan, to state a hypothesis etc.). The configuration of SCY-Lab is adaptive to the actual learning situation, advising students on appropriate learning actions, resources, tools and scaffolds, or peer learners that can support the learning process. The SCY project aims at students between 12-18 years.

From a conceptual point of view we are tackling the followings issues:

· What pedagogical scenarios are applicable in the overall SCY learning philosophy? Currently a number of pedagogical scenarios have been defined, consisting of sets of learning activities and their associated products (emerging learning objects).

· What scaffolds and tools can be developed to support the type of learning that is foreseen in SCY. A number of these scaffolds and tools are specified and currently under development.

· What topics are suitable for SCY-Lab learning environments? The first mission, that is currently under development, concerns the design of a climate neutral house.

· How can students have easy access to their own products and those from others? An ELO repository and a user-friendly ELO browser are under development

· How can we provide adaptive support to learners? Currently we have explored ways to automatically analyze chats, to assess ELO’s, and to make analyses of (log-file) based. These data are processed by so-called pedagogical agents that help to adapt SCY-lab. Currently these pedagogical agents are under development. Their behavior will partly be based on data mining techniques. 

The SCY approach is enabled by the innovative architecture of SCY-Lab that supports the creation, manipulation, and sharing of ELOs (models, data sets, designs, plans, etc.). The central unit in the SCY architecture is a broker that configures SCY-Lab to unfolding learning processes and activities. A first, limited, prototype of SCY-lab is foreseen for spring 2009.







