Structured Poster Session Title: The CILT Design Principles Database: A New Form of Synthesis for Technology-based Curriculum Design 

Objectives

Designing effective curricula is a complicated task, usually involving longitudinal iterative processes of research, implementation and redesign cycles (Linn & Hsi, 2000). The body of scientific knowledge that can significantly inform the design of technology-based curricula exists between designers, and needs to be generated as principles in order to be publicly accessible (diSessa, 2000). However, it takes large-scale collaborative efforts, in which teams of researchers share their design experiments to provide meaningful guidelines for design (Collins et al, 2001). Such guidelines are currently missing, and the community of technology-based curriculum designers is faced with a lack of direction about how to translate existing knowledge in the learning sciences into effective software features (Kali, 2002).

Traditional reports about design efforts usually focus on successful artifacts rather than on lessons learned throughout the process including the less successful iterations. Several attempts have been made to abstract design processes and provide guidelines that can apply to other contexts (e.g. Edelson et al, 1999), yet there lacks a common vocabulary or agreement regarding the relevant forms of evidence necessary for designers to build on each other's experiences.

In the past two years the Center for Innovative Learning Technologies (CILT) has attempted to meet this challenge by bringing together designers from diverse projects and institutions to come up with a mutual framework for communicating and synthesizing design practices. The framework consists of three grain-size levels of design principles. Meta-principles offer abstract ideas about instruction and curriculum design. Examples include make student thinking visible, help students learn from each other, and promote student autonomy (Linn & Hsi, 2000). These principles are often used to categorize the next level of design principles, pragmatic principles. Pragmatic principles emerge from synthesis of design research and experiments. These principles summarize lessons learned from diverse contexts into useful design guidelines. Examples include provide a model of the inquiry process, and provide multiple linked-representation for viewing data. Finally, specific principles are the finest grain and capture the results from one study or the character of one technology feature. Examples include provide students with text boxes to define elements in a model, and enable students to rotate the geological structures and view various cross-sections of the structure. In order for these principles to be useful, the framework anchors each principle to several example software features.

The next step after defining the framework was constructing an online database of principles and features, in order to provide an infrastructure for the broad community of educational designers to browse, publish, connect and discuss their design principles with peer designers. The database interface encourages authors to make connections between design principles and features from one project to another.

The contributors to this structured poster session, represent five cross-institutional collaborative projects. Each project used several sets of research outcomes to abstract design principles from a specific domain including: virtual learning environments, ubiquitous computers in education, online math environments, online community tools in education, and project-based inquiry learning environments. These projects focused on different levels of generalization of design principles from specific design principles to meta-principles. In the session we will discuss how different grain-size levels of principles from each of the projects relate to each other.

The main purpose of the session is to share, critique and find connections between the sets of design principles discussed by each of the projects. We are also seeking to discuss the framework and the general infrastructure with the audience as means for synthesizing knowledge in the field of educational design. The audience for the session includes curriculum designers, and researchers who are looking for innovative forms of synthesis in the educational design field.

Format of the Structured Poster Session 

Organizers: Yael Kali and Michele Spitulnik, CILT/U.C. Berkeley

Chairs: Marcia Linn and Yael Kali, CILT/U.C. Berkeley

Discussant: Alan Collins, Northwestern University

Total Time: 2 hours

Introduction by chairs (10 minutes)

Short overviews of each of the posters (15 minutes, 3 minutes per poster)

Concurrent poster session (45 minutes)

Summary by discussant (20 minutes)

Discussion between presenters and audience, facilitated by chairs (30 minutes)

Poster Descriptions
Design Principles for Project-Based Inquiry 

For much of the past decade, the authors of this poster have led projects that design software and curriculum in support of project- based inquiry for middle-school science. These projects include Learning by Design at Georgia Tech and the Center for Learning Technologies in Urban Schools at Michigan and Northwestern. Each of our groups has been involved in designing both curriculum and software for project-based inquiry science learning at the middle school level. We have grappled with issues of functions the software should take on; how to help teachers learn this new way of managing a classroom; how to allocate scaffolding responsibilities between software, teacher, and other agents in the classroom; how to create a collaborative culture in the classroom that promotes participation; and how to build scaffolding that promotes rigor.

In association with CILT, we combined our efforts to compare and contrast what we have learned across our projects and to draw out general principles that apply across the different tactical decisions each of us makes in our designs for project-based inquiry software environments. Such principles, along with the varieties of examples that illustrate them, will enable software and curriculum designers to make use of what we have learned.

Our design principles pertain to, among other things, functions software should take on, integration of software into classroom activities, design of project challenges, managing learning, creating classroom culture, assessment, and systems of scaffolding. We will present our observations of how graduate students used the principles as they designed educational technology, curriculum and professional development in their graduate classes, as well as our process of refining the principles, based on the students' feedback about the validity and usability of the principles.

Design Principles of the ESCOT Math Environments
The Educational Software Components of Tomorrow (ESCOT, funded by NSF, and now completed) project produced 46 middle school math activities over the course of two years. The goal was to address areas in which middle school students typically have difficulty. Each activity consisted of a context (typically a story), questions, and an applet to facilitate solving the problems posed. These activities were published as ESCOT Problems of the Week (EPoWs) on the Math Forum @ Drexel University's publicly accessible web site (http://mathforum.org). Students from all over the world and of various ages submitted solutions to the problems during a weeklong period and received feedback via email from mentors on how to improve their solutions and explanations.

The EPoWs were designed by teams of teachers, software developers, and educational technologists. Meeting notes were generated, containing design decisions and intended purpose of the EPoWs. Expected solutions were generated for each EPoW, as were teacher support pages that contained ideas on how to incorporate each one into class lessons. Summaries of student work were posted publicly for each EPoW, along with exemplary student solutions. In addition, classroom studies were conducted on students solving some of the EPoWs, which generated video data.

With CILT's help, a group of former ESCOT design team participants as well as outside stakeholders decided to use the various data described above to do an analysis of design principles of successful EPoWs. This group felt that because of the number of EPoWs that were developed along with the rich set of data, that they could learn about what makes a successful applet-based mathematics problem-solving environment. A top-down approach was taken. The EPoWs were reviewed, the most and least popular ones were voted on, and design principles were generated for each type. Each EPoW was evaluated against the list of principles that defined the valued EPoWs. An intended effect was linked to each principle - e.g., for "Screen should be uncluttered and directions clear." the intended effect is "Students can quickly get oriented to the interaction and know what to do first." It was then determined whether the principle was followed or violated and whether each EPoW showed the intended effect by looking at the student data.

After this level of analysis, an analysis was done on whether the student data supported or refuted the "goodness" of the design principles in the EPoWs. A principle that was followed in many of the problems that were associated with student success was promoted. A principle was demoted if it was followed in problems associated with student confusion. In this session, we will present the resulting design principles with supporting data and what we learned from this process.

Design Principles for Educational Virtual Environments
The "Building Blocks for Virtual Worlds" project aims to develop design principles for a starter kit for educational virtual worlds. The project synthesizes lessons learned by the VLearn3D.org educational 3D multi-user virtual worlds community into a set of design principles, which can be shared within our community and with the broader community of educational technology developers via CILT. Specifically, we will inform the design of a "basic starter kit" for using the Activeworlds, the client/server virtual world system most broadly adopted by the VLearn3D community. Through surveys of the Activeworlds Education Universe (AWEDU) and VLearn3D communities as well as related research groups, we have compiled a list of critical features and new user issues. These were presented at the annual online conference of VLearn3D.org for discussion and input. Final recommendations for the starter kit are contributed to the CILT database and posted at VLearn3D.org. This information serves as a set of guidelines for development of a starter kit for users of the Activeworlds system and will inform the company, which supports an extranet of educational worlds through the AWEDU. Recommendations incorporate means for managing and evaluating user activities inworld, in addition to a simple and flexible virtual architecture for user spaces.

The key challenges educational communities face, are technological and sociological. Much progress has been made on both sides in terms of demonstrating the use of virtual worlds for educational purposes Borner (2001), Corbit, Devarco (2000), Jakobsson (1999), Ligorio (2000). The Activeworlds technology provides a robust, friendly, and flexible user interface, as well as important tools for facilitating communication. However, it was not designed as an educational support tool. Educators who are not programmers often struggle to get over the first peak of a multi-modal learning curve. These new users will benefit from a "starter kit" ready to use by non-programmers who want to focus on learning content rather than implementation details. Our research focuses on identifying the key technical features, minimum content, and basic spatial design elements required to encourage and robustly support content development, social interaction between teacher and student, and assessment. We also try to identify the technical structure needed by teachers as they learn to support online learning communities. This project aims to identify design principles that support social interaction and community-building principles as identified by Ostrom (1990), Godwin (1994), Kollock (1996), Kim (2000), Preece (2000).

Design Principles for Ubiquitous Computing in Educational Settings
Ubiquitous computing devices and applications provide an opportunity for inexpensive and beneficial computing power for learners. Compared with desktop computers handheld computers are much less expensive and exemplify potential educational benefits including portability and connectivity. Ubiquitous computing devices may provide students more readily with access to data resources from school and home (Tinker & Vahey, 2000). Some of the expected affordances and benefits of ubiquitous computing devices in educational settings include:

· Portability - can take the handheld computer to different sites and move around within a site 

· Social interactivity - can exchange data through beaming and posting to a server and collaborate with other people face to face without the problems associated with large desktop computers (for instance the control issue of who uses the keyboard and mouse)
· Context sensitivity - can gather data unique to the current location, environment, and time
· Connectivity - can connect handhelds to data collection devices such as servers, probes, other handhelds, and to a common network that creates a true shared environment
· Individuality - can provide unique scaffolding that is customized to every individual's path of investigation
Ubiquitous computing devices and applications are still new in educational settings. A few research groups are beginning to build successful applications and designers, researchers and users of ubiquitous tools and applications for education can benefit from the documentation of design principles for ubiquitous computing. This poster describes how three different research projects instantiate the potential ubiquitous computing affordances and articulate design principles for ubiquitous computing applications in education. Design principles anchored with example features are elaborated for projects within the Concord Consortium, University of Michigan (Highly Interactive Computing in Education group), and University of California, Berkeley (WISE group).

Community Tools for Learning and Development 

In this poster session we examine three specific design principles from Tapped In (http://www.tappedin.org), a web-based environment for K-12 and other educators designed to promote teacher professional development, and how those principles led to the creation of opportunities for learning and development among educators. Because community tools aim to foster social processes of learning and development, their designs encompass both technical and social structures---e.g., the cultural models (D'Andrade, 1987; Shore, 1996), activity patterns, norms, values, etc. through which community is (or fails to be) constructed. Hence, (explicit and implicit) guidelines for group formation or discussion moderation are an essential part of designing for community.

The first principle we call "situational resonance" refers to the matching of the online setting with other (usually) offline settings familiar to participants. The result is an environment that evokes the use of relevant tacit knowledge regarding the goals and activities appropriate to the setting. In the case of Tapped In, we examine how this environment draws on members' familiarity with academic settings in general, and discussion seminars in particular.

The second principle is "active facilitation" of the technical and social processes of participants. Whereas the first principle focused on tacit structures that guide participation through indirect and implicit means, the second one describes the explicit strategies used by Tapped In staff, volunteer leaders, and experienced participants to shape the content and direction of the online discourse. Consistent with the cultural models of formal education, these interactions include strategies for keeping overly personal, non-academic subjects out of the discussion, and support for new leaders to design and lead their own seminars.

The third design principle, called "pedagogical adaptation", describes features that enable online community members to form and disband groups as needed, and thereby support the particular needs of individual learning and development while also growing the community. We provide evidence of the reciprocal relationship between individual learning and community growth (Rogoff et al., 1995; Gray & Tatar, in press) from Tapped In Version 1.0; and, we will also highlight how the ease of creating a group in Tapped In 2.0 is designed to encourage this learning and growth. Finally, to situate these observations in a wider context and to critically examine the generality of our "principles", we compare key design features and principles from Tapped In to features and principles from other online communities in education.
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