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Abstract. We are developing a generic framework for software tools and intelligent tutoring modules that support inquiry learning in a variety of domains. Our work advances the state of the art by providing a generic framework for student tools for: searching textual and multimedia recourses, using case-based visualization and measurement, supporting organization and metacognition within opportunistic inquiry data gathering and hypothesis generation. 
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1. Introduction

We are developing a generic framework for software tools and intelligent tutoring modules that support inquiry learning in a variety of domains. Our goal is to support inquiry learning through cognitive tools, and intelligent coaching.  The tools will help scaffold, constrain, or organize the various inquiry process phases.  A number of educational software projects have addressed the support of inquiry learning in computer based learning environments and collaborative environments (Inquiry Island [1], SIMQUEST [2]), Bio-World [3], Belvedere [4], CISLE [5], Goal Based Scenarios [6], Smithtown [7],  and see [8], [9], [10]).  These projects have focused on various aspects of inquiry, including: providing rich simulation-based learning environments for inquiry; providing tools for the gathering, organization, visualization, and analysis of information during inquiry; supporting sustained and authentic inquiry in the classroom; supporting collaboration and knowledge sharing during inquiry; understanding the cognitive and pedagogical nature of inquiry learning tasks, and---the main focus or our work---directly supporting and scaffolding the various stages of inquiry.  Our work advances the state of the art by providing a generic framework for student tools for: searching textual and multimedia recourses, using case-based visualization and measurement, supporting organization and metacognition within opportunistic inquiry data gathering and hypothesis generation.  We also plan to an add intelligent inquiry coach [11].  Learning through sustained inquiry activities requires a significant amount of reflection, planning, and other metacognitive and higher level skills.  Yet these very skills are lacking in many students.  Thus it is crucial to support, scaffold, and teach these skills.  This support includes providing "cognitive tools"[12] that relieve some of the cognitive load through reminding, organizational aides, and visualizations; and providing coaching or direct feedback on the inquiry process. Our project, called RASHI, aims to address these issues. Below we describe the software design. Implementation is incomplete.

2. RASHI software architecture overview

Our goal is to have a system that is both general, i.e. being applicable to a wide variety of subject areas, inquiry problem solving methods, and pedagogical styles, and yet effective enough to provide specific inquiry support in each domain of application.  We also want the framework to be useable and authorable.  Design goals for generality and effectiveness tend to be at odds with each other: the more general a learning environment is the less specific and appropriate are its interface, representational formalism, or pedagogy to any particular situation.  Conversely, the more domain-specific or task-specific a learning environment is, the more powerfully and effectively it can be, and the easier it is to provide authoring tools, yet it is applicable to only a small set of situations (for a discussion of design tradeoffs see Murray 1999).  

Our solution to this is to use a layered architecture approach following a extensible "least commitment" design strategy.  RASHI thus has five conceptual architectural layers: 1)  Generic Inquiry, 2) Inquiry Paradigms, 3)  Subject Domains, 4) SME (subject matter expert) Customization, 5) End User Teacher Customization (see Figure 1).  At each layer we try to make the minimum set of design decisions, or to put it another way, we constrain the system to its design decisions at the highest layer possible.  At the bottom layer, Generic Inquiry, are functions that should apply to all inquiry activities.  Alternate modules can "plug in" at any higher layer.  The Inquiry Paradigms layer specializes data structures and interfaces for broad categories of inquiry activity and learning, for example we plan to have one module for Diagnostic types of domains, another for Experimental domains, and another for Design domains.  The Subject Domain layer specialized even further according to subject.  For example, on top of the Diagnostic Inquiry module we plan to have at least two alternate modules: Medicine and Geology.  The bottom three layers are software modules.  The top two layers allow specialization and customization of the system using tools so that no programming is required.   At the SME Customization Layer are tools that allow an expert to build and modify knowledge structures and feedback rules.  And at the End User Teacher Layer are tools that make it easy for any teacher to change things such as the content of on-line articles, the text of multiple choice questions asked of the learner, etc.  

The RASHI design has these major data components and interface modules:

· Expert model (or Knowledge Base)-- visualized and created through the Knowledge Base Editor tool. 

· Student Overlay Model -- which is visualized and created by the student in the Inquiry Notebook.

· TextBase which comprises all of the on-line books, articles, web sites etc. available to the student (the TextBase has multimedia, not just "text").  Library (Resource) Widgets  are used to access this information and to copy propositions associated with items in the TextBase to the inquiry notebook.  We will provide a TextBase Editor tool to allow domain experts and teachers to creating/modify the text base.  

· Case Base containing cases, each of which specify  bindings to parameters (case-bound propositions) in the expert model -- a Case Editor tool is used to specify these bindings. 

· Interactive Widgets -- These are used to take measurements, make observations, do analysis and calculations, etc.   After using one the results can be dropped  into the Inquiry Notebook.  All of these values depend on the current case, and the system initializes the Interactive Widgets using the current case in the Case Base. 

· The Glossary data base is edited with a Glossary Editor. 
· Advice tool.  Analyzes the contents of the Inquiry Notebook, compares this with the expert knowledge base, and generates coaching advice based on both semantic and syntactic reasoning.  Advice rules are stored in the Coaching Strategy Knowledge Base. 

· Report generation tool.  Tool that generates reports or summaries for students to give to teacher or share with peers.)

· Collaboration tools.  Students can look at and modify each other's inquiry notebooks, share comments and critiques; copy propositions from each other, etc.

3. Summary

Several of these tools are complete and we are implementing inquiry tutors in three domains: diagnostic medicine, environmental engineering, and field geology. In the spring of 2003 we will have tested these tools on students in laboratory situations.
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