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Introduction

We are developing a general framework, called RASHI, to support inquiry learning.  We have begun using RASHI to build inquiry learning environments in human biology, environmental engineering (water quality), geology (interpreting seismic activity), and forest ecology (interpreting a forest's history) (Woolf et al. 2003, Murray et al. 2003).  In this paper we will focus on our most fully developed project, in the human biology domain, a highly successful college course taught by two experts in the case-based teaching methodology.  At this point RASHI has been pilot tested with four students in a clinical setting, and, following a number of modifications, is slated to be used for one unit (one or two weeks) in a Human Biology course in the Fall of 2003.  Cognitive tools that scaffold problem solving in specific domains not only help students but enable inquiry-style learning to occur in situations where there would not otherwise be enough human teaching resource available, as in large classes or when the instructor is not fully skilled in the methods of these types of pedagogies.  Our software incorporates some of the pedagogical expertise from expert teachers and should thus allow broader use of inquiry-based teaching methods. 

Pedagogical Approach

Inquiry learning is a general term for learning modeled on the scientific inquiry process.  It is described in various ways, but generally involves these skill steps:  formulating testable hypotheses (or predications or questions,) planning for the systematic gathering of data and other information, acquiring the data and information, date analysis, inferring conclusions (which could include developing a model, an explanation, a diagnosis, etc.), and clearly reporting the findings.  The classic description of this process says that in answering one question, many others will arise, creating an inquiry "cycle."  In actuality (for both scientists and students) the process may involve several subgoal cycles or back-tracking paths, as the inquiry plan or even the hypothesis itself may need to be revised in mid-stream as new information clarifies things.  We confer with the now commonly accepted maxim that deep and meaningful learning is enhanced through peer collaboration and a social constructivist "leaning communities" approach.  Pedagogical approaches called case-based, problem-based, project-based, and discovery-based have significant overlap with the inquiry-based approach, and so our work is relevant to these approaches as well.  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.  Our approach involves providing "cognitive tools" (Lajoie& Azevedo 2000) software that assist the student through reminding, organizational aides, and visualizations; and providing coaching or direct feedback during inquiry. 

"Human Biology: Selected Topics in Medicine" is a focused, case-based and inquiry-based science course designed to help freshman develop skills they need to complete the science requirement at Hampshire College.  Students work in cooperative groups of 4-6 people to solve actual medical cases about which they receive information progressively.  Students assign themselves homework tasks to bring information back for group deliberation.  The goal is for case teams to work cooperatively to develop a differential diagnosis and recommend treatment.  Students write detailed individual final case reports.  Changes observed in student work over seven years of developing this course include increased motivation to pursue work in depth, more effective participation on case teams, increase in critical examination of evidence, and more fully developed arguments in final written reports (Bruno & Jarvis 2001, Wenk et al. 1999).  
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Figure 1

In our conversations with a number of instructors using inquiry methods we have identified the following key inquiry skills that we would like to support: 

· Differentiate observation (and data) from inferences

· Justify hypotheses with argumentation links

· Explain inferences and hypotheses

· Explore observation, measurement, and information spaces

· Cite source documents

· Systematically gather, interpret, and organize information
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Figure 2

RASHI supports these skills in two major ways.  First, the Inquiry Notebook (Figure 1) helps students organize their ideas and prompts for pedagogically important information (such as sources of data and explanations of inferences).  It encourages students to categorize their thoughts (e.g. as inference or data) and to link inferences and hypotheses to the data that justifies them.  Second, the Inquiry Coach (not shown) provides feedback upon request to help students with their problem solving process.  Other than these two generic RASHI components, the RASHI implementation in each domain includes a number of specialized "widgets" that simulate data sources.  For example, in the Human Biology domain students gather data from:  an Interview widget used to ask the patient questions;  a Lab widget used to order medical tests; and a Examination widget (see Figure 2) used to gather data that a doctor would determine during an office visit.  RASHI also supports collaborative work, as several students on a project team can share a notebook [image: image3.png]Inferences
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workspace, working from different computers. 

In the Human Biology domain inquiry takes the form of "differential diagnosis."  This is a process of enumerating many hypothetical diseases that might cause the observed patient symptoms, gathering additional data such as lab tests to add supporting or refuting evidence to each hypothesis, and eventually deciding on a most likely candidate.  In the (non-computer) classroom version of this method, students are first given a description of the case that includes the symptoms reported by the patient at the start of the initial visit to the doctor.  Students (in groups acting as "the physician") access web sites and a large collection of real medical reference books to solve the problem.  When they need more information about the patient, for example, "does she smoke?" or "what is her red blood cell count?" they ask an instructor.  The instructor often makes sure that the student has a good reason for asking the question, especially for lengthy or expensive tests, before revealing a piece of data.  The instructors monitor the progress of each group, making sure that they are exploring multiple (not just one) hypotheses and that they are not going too far down dead-end paths. The cases given to the students are each designed to focus on a particular area of human anatomy and physiology. Thus, in the process of being supported in realistic detective-style inquiry, students learn a lot about the domain as well as sharpening their inquiry skills.  

Figure 3 illustrates how the differential diagnosis process (and other types of inquiry) can quickly become complex.  The student is initially presented with some data (large rectangle).  Based on their own guesses or on official medical sources, each piece of data may be connected to several hypothetical diseases (small circles).  The student picks one of these diseases (the large circle), and upon looking it up discovers other signs and symptoms that should or could be present with that disease (small rectangles).  They then try to find out if the patient has those symptoms. The student can only look up on one piece of data or hypothesis at a time,  and each inquiry can yield a number of symptoms or a number of potential diseases.  Students need to keep track of many items, some pending, and their evidential relationships.  The Inquiry Notebook helps scaffold this task. 

RASHI Description

RASHI uses a client-side application that communicates with a server-side data base storing both domain content and the ongoing work of each student.  Figure 1 shows the RASHI notebook.  Students add items to the notebook by typing them in directly, or by clicking a "save information" button on one of the observation or measurement widgets. "Notebook items" are classified as Hypotheses,  Intermediate Inferences, Data, (including measurements and observations), Open Questions (a to-do list), and Principles.  Principles are general statements, rules, etc., usually from a reliable source, that support the specific inferential claims made by the student.  The Argument Tool (not shown) allows students to connect data to inferences and hypotheses, labeling these connections as "supporting", "confirming," "consistent with",  or "argues against" (these are simplified implementations of Bayesian probability relationships that account for both necessary and sufficient types of evidential relationships).   

The RASHI Coach is activated when the student clicks the Coach button to ask for help or evaluative feedback (though we could in the future have help be offered automatically when the system thinks it is needed).  The Coach uses a rule-based system (build upon the Jess expert system shell)  to offer two major classes of advice (the student does not need to distinguish these two) .  Help based on syntactic rules does not depend on the content of the student's notebook, only on its form.  This type of advice includes telling the student that they should be considering more than one hypothesis, that they have created a circular argument, that they should have more than one piece of data supporting a hypothesis, etc.  Help based on semantic rules compares the student's analysis with what an expert would say, if the expert had only the data that the student has gathered.  This type of advise is much more complicated to implement.  It requires building a Knowledge Base of the items of data and the potential inferences and hypothesis that are likely to come up in students' inquiry.   In the domain of differential medical diagnosis this is a huge set, and our goal is only to include enough items to be able to cover the most likely hypotheses and symptoms students deal with for each case.   Our Knowledge Base is a mini expert system in medical diagnosis, containing evidential relationships between symptoms and diseases (though it contains hundreds of items, it is a "mini" expert system because it is a far cry from actual medical expert systems).  

The expert system (Knowledge Base) allows the Coach to give semantic advice such as flagging common but erroneous student inferences, and hinting toward specific diseases or symptoms when students are floundering. It also allows us to ensure that most of the students' notebook items are in terms of a standard vocabulary (needed to match student notebook items against those in the expert Knowledge Base).  When a student types in a notebook item, the system uses an information retrieval matching engine to search its Knowledge Base for items that match what the student typed.  It then presents the student with a list of these for them to choose the one that best matches what they meant (or they can ignore it and leave the entry as they typed it).  

Future Plans

In the Spring of 2003 we completed an early formative test of RASHI (the Notebook and medical diagnostic widgets, without the Coach) on four subjects, graduates of the Human Biology class, in a clinical setting as a usability test on the tools.   Students appreciated the benefits of the software but identified a number of usability issues.  We have also implemented a "paper prototype" of the RASHI notebook and used this with students in the Human Biology class in Spring of 2003.  This trial gave us confidence that the types of thinking processes that we are expecting of students were valid.  We are now completing a new version of all RASHI tools, and will test these along with the Coach in the Fall semester of 2003. 
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