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"Inquiry learning" refers to learning approaches that are roughly modeled on the scientific inquiry process.  It is described in various ways, but generally involves these skill steps: formulating testable hypotheses (or predictions or questions), planning for the systematic gathering of data and other information, acquiring the data and information, data 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," but in actuality (for both scientists and students) the process may involve several subgoal cycles or back-tracking paths.  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.  In this presentation we will illustrate two distinct but related educational software projects that illustrate two complementary approached to learning inquiry skills.  The first project  is SimForest, a simulation-based learning environment for use in botany and ecology subjects in secondary and undergraduate education levels.  SimForest is a robust simulation that has been used and evaluated in several secondary and post-secondary settings.  The second project is RASHI, a subject-independent software architecture that we are developing to supports the processes of hypotheses testing and inference justification. 


Using SimForest students can plant trees from a pool of over 30 regional species, set environmental parameters and watch the forest plot grow and evolve over many years.  A forest plot's sensitivity to natural and man-made disturbances can be evaluated, and emergent properties such as species succession can be observed.  The software allows students to investigate open ended questions such as: How would global warming (or a flood, or erosion) affect the species distribution of local forests? What are the long term effects of alternative forest management methods on the health of the forest? The software and an associated scientific inquiry curriculum package have been piloted in several college classes on Forest Ecology, and in 6 high school and middle school classes.  An offshoot of the project is a "glass box" version of the software that allows learners to inspect and modify the underlying simulation model.  We have developed a domain-independent system for creating glass-box simulations in any domain.  Thus the process of inquiry can be moved from the domain of phenomena and parameters to the domain of models and equations


In the second project we are developing a general framework, called RASHI, to support inquiry learning. Our approach involves providing "cognitive tools"--software that assists the student through reminding, organizational aides, and visualizations; and by providing coaching or direct feedback during inquiry. 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).  In this presentation we will focus on our most fully developed project, in the human biology domain, based on a highly successful college course taught by two experts in the case-based teaching methodology.  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 such open-ended pedagogies.  Our software incorporates some of the pedagogical expertise from expert teachers and should thus allow broader adoption of inquiry-based teaching methods. 
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