During the 1980s and 1990s, much has changed in the way that educators address science instruction.  During this same period and earlier, much has changed in the way we view science itself.  In order to explain the rationale for the pedagogy suggested here, we will review some changes in our view of science.





Science is beliefs, practice, and tools





Every field of science has a set of correlative beliefs.  As we all know, every field of science has a set of canonical beliefs.  These beliefs constitute the science.  To know it science requires an understanding of what the science holds true and this knowledge is what the science is “about”.  However, recent work in the philosophy of science and, more interestingly, anthropology has given us a deeper understanding of what a science really is.  





Every field of science is a rich network of beliefs and practices.  Famously, Thomas Kuhn introduced the concept of a paradigm shift within a field of science (Kuhn, 1962).  At the same time, the model of science that he proposed is one in which a field is defined by an interdependent set of beliefs that are supported by (and support) the overarching paradigm in that field.  More recently, philosophers of science have argued that scientific facts are given coherence by their context of other facts and practices (e.g., Thagard, 1989).  Simply put, current views of science hold that a field is an interconnected set of things we know and things we do.





Every field of science can be understood as a community defined by the practices of its members.  Rather than say that a science is some body of knowledge, we now say that a particular science is defined by practicing scientists.  These scientists are seen as a community or culture whose members share a set of beliefs and practices.  Science, in this view, is seen as a “community of practice” (e.g., Pea, 1993).  Typically, the practices -- for example, the methods used in the laboratory or field -- determine which beliefs are accepted by community members.  The knowledge and acceptance of these practices gives meaning to the beliefs.  In this view, the practices of scientists are fundamental to a science.  





Our new understanding of science points to a new way of teaching science.  





When science is viewed as interdependent beliefs, practices, and tools, the failure of students to learn science is easily understood.  





Science isn’t just facts.  More than anything else, a science is an internally consistent and coherent set of beliefs, practices and tools. We have been instructing students to remember “facts” (i.e., beliefs) outside of the context in which those facts are understood.  While this might not have been a problem, history has shown that teaching some subset of a science’s beliefs devoid of their belief context has been unsuccessful in helping students to learn science.  





We need to embed science facts in an authentic context.  The focus on embedding science facts in a context of scientific practice is reflected in much current educational practice.  This move is often billed as teaching science in an “authentic” context.  Authenticity requires that the context in which students learn a set of facts is an analog of the context in which scientists do their work.  Therefore, many have moved from a focus on teaching a broad set of specific facts to a focus on embedding a more limited set of facts in a richer context of scientific practice (Edelson, Pea, and Gomez, 1996). This is seen as a way to teach students how to think like a scientist.  





To understand science is to understand the activities of scientists.  Authentic science is what scientists do.  Scientists not only know that certain things are true, they also know how to show that those things are true.  Scientific beliefs are embedded in a context of what scientists do.  Scientific thought, then, is a type of “situated cognition” (Lave and Wegner, 1991).The “situations” of what is called situated cognition are the contexts in which scientists do their work.  These situations describe how the scientists discover knowledge.  “Situations might be said to co-produce knowledge through activity” (Brown, Collins, and Duguid, 1989).  





To understand science is to understand the tools of scientists.  Tools embody the practice of a community (Lave and Wegner, 1991).











The economics of assessment





The economics of assessment drives teachers to teach disconnected facts.  Our assessment of student learning has been testing of recognition of sets of individual facts.  The economics of assessment is a simple explanation for this.  When we need to test students on what they have learned, the easiest thing that we can do is to come up with a way to easily survey their responses.  The technology that we have used is the multiple choice test.  





Multiple choice tests.  With these tests, we can ask each student to look over a set of questions.  These questions are “facts” that have been presented.  Often the questions can be seen as a virtual mad-lib where we take an incomplete sentence and offer various words to complete the sentence.  To select the correct answer from the list of potential completions, the student must recall the fact that was presented in the course materials.  If the student can complete a number of these sentences, we assume that this is a good heuristic for understanding the field of study.  





Essay tests.  Essay test are another assessment strategy that is available to the instructor.  These tests can be designed so that a student must recall some information about the field.  Here, the student must recall something more complex, perhaps the student must even recall something about the tools or practices of the field.  





When there are, for example, four hundred students in the class, grading many hundreds of  essays is outside the realm of possibility.  Instructors cannot “afford” to spend the time to read through and evaluate the answers of their students.  Consequently, instructors of large section classes have been forced to use multiple choice tests which, by definition, can only get at disconnected facts which can only be a heuristic for understanding the content domain.  





Authentic assessment





Authentic assessment is often used in discussions of assessment but is rarely defined (AAAS, Benchmarks for Science Literacy).  Given the preceding discussion, it stands to reason that authentic assessment truly requires that the student be asked to use knowledge about a scientific domain (both in tools and practices) and to perform a task that makes sense within that domain.  Students should be able to demonstrate that they not only “know what” but also “know how”.  Furthermore, authentic assessment means that students must be judged by the criteria with which scientists are judged.  Scientists are typically judged by their ability to use the tools of their field to answer questions of relevance within their field.  An authentic assessment in science is when other scientists judge another scientist’s work to be acceptable within the domain of that field, e.g., using the tools and practices of the field the scientist was able to determine some fact within that field.  





Authentic instruction  





Authentic instruction (Brown, Collins, and Duguid, 1989)would allow the student to participate in the practices of the working scientist.  Students would be a part of laboratory research or field work.   Students would have access to the tools of the working scientist and would, in every case, be shepherded through the scientific process.  New concepts – the beliefs of the scientist – would be introduced in this naturalistic context.  As noted above, the economics of assessment have determined, to a large extent, the practice of inauthentic assessment.  What may be less obvious, is that the economics of instruction have likewise determined the practice of inauthentic instruction.  In the past, when we taught a student some domain of science, an instructor often had to lecture the student rather than require the student to adopt the practices and tools of the working scientist.  Monitoring students in such practice has been too costly for most educational institutions.  





The current research





The current research uses virtual environments to create an authentic experience of science for the student.  These environments allow the students access to the tools of the scientist and these tools, as noted by Lave and Wegner (1991) embody the practices of science.  The student is given these tools in the context in which scientists work.  The students interact with a virtual world that offers them an analog of the situations in which scientists use these tools.  This is the context in which scientific beliefs are presented and this is the context in which students learn the science.  Assessment is, likewise, in the virtual world.  Just as scientists are judged by their ability to use tools to uncover “facts” in the world, students use similar virtual tools to uncover facts in similar virtual worlds.  Assessment is the ability to practice what the scientists practice.  Students learn not only to talk the talk but also walk the walk.  





Geology Explorer





Classroom instruction in geology is difficult.  Students typically asked to go into a large lecture hall and listen to a geologist describe the various beliefs about their field.  These instructors are typically restricted in the extent to which they can actually bring students out into the field and then have those students engage in geology.  Day long field trips or week long field camps put considerable requirements on both the students – to give up a day of other instruction – and the instructor – to both give up other instruction and supervise the students.  Such field work is usually restricted to advanced level courses where the course sizes are smaller and the students more motivated to spend the time.  Unfortunately, this means that introductory students, who are committing several hours a week for many weeks, may only be exposed to facts presented from the front of a lecture hall.  Presenting an authentic experience to these students has been all but impossible and the students’ understanding of geology has suffered.





In the Geology Explorer, students are presented with a virtual world to explore. The world and the activities undertaken within it are as close to the experience of field work as is possible.  Students are asked to explore this world and determine where certain minerals are found.  As they navigate through the world, they are given rich descriptions of their environment and are given tools with which to test various minerals.  The minerals are deposited in geological formations identical to those found on Earth.  These minerals can be tested using tools identical to those used by working geologists.  Students’ ability to use these tools – to engage in the practices of working geologists – determines their ability to reach their goals within the virtual space.  Thus, the students are given an authentic – albeit virtual – experience of the science of geology.  Furthermore, their ability to succeed in this space is determined by their ability to engage in the practices of geologists using the tools of geologists.  The assessment of the task has some claim for authenticity because assessment of the task is the completion of the task.  





The goal of this work, like the goal of all work that attempts to offer authentic experiences to the student, is to present the student with a more valid representation of science.  In an effort to determine that the students learned from their experience, we presented them with another (somewhat less authentic) task.  In addition to the performance of relevant tasks in the virtual world, the current work also asks students to offer strategies for specific scenarios that were judged to be geologically relevant.  The students were asked to provide short answers in text for problems presented in text.  In these scenarios, students were not offered an array of tools to select among to accomplish the task.  They had to recall the tools and practices which they were presented with on the virtual world (or in their classroom instruction).  
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Scientific development





“But there is much more to the development of


science than belief change, for we can ask why conceptual changes took place involving the introduction and reorganization of


whole conceptual systems.” (Thagard, 19??)





"...students should learn how to analyze situations and gather relevant information, define problems, generate and evaluate creative ideas, develop their ideas into tangible solutions, and assess and improve their solutions." 





     American Association for the Advancement of Science, Benchmarks for Scientific Literacy: Project 2061





