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	Currently there is an increasing number of educators abandoning predominantly didactic, lecture-based modes of instruction and moving towards more learner-centered models in which students, frequently in collaboration with peers, are engaged in problem solving and inquiry (Land & Hannafin, 1996; Roth, 1996).  While some forms of direct instruction are effective for the achievement of specific objectives (e.g., direct instruction of reading strategies) (see Roshenshine, 1986), the same practices that make these approaches beneficial (e.g., eliminating extraneous information, telling students correct answers) may be inadvertently causing the knowledge to become inert (Cognition and Technology Group at Vanderbilt, 1990; Whitehead, 1929).  Further, it has been argued that such approaches have the more damaging effect of stifling creativity and diminishing enthusiasm (Cordova & Lepper, 1996).

	Although open-ended learning environments probably share more differences than commonalties, our focus is on student-centered learning environments that support natural complexity of content, avoid over-simplification, engage students in knowledge construction, encourage collaboration, and present instruction in real-world contexts where problem-solving is a fundamental aspect of the learning process.  Predicated on a social constructivist philosophy, the role of teacher switches from one of telling students correct answers and procedures to guiding student activity, as they direct their own learning process (Bednar, Cunningham, Duffy, & Perry, 1992; Dewey, 1963; Edwards, 1995; Vygotsky, 1978).  We use the term social constructivist because of our contention that knowledge creation is a shared as opposed to an individual experience (Prawat & Floden, 1994).  Rather than presenting instructional treatments, the goal from this perspective is to establish rich environments that encourage explanation and discovery (what Perkins, 1991 called phenomenaria), supporting students in the construction of personally meaningful and conceptually functional representations (Hannafin, Hall, Land, & Hill, 1994; Jonassen, 1991; Spiro, Feltovich, Jacobsen, & Coulson, 1991).  

	To examine how learning unfolds within student-centered classrooms, Wolf-Michael Roth (1995, 1996; Roth & Bowen, 1995) used actor-network theory (see Latour, 1987).  The actor-network approach is particularly useful from a social constructivist perspective because it does not assign privilege to the social or the individual, the social or the technological, nonhuman or human actors, “it integrates all these dichotomies” creating a seamless web (Roth, 1996, p. 183).  In fact there is no distinction between content and context; for it is only after learning is complete and the outcome has become “blackboxed” that one can separate out content from context (Latour, 1987).  Applying the network approach to videotaped student-student interactions and field notes of elementary students Roth investigated, from a sociocultural perspective, the adoption of different types of knowledge, resources (facts and objects), and concept- and tool-related practices.  With respect to learning, Roth (1996) concluded that, “learning is not an asymptotic adaptation to the environment but a continuous transformation of individual and collective practices that themselves change the collectivity and its setting (p. 218).  With respect to teaching, he concluded that, “there is no longer a place for their traditional gatekeeper role to control, circumscribe, and legitimize knowledge. Their contributions reside in providing appropriate climates for the community to emerge, in pushing the discourse toward explanation, clarification, and justification (p. 218).

	The purpose of this study was to continue to explore learning/instruction within a collaborative, student-centered, open-ended learning environment through a social constructive lens by tracking the emergence of shared understandings and productions in the form of resources and tool-related and concept-related practices.  Our interest was not simply in the interactions among students or between students and teachers, but included student-resource interactions with an emphasis on student-technology interactions.  The latter interest stems from our belief in the potential of emerging technologies to transform the learning experience from one of passive reception to one of active involvement (CTGV, 1990; Perkins, 1991). Many of the current technologies function less like books, films, journals, and broadcasts and more like laboratories, workshops, offices, and studios, which allow students to immerse themselves within contexts that challenge and extend their understandings (Allen & Otto, 1996; Jonassen, 1996).   

	This study took place at an Indiana University summer camp for high school students held at the Indianapolis campus.  Students attending the camp used state-of-the-art virtual reality (VR) equipment to design a VR world.  Eighteen students, of which most came from the inner-city signed up to attend the camp for six five-hour days.  However, two of the four females dropped out by the second day.  There were also three education and three technology mentors.  The former were expected to assist the learners in the design of their VR worlds, while the latter were to assist learners in the technological instantiation of these worlds.  There were 12 computers (nine Silicon Graphics and three Apple computers), three QuickTake cameras, and various software—some of which was not yet commercially available).

	Students were divided into one of three groups depending on their interests: 1) a Theater group, in which students were expected to develop an interactive, VR production; 2) a State House group in which students were expected to develop an interactive, VR tour of the Indiana State House, including digitized video of interviews with various government officials; and 3) a Solar group in which students were expected to develop an interactive, VR model of the solar system that was scale appropriate.  All computers were in the same room, but they were separated among the three stations with posters and resources positioned at each area based on which of the three projects was to be carried out in that area.  Each of the mentors were responsible for the same group over the course of the week.

	Data was collected with four video cameras and tape recorders, one pair directed at each of the three groups and a roving camera and tape recorder directed at “interesting” events, people, and objects. In daily meetings among the two researchers, field notes, student interviews, and teacher observations were discussed so as to generate assertions used to direct data collection efforts the following day. Consistent with Roth’s (1996) previous work, we collected data that (a) documented practices (e.g., tool use, problem solving, student inquiry) and resources (e.g., concepts implemented, tools); (b) captured various discourse among students and among students and teachers; (c) documented the progress of student projects; (d) followed the same students, artifacts, actions, and procedures over time; and (e) supported and refuted emerging hypothesis about how practices, resources, task constraints, task manifestations, and student understandings evolved over time.  In addition, student and teacher interviews, document analysis, field notes, and open-ended, web-based test items were administered at the beginning and end of the camp.

	In analyzing the data we selected various facts, practices (tool and concept related), student productions (e.g., projects developed), and conceptual understanding to serve as tracers  from which we could trace how students’ understandings evolved over time (Newman, Griffin, & Cole, 1989; Roth & Roychoudhury, 1993).  Drawing on the actor-network approach (Latour, 1987; Roth, 1996), tracers were selected and then videotapes, field notes, student and teacher interviews, and documents would be re-analyzed to generate a network consisting of various nodes (actors) and links (connections among the nodes), which represented the historical development of each tracer.  Consistent with the actor-network theory, no one actor, whether it be the computer, teacher, other resources, or students was given apriori priority over others in explaining student understandings.  Further, many of the actors had “simultaneous multiple membership” in different networks (Roth, 1996, p. 185).  Examination of these networks provided insights into the possible roles of teachers and how students construct meanings in student-centered environments.  

	For this proposal, we selected three tracers and will highlight the historical development, as derived from the network, of a fact, a tool-related practice, and a concept.  Consistent with Roth’s (1996) findings, knowledge of facts were the quickest and simplest to diffuse among the community.  For example, in the State House group one of the students was having difficulty with transferring images from the camera to the computer so that they could be “stitched” (combined) together to produce a panoramic scene, ultimately giving rise to a three-dimensional rendering.  The student, after much software tinkering, found a setting in the preference box that had to be adjusted according to the specifications of the particular camera used.  By the end of the day all students had learned to adjust this setting and over the course of the week this practice remained unchanged.  

	The tool-related practice of animation took longer to diffuse throughout the community, and was contextually influenced both in terms of the student performing the animation and the context in which the animation was occurring.  For example, at the end of the second day only one student (we will call Jeff) had been able to produce animation.  Further, this animation was not individualized in that Jeff was simply implementing the steps listed in a web-based tutorial he discovered.  However, on day three when another student (Alex) was having difficulty producing a project-based animation he requested Jeff’s help.  Later that same day, another student (Bill) also requested Jeff’s help but quickly came to an impasse that Jeff had not experienced.  Alex heard the discussion and showed Jeff how to produce the effect, at which time Jeff then shared this with Bill.  Interestingly, the next day Alex hit an impasse in which Bill helped him through and this technique was then discovered independently by Jeff.   In all cases the students implemented slightly different variations of the requisite steps, based on their own needs and the previous work they had completed.  Further, as the week progressed the practice of animation changed from one in which the goal was realism to one in which the goal became, in Jeff’s words: “At this point I’m less concerned with how it looks.  I just want to get him from one side of the stage to the other.” 

	Even more difficult to grasp were concepts.  For example, the concept of parent-child relations spread very slowly among the members of the group(if at all.  This concept relates to how the parts (child) of an object (parent) interact.  As one attempts to make a person, for example, shake hands with another person it requires that they separate the parent object (the person) into its component parts (e.g., biceps, forearm, hand) so that each one of these parts can move independently.  These relationships can be multi-leveled, for example the hand is subordinate (a child) to the arm (parent), the fingers (a child) are subordinate to the hand (parent).  On day three, one of the students said, “oh, so this (pointing to the person) is the parent and the arm is a child.”  He then shared this with another student on the last day.  The new student initially appeared confused and then began to apply the concept in animating his figure, at which time he laughed and said, “I get it.”

	From these networks we also gained insights into the role of the teacher in the different groups. Although the camp was grounded in a learner-centered pedagogical base, the teachers adherence to this style were varied. For example, initially the teachers of the Theater group let the learners direct the process, but it was the teacher who took notes and who remained the focal point for conversations.  However, when one teacher was distracted in conversation the students, growing impatient of waiting, actually walked over and removed the easel from his hands; from that point forward the students took responsibility for the project’s completion, with the teachers only stepping in when the students were getting off track or at a technology-based impasse.  At these times, the education mentor would rarely tell students what to do; instead, he would use questioning techniques to help students maintain or reinitialize the goal.  The technology mentor used a method consistent with Collins, Brown, and Newman’s (1989) approach in which teacher first model, then coach and scaffold, with the goal being to gradually fade out of the picture.  The State House group also initially directed the conversation in terms of telling the students the goal for the week.   However, once the goal was initialized they were able to retreat in to the affordance background and become a resource for the students.

	In contrast, the Solar System group had difficulty giving up control or promoting collaboration.  The mentors did not appear prepared in the content or in the use of the technology.  The teachers did not first model the software and were never able to retreat in to the background.  They continually competed with the computers for the attention of the students, and took full responsibility for the completion and direction of the project.  There was also little collaboration among the students unless explicitly requested by the mentors.   

	In terms of construction of meaning, students did not memorize or study various concepts, rather understandings can be considered an ephiphenomenon arising from their participation in situated activities.  For example, the concept of relative size was not a separate activity that students developing a solar system were expected to study, rather it was a way of defining the constraints of their virtual worlds.  Evidence of their understanding was evident both in the challenges and difficulties they had in their design, as well as the post measures.  For example, one student asked “how can we get the Earth and Jupiter’s orbit on one screen and be real-like.”  He later came to the following conclusion about one of the available resources: “This picture is wrong, there is no way they could get mercury, earth and Saturn all in the same picture.  The distances are too great....  My science book lied.”  Further, as in the case of the practice of animation they evolved due to the interactions among group members.

	In sum, we have found the actor-network theory as a useful strategy for tracing the evolution of student knowledge within a learner-centered environment.  Such an approach, in which no actor was assigned precedence, apriori, in terms of contributing to the evolution of a practice or understanding, allowed us to witness the interaction among the task, the individual, the teachers, the technology, and the (physical and social) setting (Lave, 1988; Roth, 1996).  Returning to the practice of animation, it was clear that the context (whether it was Monday or Friday, whether the figure to be animated was central or peripheral to the scene, and which individual was implementing it) influenced the nature of the practice.  The influence of the technology on students understandings was also evident.  For example, students were initially expected to use a “blackboxed” technology that allowed them simply to point and drag various icons on to one another.  However, when it became apparent that there was no Netscape plug-in to support the product, students had to open the box and discover a means of programming the task using a software application that did have the capability of being used on the web.  

	Interestingly, we were also able to trace the influence of task, technology, student performance, and the learning context on teachers’ pedagogical base.  For example, the State House mentors were initially resistant to letting students direct the learning process.  However, once students demonstrated their commitment and competence to direct the project, including the use of technology, time management, and adapt to contextual constraints, the mentors became willing to step back.  In one of the mentors words, “I am just background.”  This “receding into the affordance background”, ultimately, had a strong influence on the learning context and resultant student understandings.  Lastly we witnessed that learning, when occurring in the context of a situated activity, was “seamless” (Lave, 1988).  This was evident in students’ effortless shifting between the role of learner and teacher, depending on their experience with the specific task at hand.
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