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Abstract: Scientific visualization tools have shown tremendous promise in drawing today's increasingly visual learners into in-depth inquiries in mathematics and science. One of the critical questions surrounding the use of these relatively advanced tools is the stages which teachers go through in moving these tools into their own practice. In this paper we examine existing schemas for these stages of development. Then we relate one of those schemas to Project VISM, an ongoing NSF-funded project intended to help middle school and high school math and science teachers learn the techniques and application of data visualization for their own classroom. We describe these stages of development for each of four different scientific visualization tools. Then we conclude the paper by proposing some further development of the models based on our experience followed by a brief discussion of related issues.
Scientific visualization tools offer a rich use of the more powerful computers that are becoming more and more plentiful in school districts today. These are a set of inquiry-based tools, many of which were originally designed to help scientists understand and explore different datasets or physical phenomenon. Visualization tools have shown great promise in drawing today's increasingly visual learners into in-depth study of scientific and mathematical topics (Baker and Case, 2000; Greenberg et. al, 1993; Gordin and Pea, 1995; Jonassen, 2000; Thomas, 1996;).

Both the promise and the relatively advanced nature of this software leads to the question of how to get more teachers involved in using visualization tools in their classrooms. Many projects offer extended training for teachers in one tool, but extended training is often too much, too soon. Project VISM is an NSF-funded project intended to focus more broadly on the techniques of visualization and not so much on particular tools. In addition, the project intends to build a cadre of trainers able to introduce teachers to techniques in short, focused sessions and then enable them to go back to their classroom and try an initial lesson or two. 

One of the critical questions surrounding the work of this project is the stages which teachers go through in adopting these new and relatively advanced technological tools (such as scientific visualization) into their own practice. In this paper we first examine two existing descriptions of these stages of development: The CERA conceptual framework and the ACOT model. Then we describe Project VISM in greater detail, relating the ongoing work of the participating teachers in the project to the ACOT model. We propose some refinements to the ACOT model in conjunction with our work in Project VISM  and conclude with a brief discussion of some of the larger questions related to how teachers bring these tools into their teaching practice.

Stages of development in using technological tools

Discussions of using inquiry-based technological tools to promote better learning in science and mathematics often begin with concerns about the preparedness of teachers to use these tools in the chronically undersupported technological infrastructures of K-12 education. In the midst of these concerns, it is often recognized that teachers progress through identifiable stages of development in using these tools in their classroom. There are two outlines of these stages of development that are particularly noteworthy for consideration: the CERA framework and the ACOT model. Both of these have been articulated in the context of long-term professional development efforts carried out in the field with practicing educators.

Researchers at the Center for Highly Interactive Computing in Education (hi-ce) proposed a conceptual framework called CERA. CERA stands for Collaborative construction of understanding; Enactment of new practices in classrooms; Reflection on practice, and Adaptation of materials and practices (Krajcik et. al, 2000). This framework provides the background for a number of collaborative professional development efforts carried out with a particular urban school district. Thus far their work suggests that it takes teachers about three years to become proficient in doing inquiry-based science supported by technological tools (Blumenfeld et. al, 1994). These researchers have used this framework to enact five middle school curriculum projects that address particular topics using an inquiry-based science approach that utilizes scientific visualization tools.

A second and more general model of the stages of development teachers progress through in adopting technological tools into their teaching practice was first articulated as part of the Apple Classroom of Tomorrow (ACOT) project. The ACOT model suggests that teachers may progress through as many as four stages of development in using technological tools in their teaching practice (Sandholtz, et. al, 1997). Those stages are:

· Entry level-competent using the tool
· Adopt the tool into their teaching practice 

· Adapt the tool into their teaching practice

· Innovate with the tool in their teaching practice

The ACOT model suggests that it often takes about three years to progress through these various stages, and that in fact adopting the tool often corresponds to the first year's use, adapting the tool corresponds to the second year's use, and innovating with the tool corresponds to the third year's use. It is important to note that this is not a causal model. It is not suggested that all teachers inexorably progress through these stages. Many remain at one or another stage of development. In fact, with the proliferation of different software tools of increasing sophistication, it may not be possible (or even desirable) for many teachers to reach the innovation level with all the tools they use in their teaching practice. 

Project VISM

The Integrated Science and Technology program at James Madison University (with the sponsorship of the National Science Foundation) is holding summer workshops in the techniques and application of data visualization for math and science teachers. These three-week long workshops are intended to help teachers see the forest (data visualization possibilities in the classroom) as well as the trees (software and curricula). Teachers will learn four specific data visualization tools:

· Image processing with NIH Image or Scion Image software

· Geographic Information Systems (GIS) with ArcView GIS software

· Molecular visualization with RASMOL and Chemscape Chime software

· Systems modeling simulations with STELLA software

The overall intent of the project is to help more teachers and students involved in using data visualization to learn more about science and mathematics. Below is a brief description of each of these four tools.

Image processing involves the manipulation and analysis of digital images. It has a significant heritage in biomedicine and planetary science research, and images can come from spacecraft in the far reaches of the solar system or from a digital camera in a student's hand. Geographic Information Systems (GIS) have been described in a recent popular journal as "mapping applications that take spatial data for a variety of topics and layer them one on top of the other in order to see a correlation that is otherwise difficult to notice" (Geographic Informations Systems in the Classroom, 2000). GIS systems are currently being used in everything from environmental research to urban planning to marketing and law enforcement. Molecular visualization is a technique that has long been in use by research scientists on high performance computers. But recently the tools have become available for students and teacher to be able to create sophisticated molecular models that play in readily available web browsers with the use of a simple plug-in. Systems modeling tools such as STELLA allow students to create a linked set of processes in a given situation without first getting bogged down in the mathematics. Teachers and students can create models of the spread of infectious diseases, or the trajectory of a water balloon, or the stresses in the life of a high school senior.

Instructors who have used these tools in their own classrooms, both high school and university faculty teach these sessions. This ongoing project has already worked with its first cadre of teachers in the summer of 2000. Online and limited in-person follow-up in the classrooms of these teachers will permit us to follow the stages of development that they follow in moving these tools into their own teaching practice. In addition, the project is recruiting participants for the next two summers. Middle school and high school teachers who have experience in using technology and want to learn to use these new visualization tools in their classes and share
their skills with other teachers are encouraged to apply at the Project VISM (2000) webpage listed in the references section: http://www.isat.jmu.edu/common/projects/vism/summer.htm
Deliberate discussions of the ACOT model were held with the instructors during this past summer's workshop. Initially they were presented with a summary of the model and then asked to specify what the use of each of their respective tools would look like at the entry, adopt, adapt, and innovate level in the classrooms of the teachers in the project. In this way they were asked to make explicit their expectations for the participant's use of each tool. 

Table 1 lists the a summary of those conversations. This matrix was initially developed to assist in identifying each participant’s stage of development for each tool at the end of the first year of the project. Thus some of the descriptors may be a bit cryptic for readers not involved in the project, and further explanation is in order. The first column of the figure lists the four different tools. Then the at the top of the next four columns there is a list of the four stages of tool development: entry, adopt, adapt, and innovate. 

For this project we defined the entry category as being competent to use the listed tool after the workshop was completed (see Table 1). Under each tool we listed what the instructors described as the competencies that each participant accomplished through the course of the workshop. For example, the instructor for the image processing portion of the project listed the specific image processing skills that were taught. The instructor for the molecular visualization tool listed the particular software-related skills, and then described the tutorial that each participant created that applied those skills to telling a molecular story. The instructor for the geospatial analysis tool listed the three main activities that all participants completed in the course of the workshop. The instructors for the systems modeling software took a somewhat different approach. They listed in order of increasing difficulty the things they hoped the participants would be able to accomplish using STELLA software. Thus at the entry level they state that the participants will be able to add an interactive "shell" or front end to an existing simulation and use it with their students. That is precisely what the participants did during the workshop with the instructors, but the next step for the participants to take is to create such a front end for a model that relates to their own curriculum. 

The adopt category in Table 1 is defined as having the participants use the tool with their students in the context of their own teaching. Typically it is associated with the first year of use of a new tool. For the image processing and geospatial analysis tool, this stage is characterized by the participants taking one of the activities from the workshop and trying them out with their students. This process of adoption was facilitated by the instructor of the molecular visualization tool by an activity she had the participants carry out at the end of the workshop. The participants compiled a list of RasMol files of other molecules to use with their own students. These files, also called .pdb or Protein Data Bank files, are 3-D macromolecular structure data files. One of the ways in which the participants might adopt this tool into their teaching practice is to use this list to build molecules related to topics that they are studying in the classroom. Two other ways in which participants might use RasMol are listed in the adopt category: 1) participants might use RasMol files to create molecules for presentations to their students and 2) participants might use the interactive webpage they created in the workshop with their students. The instructors of the systems modeling portion of the workshop described the adoption phase in two different ways as well. First, participants in this stage will operate a STELLA simulation with their students, perhaps in a teacher-directed activity to simulate something related to a topic in their curriculum. This might be a part of a lecture or demonstration in the class. Second, participants in this stage will 

	Tools
	Entry-competent in using the tool at the workshop 
	Adopt the tool into their teaching practice (Year 1)
	Adapt the tool into their teaching practice (Year 2)
	Innovate with the tool in their teaching practice (Year 3)

	Image processing:

NIH Image 

or 

Scion Image
	Skill set taught to participants: 

· Open an image

· Manipulate LUTables

· Measure/set scale

· Profile plot/surface plot

· Stacks and animations

· Capture their own JPEG images

· Average images

· Copy/Paste images
	Participants select one of the workshop activities and successfully use it with students (preferably on a regular or recurring basis).
	Participants significantly modify one or more of the workshop activities into their own teaching practice.
	Participants bring in their own images and apply a variety of image processing skills as part of a student-initiated inquiry.

	Geospatial Analysis: ArcView GIS
	Participants successfully completed the identified activities in the workshop

· ArcView project intro

· Exploring Projections

· GeoProcessing Wizard
	Participants successfully do one or more activities from the workshop with their students
	Participants significantly modify an activity from the workshop to fit the needs of their curriculum/students/ technical constraints and incorporate found data.
	Participants can create their own GIS activity using an original data set/source

	Molecular Visualization:

RasMol and

Chemscape Chime
	All participants were successfully able to:

· embed Chemscape Chime structures within a web page

· write scripts to interact with and animate the Chime structures.

They used these skills to create tutorial websites on molecules that they selected as part of the “mineral web.”
	· Participants use existing .pdb file collections to manipulate molecules to create graphics, make measurements, and show molecular properties. 

· Participants use the web page they created in the workshop to teach a concept in their curriculum. 

· Participants use the list of .pdb resources (for their content area) with students.
	· Participants are able to find and download .pdb files from Internet sources and use those to write scripts in RasMol.

· Participants are able to write animated scripts in RasMol that tell a molecular story related to their teaching.
	Participants are able to embed Chemscape Chime structures within a web page and write scripts to interact with and animate those structures to create tutorial websites on molecules they have selected.

	Systems modeling: STELLA
	Participants put an interactive front end on an existing STELLA model and adapt it for their own use in their teaching. 
	Participants operate a STELLA simulation with their students.

Participants read & interpret STELLA system diagrams with their students.
	Students can name and document an existing STELLA model , e.g.:

· Given a generic system diagram and a physical description of a system, students can name and document the model and input the equations that run the system
	Students can build their own STELLA model from a written description of a system with the assistance of the participants.


Table 1. A matrix of the stages of tool use by the participants in the VISM project

read and interpret STELLA system diagrams with their students as part of efforts to better understand a particular topic that is being studied.

The adapt stage in this model is the step when the participants begin significantly changing the activities that they have already adopted into their teaching practice. Judi Harris describes this process in another context as “tweaking” an activity (Harris, 1998), pointing out that good teachers modify activities to make them their own. In fact she points out that this reinvention process is a critical part of effectively using any new learning. This stage is generally not reached until the second year of use of a new tool, though it is not expected that all participants would necessarily reach this stage. For both the image processing and geospatial tools in this workshop, the adapt stage is described in Table 1 as modifying one of the activities that was completed in the workshop in such a way that it better fits the curriculum of the participant’s classroom. For the molecular visualization tool, the adapt stage was described in two possible ways. First, that participants would locate new.pdb files from the Internet and use them to write new scripts in RasMol. A second possibility is that participants would write animated scripts in RasMol that tell a molecular story related to a topic in their curriculum. Note that both of the activities could be part of enhancing teacher presentations of material to their students, versus being tools that the students themselves would use for their own projects. For the systems modeling tool, the adopt stage is described as when the participant’s students can name and document an existing STELLA model. For example, if the students are given a generic system diagram and a physical description of a system, the students can name and document the various features of the STELLA model and input any necessary equations. Note this is not the same as “authoring” a STELLA model. In a sense it is the ability to “rough out” such a model on paper before working to write such a simulation with STELLA.

The innovate stage is the one that almost any workshop leader hopes their participants reach for any given tool. But as was pointed out earlier, it was not an expectation of the leaders of Project VISM (nor is it a realistic expectation for any suite of software tools) that all participants would reach this stage. In the ACOT project it was generally found that it took at least 3 years to get to this level. For all the tools in Projects VISM, the innovate stage can be summed up in one word: authoring. With the image processing tool, the innovation stage means that participants help their students bring in their own images and use their image processing skills to help students carry out (or author) their own scientific inquiries using this tool. In the case of the geospatial analysis tool, the innovate stage means that the participants create (or author) their own GIS activity using original (and, in many cases, local) data. For the molecular visualization tool, the innovation stage means that the participants create (or author) their own webpage that uses Chemscape Chime structures to create a tutorial for their students. For the systems modeling tool, it means that the students can build or author their own STELLA model from a written description of the system with coaching from their teacher.

Refinement of the ACOT model for scientific visualization tools

As part of our work with the instructors and participants Project VISM, we have developed some refinements to the ACOT model that we think are pertinent to the kinds of more advanced tools we are asking teachers to use with their students. The current ACOT model bases each of the stages on a given level of competency with the technological tool, and describes their development in using that tool with their students. But in working with scientific visualization tools with teachers we have noticed that this competency really has three component parts. Those three parts are:

· Competency with the software tool 
· Competency with the scientific data that the tool uses

· Competency with the pedagogical content knowledge needed to teach curricular content using the tool

We believe that these three components help determine a teacher's ability to move forward into the next stage of development in using a given tool. For example, imagine a teacher has just attended a workshop and learned how to use NIH Image, an image processing tool, and also has some images and classroom-ready activities prepared for their first efforts at using this tool with their students. What I've just described there is a teacher ready to adopt image processing into her classroom because she has the capabilities to use the tool (NIH Image), has the necessary data (the images) and has a first "cut" at knowing how to "chunk" this activity to achieve particular educational objectives that are in her curriculum (classroom-ready activity she received or created at the workshop). These same three components come into play as that teacher moves to the adapt level of development. For example, in the second year that same teacher uses the activity, she might significantly "tweak" the materials and/or the approach she uses to teach the same material. One might argue that this "tweaking" is a prerequisite for even first time use of the activity, but the kind of changes we are suggesting here are more substantive and often require teaching the material once to "kick the bugs out" of a given lesson or project. In addition, tweaking the activity might also involve learning some new aspect of the software tool, or refining one's approach to teaching the tool to students. Then in the innovate stage many teachers begin to bring in their own (and often locally more meaningful) data with their students. In NIH Image that might mean learning how to bring in a JPEG file from a digital camera at the best level of resolution, or how to find uncompressed TIFF files at a NASA website and download them onto their local computer from the World Wide Web. Moving to the innovate stage is often dependent on learning how to bring in new data sources.  Or it might be dependent on certain kinds of new pedagogical content knowledge, such as how to better enable student-initiated projects in the context of increasingly high stakes testing and standards-driven curriculum. Our idea is that significant development in one of these three components is consistently linked with moving forward to the next stage of development for many teachers. 

Discussion

At this writing we are still completing our discussions with the first year participants in Project VISM. We have not yet determined what stage they have reached with each of the different tools nor whether our notion of the importance of these other three components will be confirmed in our experience. We do expect that there will be some of the tools that they will have adopted into their practice and some that have not yet been used. 

But we do note that in many of our conversations with colleagues about the journey that teachers go through in using new technological tools to enable better learning situations in their classrooms, there is a good deal of discussion of "building capacity" in the system and "ramping up technological change." To our ears these sound like production metaphors. And while they may be helpful in reminding us to strive to create "sustainable" professional development efforts, they may also miss the fundamentally constructivist nature of teacher learning. In following up with our participants in the coming years we look forward as much to the parts of their professional development that do not find a place on matrices such as we have included in Figure 1, but nevertheless have terrific personal significance to the teachers in their day to day work in the classroom. 
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