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Description of Our Activity


Our principal activity for the project has been to reflect on pedagogical problems associated with the creation and delivery of graphics designed to promote comprehension of difficult scientific and mathematical concepts through visualization.  This focus began with an interest on Grummon’s part in practical methods for preparing animated visualization experiences for undergraduate students in a large introductory course in Materials Science.  He concluded rather quickly that, except in unusual circumstances, preparation of such teaching aids ‘from scratch’ would not be practical for most instructors, even given the software tools currently available.


Our focus evolved into a more general consideration of the ways in which graphical information is perceived, especially by non-experts (students) contemplating graphics prepared by an expert (the instructor, one hopes).  The tendency of experts to notice meaningful patterns not perceived by novices, and to organize knowledge in ways reflecting deep understanding that are ‘conditionalized’ on a certain set of circumstances, allows them to retrieve knowledge with little attentional effort.  Obviously this does not guarantee an ability to convey this knowledge to novices effectively, and opportunities for miscommunication, or worse, communication that results in real confusion, are numerous and varied. 


For example, we learned about the tendency for students to focus on the surfaces depicted in graphical representations (when, in fact, the lines and intersections often contain more real meaning).  This led us into interesting conversations around the nature of graphical representations in terms of a hierarchy ways in which surfaces, lines and points relate to concrete reality.  Beginning with a classification used by Wu, Krajcik and Soloway, that divides ‘reality’ into macroscopic, microscopic and symbolic categories, we reflected on the relationship that graphic elements can have with concrete concepts in these realms.  For example, a photograph is a graphic device in which the surfaces in the picture have a one-to-one correspondence to real surfaces.  (This need not be confined to the macroscopic scale if we consider, for example, a scanning tunneling micrograph of an atomic surface.)  However, for much of what we teach about the microscopic world we are eager to build the skills needed to visualize in ways that bear only abstract relationships to reality (i.e., consider surface-dominated depictions of atomic orbitals).  


We do this too in the case of purely abstract notions such as the Carnot Cycle.  It is these dynamic concepts (dynamic in time, or perhaps other dimensions like temperature) that most strongly invite an animation approach.  For these sorts of graphics we examined the nature of the ubiquitous x-y plot in terms of the level of abstraction of the ‘space’ implied by the choice of Cartesian scales:  These may be ‘real’ spaces, like height vs distance in a projectile trajectory, or semi-real, like a free energy vs composition diagram.  Or they may involve complex coordinate systems like those appearing in binary phase diagrams, where the attempt to associate the two-dimensional plot with a ‘space’ of any kind is confusing.  The latter diagrams are so frustrating (initially) to novices that one must superimpose concrete pictorial representations on the graphic to have any hope of conveying practical meaning.   


Our online conversations with the other participants were interesting and enlightening.  There was general agreement that (1) students who wrestled with these sorts of graphics were the better for the experience, especially when actively engaged in developing their own pictorial representations; and (2) the richness of graphical content places an acute burden on the instructor to present them in an ‘unfolding’ way - in which a complex graphic is ‘built up’ in a deliberate, piece by piece way, such that the final complexity can be appreciated.  This was a fitting connection, in the end, to our original interest in animation - the notion that even a static graphical representation must be built up, frame by frame, in order to come to life. 
Results, Assessment and Next Steps


Our results here are not readily tabulated - this has been an experience of discovery and some enlightenment on our part.  It will yield its results over time as (particularly in DSG’s case) as we modify our practice and observe outcomes as evaluated by our usual blunt instruments of assessment.  More concretely, we have in mind to work together to develop some better instruments to assess the graphics used in Grummon’s MSE 250 class in the Spring of 2004.  Here we are interested to learn more about what graphical elements students tend to focus on, and how their attention can be guided more intelligently.
