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Developing New Notations for a Learnable Mathematics in the Computational Era

James Kaput, Richard Noss, and Celia Hoyles

Summary

“Most representational infrastructures develop in response to the social needs of one or more groups, where the needs might well be very broad and involve the whole society as was the case with the development of writing…”

“… the central challenge of mathematical learning for educators is surely the design of learnable systems. Such systems depend for their learnability (or lack of it) on the particularities and interconnectedness of the representational systems in which they are expressed.”

· Kaput, Noss, and Hoyles present a discussion of the evolution of the mathematical representational systems, from inscriptions denoting object-types and their properties to systems based on the numerosity property. These then evolved to notation systems that support quantitative computation. The Hindu-Arabic numerals represent a further evolution as computational skill became encoded in syntactically defined rules (algorithmic methods) on a symbol system. Algebraic symbolism embodied hard-won understandings of general mathematical relations and functions.

· The evolutions of the representational system had a parallel evolution in the medium in which they were inscribed.

· As the mathematical notation evolved and as the medium became more accessible so spread the number of people using the notation and developing the skills to use the notation appropriately to perform “mundane” tasks.

· Calculus has a specific notation to convey the idea of “a Calculus”. The Leibniz notation, which dominated the way calculus, was used was at least as important as the insights that it encoded.

· The authors propose a new representational infrastructure for learning the ideas of Calculus and make it accessible to more people: Cartesian graphs coupled with embedded derivatives and integrals and linked to phenomena. These new representational infrastructures are made possible through the medium of the computer and keyboard hardware.

· The key features of the new system are

· The definition and direct manipulation of graphically defined and editable functions

· Direct hot-linked connections between functions and their derivatives or integrals

· Direct connections between these new representations and simulations to allow immediate construction and execution of variation phenomena.

· Importing physical motion-data and reenacting it in simulations, and exporting function-generated data to define Line Becomes Motion to drive physical phenomena.

Conclusions

· “The evolution of representational infrastructures and associated artifacts and technologies have over long periods of time, gradually externalized aspects of knowledge and transformational skill that previously existed only in the minds  and practices of a privileged elite”.

· “New computational media offer the opportunity to create democratizing infrastructures which will redefine school knowledge”.

SimCalc: Accelerating Students’ Engagement with the Mathematics of Change

Jeremy Roschelle, James Kaput, and Walter Stroup

The authors develop an argument that stresses the importance of making the mathematics of change and variation (MCV, Calculus) accessible to a much wider audience. The mission of the SimCalc Project is to give ordinary children (not just the 10% of the population that are able to navigate the mathematics curriculum) the opportunities, experiences, and resources they need to develop extraordinary understanding and skill with MCV.

· Using a combination of advanced technology and carefully reformulated curriculum to make the topics more accessible.

· Creating access requires deep inquiry into the reconstruction of subject matter. (Subject matter reconstruction)

· Access begins from a deep understanding of the nature of genetic seeds of understanding within children’s experience. (children’s conceptual and linguistic resources)

· Technology mediates the process of inquiry. (technological mediation)

· Visualization has played an important part in math and science reasoning. The authors take this one step further and say that the power of visualizations and simulation arise from the role of computer displays as sites for interaction among students and with teachers.

· Visualizations that are able to be manipulated mediate children’s construction of shared meanings. Therefore, create visualizations and simulations that specifically leverage their role as media for collaborative inquiry:

· extending students’ engagement with the aspects of concepts that they find problematic 

· supporting shared focus of attention and part-whole analysis

· enabling gestural and physical communication to effectively supplement verbal communication

· engaging students in actively doing experiments, and providing meaningful feedback through an interface that is appropriately suggestive and constraining

Key feature of MathWorlds (SimCalc)

· dynamic linking among multiple representations (position, velocity, and acceleration graphs)

· multiple representations are linked to real world motions (horizontal motions: walking, dancing, marching; vertical motion: elevator; position and time: target hitting)

· students can import their own body motion via an MBL motion probe

· a set of controlled experiments

· marking of specific places in the animated world or graph

· toggling between visually rich animated worlds and visually bare schematics to support idealization

Changing Representational Infrastructures Changes Most Everthing: The Case of SimCalc, Algebra and Calculus

James Kaput and Roberta Schorr

“While empirical research played a role at several junctures, the bulk of the research was and continues to be intimately tied to the iterative design processes centered on trying various representational options, answering questions such as:

· How to make a smooth, comfortable interface with a flexible authoring capability within the constraints of next-generation software and hardware?

· Does it make sense to users, and how does it change their capabilities over time, for both students and then teachers?

· How to control and scale complexity of the user experience?

· What are the curricular implications and how do these change as authoring capabilities changes?”

These questions in turn give rise to questions about implementation as the curriculum and technological platforms mature.

Implementation Strategies

· Technological generalization across platform types

· Curricular integration with standards-based and other curricula

· Developing and testing teacher education materials

· Scaffolding teacher practices

· Creating commercial partnerships

· Supporting further research (wireless technologies)

This paper revisits the ideas developed in the first paper on how the evolution of representational infrastructures together with their material technologies create changes in the methods of expression, the learnability of the subject, and the accessibility. In this paper they discuss writing systems instead of mathematics systems.

They see three profound consequences of the development of the new medium for carrying new representational infrastructures.

· The knowledge produced in static, inert media can become knowable and learnable in new ways by changing the medium

· New representational infrastructures become possible that enable reconstitution of previously constructed knowledge

· The construction of new systems of knowledge employing new representational infrastructures each of which has multiple forms of notations and relationships with phenomena.

Here are some other websites that may be of interest:

www.concord.org/intec/tools/sc/a1reflect.html
A teacher to teacher work space

www.terc.edu/mathofchange/Y2Demo/
The SimCalc tools without the animated environments

