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On Abstraction, Formalism, and Proof – What can eleven year olds understand? 


This paper reports on the results of a series of lessons designed to teach middle school students about three major characteristics of mathematics, specifically geometry.  Using the history of geometry in classical Greece beginning in the 7th century BCE, we trace the major conceptual leaps that Proclus and others identified as the critical turning points in the evolution of geometry from an essentially concrete and practical craft of measurement to an abstract, rule-governed game of logic.  In particular, this experiment was intended to determine to what degree these 11-year old students could comprehend 1) the shift from concrete to abstract; 2) the difference between concrete objects and theoretical objects; 3) the differences between measurement and other empirical means of problem solving and demonstrations based upon logic and deductive reasoning; and 4) how well they could apply a few basic strategies in solving geometry problems; 5) how well they could understand and discuss the meanings and implications of formalism, abstraction, and proof; and 6) how extensively they could see the similarities between abstraction in geometry and abstraction is other domains, especially in science and art.  

This research follows on a paper presented at the Ninth International IHPST Conference in which the authors provided an outline of “primary transformative events” that serve to account for the transformation of geometry from an essentially practical, concrete craft to the formalized, abstract science found in Euclid’s summative text.  This project tests a particular approach to the teaching of these transformative events, and it explores the extent to which students at this earliest portion of Piaget’s stage of formalized operations can grasp cultural constructions that are counter-intuitive.  

This paper reports on the preliminary results of an effort to teach American sixth graders (approximately eleven years of age) about the transition of geometry in classical Athens from an essentially concrete and empirical practice of surveying to an abstract, formalized game of logic from the time of Thales to the time of the Pythagoreans.  The experiment was conducted among two groups of middle school students in a social studies classroom where students had already learned much of the historical context of the great civilizations that preceded the rise of classical Greek civilization in the sixth century BCE.  A cultural-historical approach to the teaching of these three key sets of cognitive transformations is described, and results are presented from both qualitative and quantitative data.  The significance of this study rests on the assertion that conceptual underpinnings to a complex, formalized field of study can be given a preliminary grounding for students in preparation for subject they will study more formally within a few years, creating a predisposition to understand how that subject is configured.  
