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Abstract 

This dissertation reports on three studies about students’ conceptions and learning of the 

idea of instantaneous rate of change. The first study investigated 25 students’ conceptions of the 

idea of instantaneous rate of change. The second study proposes a hypothetical learning 

trajectory, based on the literature and results from the first study, for learning the idea of 

instantaneous rate of change. The third study investigated two students’ thinking and learning in 

the context of a sequence of five exploratory teaching interviews. 

 The first paper reports on the results of conducting clinical interviews with 25 students. 

The results revealed the diverse conceptions that Calculus students have about the value of a 

derivative at a given input value. The results also suggest that students’ interpretation of the 

value of a rate of change is related to their use of covariational reasoning when considering how 

two quantities’ values vary together. 

 The second paper presents a conceptual analysis on the ways of thinking needed to 

develop a productive understanding of instantaneous rate of change. This conceptual analysis 

includes an ordered list of understandings and reasoning abilities that I hypothesize to be 

essential for understanding the idea of instantaneous rate of change. This paper also includes a 

sequence of tasks and questions I designed to support students in developing the ways of 

thinking and meanings described in my conceptual analysis. 

 The third paper reports on the results of five exploratory teaching interviews that 

leveraged my hypothetical learning trajectory from the second paper. The results of this teaching 

experiment indicate that developing a coherent understanding of rate of change using 

quantitative reasoning can foster advances in students’ understanding of instantaneous rate of 

change as a constant rate of change over an arbitrarily small input interval of a function’s 

domain. 
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