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Research over the past few decades demonstrates that calculus students have difficulties 
making sense of the derivative conceptually, even if they can calculate derivatives fluently (e.g., 
Orton, 1983; Carlson et al., 2002; Thompson & Carlson, 2017; Epstein, 2013). In a review of 
literature on ideas foundational to calculus learning, Thompson and Harel (2021) argue that that 
the underdevelopment of covariational reasoning skills may be the missing link in students’ 
ability to engage deeply with major calculus concepts including the derivative. Covariational 
reasoning, (i.e., reasoning about how quantities vary simultaneously and in relation to one 
another) is evident in the MAA’s recommended conception of the derivative as dynamic 
(Bressoud, 2015). Recent work emphasizes the need to promote “derivative as instantaneous rate 
of change or as a measure of sensitivity of one variable to change in another,” rather than the 
static conception of “derivative as slopes of tangent lines,” which does not make explicit the 
relationship between quantities (Bressoud et al., 2015, p. 18). 

A few recent studies suggest that calculus textbooks do not frequently provide opportunities 
for students to develop covariational reasoning skills with quantities related to the derivative. 
These studies used Carlson et al.’s (2002) five levels of (co)variational reasoning to compare the 
opportunities for covariational reasoning across international calculus textbooks (Chen, 2023) 
and between a regular and applied Calculus textbook (Mkhatshwa, 2022).  

This study adds a different perspective on opportunities for reasoning covariationally in the 
context of the derivative by analyzing introductory material about the derivative in a two widely 
used calculus textbooks, one traditional (Larson & Edwards, 2018) and one reform (Hughes-
Hallet et al., 2013) by applying a novel framework introduced by Tasova et al., 2018. Their 
framework for analyzing written curriculum, which they used to analyze precalculus content in 
calculus textbooks, merges Thompson & Carlson’s (2017) (co)variational reasoning framework 
with Moore and Thompson’s (2015) framework for static and emergent graphical shape thinking. 
This multi-layered approach allows for a more nuanced description of the opportunities for 
students to understand the derivative from a covariational perspective and for exploration of the 
alignment with a dynamic or static conception of the derivative.  

In this poster, I present the results of my directed content analysis (Hsieh et al., 2005) to 
answer the following questions: What opportunities does each textbook provide in its narrative 
and worked example sections for students to reason about quantities and variables related to the 
derivative as dynamic? and What are the similarities/differences between the textbooks in the 
nature and frequency of these opportunities? Results are supplemented with an expanded 
presentation of Tasova et al.’s (2018) framework that includes examples illustrating the range of 
opportunities textbooks provide. Finally, I present suggestions for both research and practice that 
focus on supplementing textbook opportunities to foster a dynamic conception and the 
implications of these results for equity and inclusion in STEM. 
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Calculus textbooks differ in the 

ways that they promote the 

derivative as static and dynamic. 

MOTIVATION:
• Even when they can work with derivatives 

procedurally, students still struggle 
understanding the derivative conceptually. 

• Covariational reasoning may help bridge 
this gap.

• How do textbooks promote conceptions of 
the derivative that are productive?

METHODS:
• I compared the intro chapter on derivatives 

from two commonly used calculus 
textbooks: 
• Larson’s Calculus 
• Hughes Hallett et al.’s Calculus: Single 

and Multivariable
• I coded narrative sections of the textbooks 

using a framework that distinguishes 
between static and dynamic conceptions 
of the derivative.

MAIN RESULTS:

Static and Dynamic:
How Two Textbooks 
Introduce the Derivative 

PRESENTER: 
Allison Olshefke

Static Dynamic

DynamicStatic
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Frequency

Static Dynamic Total

Larson 76.4%
(n = 84)

23.6%
(n = 26) 110

Hughes 
Hallett

46.5%
(n = 33)

53.5% 
(n = 38) 71

Larson Correspondence worked example (p. 102) 

Hughes Hallett Continuous Covariation Worked Example (p. 92-93)

Property-Shape Association worked examples 
(Larson p. 110 & Hughes Hallett p. 94) 
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