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Here are four Explorations (including solutions) that I wrote to give my students a taste of the 

four concepts of calculus (limits, derivatives, integrals, integrals) during the first week of the 

course. The concepts are developed graphically, numerically, and verbally, using accurate 

graphs on paper, verified by graphing calculator. You are welcome to use these Explorations in 

various ways (including cooperative groups or flipped classroom) for direct teaching of students 

in your school. Please do not use them in any way that would infringe on the copyrights. 

• Exploration 1‐1a: Instantaneous Rate of Change of a Function (first day of calculus) 

Students investigate the motion of a door swinging open and closed, first by sketching a 

reasonable graph of number of degrees, d(t), the door is open, versus number of seconds, t, 

since it was pushed. Then they investigate the function d(t) = 200t(2
–t
) that has a graph 

similar to the one they have drawn. They estimate the “instantaneous rate” at t = 1 by 

calculating average rates over smaller and smaller time intervals about t = 1. They learn that 

a derivative is the limit of the average rates of change as the time interval approaches zero. 

They can go home on Day 1 and say, “Hey Mom and Dad! I did calculus today!” 

• Exploration 1‐2a: Graphs of Functions (Day 2) 

Students get a brief review of graphs of different kinds of functions from precalculus. 

• Exploration 1‐3a: Introduction to Definite Integrals (Day 3) 

Students investigate the motion of a car as it slows down after passing a truck then 

continues at a constant velocity. They observe that when the velocity is constant, (distance) 

= (velocity)(time), and thus the distance traveled is equal to the area of a region under the 

velocity‐time graph. From a given accurately plotted graph on paper (whose equation is not 

given), they estimate the distance the car goes while slowing down by counting squares 

under the curved portion of the graph. They learn on Day 3 that a definite integral gives a 

way of multiplying the y‐variable by the x‐variable if y varies with x. (Indefinite integrals and 

the fundamental theorem come later, after they learn and apply derivative formulas.) 

• Exploration 1‐4a: Definite Integrals by the Trapezoidal Rule (Days 4 and 5) 

Students investigate the motion of a hypothetical spaceship as it speeds up and slows 

down, first by counting squares under the given accurately‐drawn velocity‐time graph as in 

Exploration 1‐3a. Then they are given the equation of the graph, divide the region under the 

graph into four trapezoids, and calculate by hand the sum of the areas. Next they download 

a program to find the sum of the areas for n trapezoids. They observe numerically that the 

definite integral is equal to the limit of the sum of the areas as n approaches infinity. 

The Explorations accompany my text Calculus: Concepts and Applications, originally published 

by Key Curriculum Press and now with Kendall Hunt. For a 30‐day free trial of the text, including 

the 150+ Explorations, go to www.flourishkh.com,  click on “Preview Now,” under 

“Mathematics,” click on “Calculus,” then click on “Request a trial.” 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