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1. Research Questions

* RQ1: How can we assess students’ understanding of integration in a physics context?

3. Sample Debate Problem From Lesson 2

(Starts with a story about a falling coffee filter, which students have seen in lab.) A few students are talking about
finding an equation for the total displacement of the coffee filter as it falls. Which ones, if any, are right? Which ones,
if any, are wrong? Or are they partly right and partly wrong? How would you convince people when they are wrong?

« RQ2: After collaborative learning, how will students talk about integration in a physics context?

a. Charles: “The equationis: Ah=v__t . .

This is a quick way of summarizing the whole series of numbers.”

b. Sandy: “The equation is: Ah=h, +v,dt +v, dt, +v,dt,+v, dt, +v, dt. .

We are adding up the little displacements from the different small amounts of time.”

c. Matt: “The equation is: Ah~h, —v, dt —v, dt, —v, dt, —v, dt, —v, dt; .

The velocities are negative because they point down.”

d. Jackie: “The equation is: Ah~t dv+t,dv, +t,dv, +t, dv, +t_ dv, .

This is basically the same as Sandy’s equation, except it emphasizes the changing velocity.”

e. Dawn: “The equation is: Ah~ZXv, dt. .
This is just a shorthand way of writing the sum.”

2. Methodology

* Participants: 16 students in an introductory calculus-based mechanics course.
 Six lessons, 1.5 hours each, over the course of 8 weeks.
e Students did not receive course credit, but were compensated financially.

* Students worked in groups of four. Lessons involved debate problems, group discussions
using whiteboards, and presentations to other groups. (See box 4) Students gave one
“Smartpen” presentation per lesson, which records both spoken and written information.

(See box 5)

Lesson plan:

1. Kinematics: introduction to infinitesimals
2: Kinematics: the integral as a sum
3. Force and work: the integral as a sum

4. Communication Plan
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5. Sample Student Work From Lesson 3

{) #QB The student is told that “Sam” understands the equation
<" “W = F x”; how can you explain to him why W = [ F dx?
Excerpts below are from a student’s presentation (“Kelly”):
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summing “boxes” or “lines.”

* When learning about static spatial integrals for the first time, many of our students
indicate that infinitesimals must refer to motions or “changes.” According to their
point of view, “dr” should not appear in an integral unless the physical situation
involves a changing radius, r.

“dx” is correctly described as “a little bit of compression.” Kelly
first writes “force,” then scribbles this out.
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