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Only ≈1 in 200 students are like me or you.

99.5% aren’t.

These students are our “sample.” If we want them to succeed, we need to characterize our sample. We need to study the sample’s “interactions” with the environment that will transform its knowledge state.

•
What useful knowledge and skills do students bring to introductory physics?

•
What misconceptions and incorrect knowledge do they bring to physics?

•
How do students learn?

•
How do they organize their knowledge?

•
How do we design an “educational transformer” that is impedance matched to these students?
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The Student Laws of Motion

1.
If there’s no force on an object, the object is at rest or will immediately come to rest. But the converse is not true. An object being at rest does not imply no net force.

2.
Motion requires a force or, alternatively, force causes motion. In most cases, force is proportional to speed. The force may have to “overcome” an obstacle or resistance, such as friction, before the motion begins.

3.
Active agents impart an impetus to an object that cause the object to continue to move after the active agent is removed.

4.
When two objects interact, the larger object “wins” by exerting a larger force on the smaller object. Depending on the context, “larger” may mean more massive, faster, more powerful, or some other measure.

Better Teaching of Mechanics

1.
Understand motion, particularly the distinction between velocity and acceleration.
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2.
Identify forces/draw free-body diagrams.
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For most students, the difficulty is not the mathematics of working with F = ma. It’s the physics of identifying and working with forces.

3.
Provide appropriate laboratory experiences or interactive lecture demonstrations.
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4.
Help students organize their knowledge.
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•
Explicit use of expert-like problem-solving strategies.

•
Hierarchical chapter and part summaries.

•
Appropriate exercises and homework.

When students working on homework problems spend hours floundering, what they really practice is floundering. And if they spend most of their time haphazardly grabbing miscellaneous equations, they certainly do not practice valuable problem-solving skills.

Fred Reif

Objectives

1.
Confront students’ alternative conceptions.

2.
Teach explicit skills. 

3.
Have students actively engaged in doing physics.

Historically, we have relied on expository lectures. . . This is a very efficient method to transmit information in terms of the time interval needed. We know the concepts and techniques, and students do not. Why not just tell them? Study after study indicates that this expository method is very ineffective – the transmission is efficient but the reception is almost negligible.

Alan Van Heuvelen
Does It Work?

The Cal Poly Experience

Fall 1998, N ≈ 200 students

Three conventional lecture sections

Three “studio physics” sections


No lab/lecture distinction


All active learning all the time


Preliminary edition of Knight’s textbook


Thornton, Laws, Sokoloff RealTime Physics
FCI and common final exam, graded blindly.


Lecture
Studio

FCI Posttest (%)
68.0±2.1
79.0±1.4

Final exam (out of 150)
86.4±2.0
93.9±2.7

From the Concrete to the Abstract

Examples from E&M

What knowledge of electric and magnetic phenomena do students bring to E&M?
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What’s our response? To teach a very formal, abstract, and mathematical theory of fields and potentials that makes little connection with basic electric and magnetic phenomena.

What has a student gained by learning to recite Gauss’s law if, at the end of the course, they still have these same fundamental misunderstandings?

What Are the Alternatives?

1.
Focus on phenomena in lecture and lab.



Charge and charging



Polarization



Models of current flow in wires



Circuit elements and basic circuits



Magnets (permanent and electromagnets)



Induced currents

These are the phenomena that the theory of electromagnetism is intended to explain. How can students understand E&M if they’re unfamiliar with nearly all the phenomena?

2.
Rely more on superposition of fields, less on subtle, sophisticated mathematics.

3.
Close the loop! Does the theory explain the phenomena? Why does the refrigerator magnet stick to the door?

The Five Lessons

1.
Keep students actively engaged and provide rapid feedback.



Peer instruction



Interactive lecture demonstrations

2.
Focus on phenomena rather than abstractions.



Use experiential labs



From the concrete to the abstract

3.
Deal explicitly with students’ alternative conceptions



Elicit, confront, resolve



Reiterate!

4.
Teach and use explicit problem-solving skills and strategies



Develop skills in isolation



Help students organize their knowledge

5.
Write homework and exam problems that go beyond symbol manipulation to engage students in the qualitative and conceptual analysis of physical phenomena



You are what you test



Balance qualitative and quantitative 

