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The Experiment

Develop a new introductory physics course 
that actively engages students in and out of 
class

Constraints:

Large class size

Classroom is a large lecture hall

Cover sufficient content in a two semester 
sequence
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Goals for the New Course
Actively engage students during class

Curriculum perceived as interesting and 
relevant to students

Hone conceptual understanding as well as 
quantitative problem solving skills

Develop approximation and estimation skills 
necessary for “real world” problem solving

Integrate modern physics into the 
curriculum
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How to engage students?
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How to engage students?

Instructor talks less.  Students talk more.
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“15 Minute” Rule
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A Typical Class Period

Mini-Lectures

Two Minute Problems

Interactive Problem Solving

Demonstrations
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Two Minute Problems

Multiple choice or True/False conceptual 
questions posed to entire class

Students discuss the problems with nearest 
neighbors and build a group consensus
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Student Response Systems
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Interactive Examples

Sophisticated quantitative and conceptual 
reasoning problems that illustrate key 
principles and applications of fundamental 
ideas

Problems are broken into digestible pieces, 
so that students can formulate a problem 
solving framework in a few minutes

Small and large group discussion elements
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Crucial Elements for 
Successful Engagement

A non-threatening environment

Reward desired behavior

Class participation is 5% of grade

Exams contain qualitative and quantitative 
reasoning elements like those practiced in class
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How to engage students?

Instructor talks less.  Students talk more.

Keep it “real” and/or make it fun.
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“Real World” Problems
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“Real World” Problems
Often we idealize our problems so much 
that students do not see relevance to the 
real world.

Encouraging students to grapple with non-
idealized problems...

...  develops high level problem solving skills 
(approximation, estimation, synthesis)

...  gives students confidence that they are 
capable of analyzing the world around them

...  maintains student interest despite a 
demanding homework schedule
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Real
Event
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Wow!  I can do this!
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Example:  BBQ Ribs Anyone?

When Dr. Trousil was in college she waitressed during the summers at 
Billy's Bar & Grill in her home town of Anoka, MN.  On Friday nights, the 
dinner special was a rack of baby back bbq ribs.  On one particularly
busy Friday, she learned a memorable lesson about static and kinetic 
friction.  As she walked out of the kitchen carrying a large tray of food, 
including a platter of ribs, she remembered that she had forgot to bring 
a dinner sald to another customer, so she quickly stopped to grab a salad
before heading out to the dining room.  The sudden deceleration caused
the platter of ribs to slide off the tray and launched them into the air, where they proceeded to crash loudly 
to the floor in the middle of a packed dining room.  Mortification ensued...

a)  To help Dr. Trousil understand what went awry, consider a tray supporting a plate of ribs.  Her hand provides a contact force

      on the bottom of the tray to support the tray and  food.  Dr. Trousil is initially moving to the right when she suddenly stops.

      Draw free body and free particle diagrams for the tray and the ribs for the case when the platter does not slide relative to the 

      tray.  Circle any third law force pairs.

b)  Identify the forces responsible for the following actions:

Force responsible for bringing the tray to rest:  

Force responsible for bringing the ribs to rest:

c)  Determine the maximum horizontal force that Dr. Trousil's hand can exert on the tray so that the plate of ribs does not slide 

      relative to the tray.  The plate of ribs has a mass of 1.0 kg, and the tray is approximately twice the mass of the platter of ribs.  

      The coefficients of friction between the plate of ribs and the tray  are µs = 0.4 and µk = 0.25.  You may assume that the tray

      does not slip with respect to her hand.

d)  If the horiztonal force exerted by her hand on the tray exceeds this maximum value, the platter of ribs will move

      relative to the tray.  Will the magnitude of the acceleration for the platter of ribs be less than, greater than, or equal

      to the magnitude of the tray's acceleration? Which was does the kinetic friction force on the ribs (due to the tray) act?

     Relative to the tray, which way does the plate of ribs move?
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How to engage students?

Instructor talks less.  Students talk more.

Keep it “real” and/or make it fun.

Pose counterintuitive questions and 
problems that will generate debate.
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A battleship simultaneously fires two shells with the same 
muzzle speed at enemy ships.  If the shells follow the 
parabolic trajectories shown, which ship gets hit first?

A)  Ship A
B)  Both ships get hit at the same time.
C)  Ship B
D)  Need more information
Z)  ???
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How to engage students?

Instructor talks less.  Students talk more.

Keep it “real” and/or make it fun.

Pose counterintuitive questions and 
problems that will generate debate.

Incorporate “hot” topics in current 
research/popular science into class
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Six Ideas That Shaped Physics

Novel introductory physics text that 
organizes curriculum around six underlying 
themes in physics

Seamlessly integrates modern physics into 
curriculum

Six Ideas Text
Unit C:! Conservation laws constrain interactions
Unit N:! The laws of physics are universal
Unit R:! The laws of physics are frame independent

Unit E:! Electric and magnetic fields are unified
Unit Q:! Particles behave like waves
Unit T:! Some processes are irreversible
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How to engage students?

Instructor talks less.  Students talk more.

Keep it “real” and/or make it fun.

Pose counterintuitive questions and 
problems that will generate debate.

Incorporate “hot” topics in current 
research/popular science into class

Let them know you are watching!
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Keep them on their toes!

Learn names and use them with reckless 
abandon!

Solicit participation from all parts of the 
classroom.

Ensure all students have an opportunity to 
contribute.
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The Cost of an 
“Active Learning” Classroom...
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The Cost of an 
“Active Learning” Classroom...

Extensive self-study on part of students is crucial.

Students must prepare for every class period in 
order to benefit from and contribute to the 
discussion.

Unpredictable class sessions!
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Traditional Lecture

Active Learning Classroom

A Paradigm Shift

•" Instructor is gatekeeper of information.

•" Goal of students is to acquire information.
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Traditional Lecture

Active Learning Classroom

A Paradigm Shift

•" Instructor is gatekeeper of information.

•" Instructor is a coach, facilitator, traffic cop...

•" Goal of students is to acquire information.

•" Goal of students is to wrestle with new ideas,
! practice conceptual and quantitative problem
! solving, and give their own voice to the topics
! being studied
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What have we learned?
Students like the ability to talk during class.

They initially resist the idea that there may be 
more than one “right” answer or way to 
approach a problem, but with time and practice 
students become more comfortable with a world 
filled with many shades of gray.

Students perceive this course to be easier than 
the traditional lecture-based class.

Interesting and effective approach for a broad 
audience.
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