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Thank You

• Carl Wieman – Learning goals workshop, reading group

• Sarah Gilbert – Reading group, NOJO group

• Jim Carolan, Peter Newbury – Interviews in Phys 101

• Carl Wieman and Jim Carolan - Phys 100 course design

• Sandy Martinuk – Phys 100 tutorials, student project, 

contributions to changes in Phys. 100. 

• Peter Newbury – Phys 101 labs, Phys 102 labs, support 

with Phys 101 worksheets

• Ido Roll and Jim Carolan - Reform of Phys 100 Labs

• Louis Deslauriers – Help with design of pre-reading, 

lecture activities based on clickers and worksheets, lecture 

reflection sheets, Louis‟ rule.

• Cynthia Heiner – Gets involved in Phys 101 this summer. 



My Classes

• Phys 100, Phys 101, Phys 102

• N = 150 – 250

• Non-Physics Majors

• Required courses for most students

• Large lectures in Hebb Th

• How did my teaching change?



Before CWSEI:

• Since 2002: clickers and „peer instruction‟.

• Typical lecture: ~ 15-minute blocks

– Introduction of a new concept

– some derivations of equations

– and a worked example, maybe a lecture demo 

– clicker question: assessment of how many 

students understood the presented concepts.



Before CWSEI:

• Clicker results often surprisingly disappointing.

• Students forget quickly. Not able to explain main 

concepts two weeks after final exam. 
(Jim‟s and Peter‟s interviews in my Phys 101, 2007)



What Has Changed?

The course content is defined by learning goals

No more lecturing. Instead:

• Pre-Reading Assignments – new content

• Interactive lectures: worksheets and clickers. 

Sense making, checking of understanding, 

motivation



What Has Changed?

• Tutorials – problem solving skills

• Mastering Physics online homework – problem 

solving practice

• Labs – Experiments, skills, understanding data



Major Change in 2010

• Introduced worksheets.

• Inspired by Louis‟ amazing result in the Phys153 

mini-transformation in 2009W. 

• I am now teaching by Louis‟ rule:

“Whenever you need to present (explain a difficult 

concept, the expert solution of a problem, a nice 

application or demo,…), students‟ brains need to 

be prepared for this.”



Preparing Students‟ Brains

• Targeted pre-reading with online reading quizzes

(vs. assuming that students read the textbook)

• In-class worksheets and clicker questions 

preparing for expert explanations and problem-

solving strategies.

(vs. lecturing first, then questions and examples)



Benefits of Worksheets

• Student can work at their own pace.

• Walk around in class, 

– talk to student groups, 

– get a better feel for the class, 

– give hints if needed, 

– discussion and feedback (often combined with 

clicker questions)



Benefits of Worksheets

• TA in lecture

– help with student questions during activities 

and after class

– feedback on activities, technical difficulties,

– lecture demos



Example: Handout

• Students were asked in an e-mail 

– to bring their notebook computers to class.

– to do the pre-reading assignment.

• The example is from the second lecture.

– Students have already qualitatively explored 

the simulation in lecture 1.



Phys 100 – 2010 Mechanical Energy



Mechanical Energy 2007

• Energy Skate Park Link

http://phet.colorado.edu/new/simulations/sims.php?sim=Energy_Skate_Park


Do you think the Skater 

will make it over the first 

hump?

A. No.

B. Yes.

C. Depends on the friction on the track.

Question



Kinetic Energy

• A moving object or person like the skater has kinetic 

energy, defined as 

• Where v is the velocity of the object and m is its mass.

• Changing the kinetic energy of an object means changing 

its speed. 
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Gravitational Potential  Energy

• Ug = m g h

• With mass m, acceleration due to 

gravity g (9.8 m/s2), and height 

difference h ( = y1 – y0).

• Example: In a ball toss, the total 

mechanical energy is (approximately) 

constant: E = K + U

• The kinetic and the potential energies 

are not constant during the toss.



Energy Diagrams: Ball Toss



Conservation of Mechanical Energy

• Free-fall: The force of gravity is accelerating the ball and 
the kinetic energy increases: Wg = K.

• At the same time the gravitational potential energy 
decreases by the same amount.

• Just before hitting the floor all potential energy is 
transformed into kinetic energy.

• During the fall, kinetic energy increases, potential energy 
decreases.
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Phys 100 End-Of-Term 2010

• Which of the following Phys 100 course elements 
were helpful for learning physics or taught you 
useful skills for other science courses? Choose all 
that apply. (N = 530)

1. Lecture

2. Tutorial

3. Lab

4. Mastering Physics

5. Textbook Reading

6. Final Project

7. Vista Discussions

8. None of these elements were helpful or useful.
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CLASS – Phys 100
CLASS Results 2006 - 2009

Pre-Post Shift in Unfavorable Responses

-10.0 -5.0 0.0 5.0 10.0 15.0

All categories

Applied Conceptual

understanding

Conceptual

understanding

Overall

Personal Interest

PS Confidence 

PS General

PS Sophistication

Real World

Connection

SensesMaking/Effort

2006 Shift 2007 Shift 2008 Shift 2009 Shift 2010 Shift

CLASS Results 2006 - 2009

Pre-Post Shift in Favorable Responses

-15.0 -10.0 -5.0 0.0 5.0 10.0

All categories

Applied Conceptual understanding

Conceptual understanding

Overall

Personal Interest

PS Confidence 

PS General

PS Sophistication

Real World Connection

SensesMaking/Effort

2006 Shift 2007 Shift 2008 Shift 2009 Shift 2010 Shift

Pre-Post Shift: Favorable Pre-Post Shift: Unfavorable 



Other Results

• Decreased failure rates 

• Positive student comments



Conclusions

• In the past, many students‟ motivation was very 

low in these service courses.

• Whereas now, motivation and interest is 

measurably increased.

• Student success rate measurably increased.

• More satisfying teaching experience.
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Phys 100 End-Of-Term 2008

• 2006: Reading text: only 34% positive (33% 

neutral, 33% negative)



2nd Example: Kinematics

The Moving Man

http://phet.colorado.edu/new/simulations/sims.php?sim=The_Moving_Man

