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Why Transform E&M I?

?
Can our majors learn
better from interactive
techniques adapted from
introductory physics?

Lecture with clickers

Washington Tutorials
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What Changed?
• Faculty collaboration
• Explicit learning goals
• Interactive classroom

techniques
• Concept Tests

Students debate a concept test

• Homework
• Homework Help

Sessions
• Tutorials
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Assessments

• Attitude surveys were positive.
• Students attended class more & reported spending more time

on the course and HW than in Traditional course.

• Developed Colorado Upper-Division Electrostatics
Assessment (CUE) to gauge progress on learning goals
– Open-ended, high internal reliability, high inter-rater reliability

• Gave 5 traditional exam questions in common between two
courses
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Results:  CUE and Trad’l Exams

Students in 4 semesters of Transformations at CU and elsewhere
performed significantly better (p<0.05) on all measures
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Classroom Techniques
• Traditional lecture

blended with interactive
engagement (e.g.
concept tests)

• Simulations & demos
• Kinesthetic activities
• Small handheld

whiteboards

Students form a non-uniform line charge
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Concept Tests

• Allowed students to discuss & debate challenging,
high-level ideas
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Homework

• Traditional HW problems were modified
• Sense-making, real-world context,

estimations, and more.
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Tutorials & HW Help Sessions

Optional help
sessions (2) and
tutorials (1) each
week

Portion of a CU tutorial
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Conclusions & Acknowledgements
• Techniques successful in lower-division can

result in increased student learning in upper-
division E&M, but there is a long way to go.

• Instructors interested in using our materials or the
CUE can visit the website below, or contact us.

Course materials at 
http://www.colorado.edu/sei/departments/physics_3310.htm

We acknowledge the generous contributions of many faculty in the CU
Physics Department and the PER@CU group.  This work is funded by
the CU Science Education Initiative and NSF-CCLI Grant #0737118.
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