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Can advanced students 
learn more from interactive 

methods adapted from 
introductory physics?  

Typical	
  Advanced	
  Course	
  

? 

Upper-Division Course Transformation 

Post-docs and Faculty	



Establish 
learning goals 

Use Research & 
Assessment 

Apply research-based 
teaching methods  

 

Measure progress!  

Modern	
  Physics	
  
Mechanics	
  &	
  Math	
  Methods	
  

ElectromagneBsm	
  
Quantum	
  Mechanics	
  

Advanced	
  Lab	
  

SEI Model for Course Transformation 
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  Total	
  Post-­‐test	
  Score	
  

Physics	
  Educa,on	
  Research-­‐Based	
  Courses	
  (PER)	
  Standard	
  Lecture-­‐Based	
  Courses	
  (STND)	
  

Post-­‐test:	
  Standard	
  
Post-­‐test:	
  Research-­‐based	
  
Post-­‐test:	
  Graduate	
  Students	
  

Average	
  (Across	
  Courses)	
  

Gain	
  

Non-­‐CU	
   CU	
   Non-­‐CU	
  CU	
  

Electrostatics 

	
  	
  	
  	
  2nd	
  semester	
  upper-­‐division	
  physics	
  course	
  	
  	
  	
  	
  	
  
	
  (primarily	
  junior	
  physics/astrophysics	
  majors)	
  
– Time-­‐dependent	
  Maxwell	
  equaBons	
  
– ConservaBon	
  principles	
  
– PotenBals	
  and	
  fields	
  
– EM	
  waves	
  
– RadiaBon	
  
– Special	
  relaBvity	
  

	
  

	
  

	
  	
  	
  	
  	
  Standard	
  textbook:	
  
	
  	
  	
  	
  	
   	
  	
  Introduc3on	
  to	
  Electrodynamics,	
  D.	
  J.	
  Griffiths,	
  3rd	
  Ed.	
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CONCEPT	
  TESTS	
  
– AcBvely	
  engage	
  students	
  in	
  learning	
  process	
  
– Encourage	
  group	
  discussion	
  and	
  scienBfic	
  

	
  argumentaBon	
  skills	
  
– Provide	
  valuable	
  real-­‐Bme	
  feedback	
  to	
  instructors	
  

	
  

	
  

	
  

In-Class Activities 

	
  Which	
  of	
  the	
  following	
  is	
  a	
  correct	
  
	
  statement	
  of	
  charge	
  conservaBon?	
  

Concept Tests 

	
  	
  Different	
  ImplementaBon	
  styles:	
  
– 5	
  minutes	
  for	
  important	
  derivaBons	
  
–  Interspersed	
  with	
  short	
  lectures	
  
– ParBal	
  or	
  enBre	
  class	
  periods	
  

	
  	
  	
  	
  
	
  	
  	
  Emphasis	
  on	
  conceptual	
  &	
  procedural	
  knowledge:	
  

– Are	
  quanBBes	
  zero	
  or	
  non-­‐zero?	
  
– Simple	
  derivaBons	
  or	
  calculaBons	
  

	
  

	
  

	
  

In-Class Activities/Tutorials 
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PERCENT	
  

Clicker	
  Use	
  
vs.	
  TradiBonal	
  

Lectures	
  
	
  with	
  Clickers	
  

Homework	
  
Help	
  Sessions	
  

Group	
  Work	
  
in	
  Class	
  

Percentage	
  of	
  class	
  raBng	
  these	
  
as	
  “useful”	
  or	
  “very	
  useful”	
  

Student Perceptions 

•  Important	
  concepts	
  as	
  defined	
  by	
  learning	
  goals	
  
•  Useful	
  for	
  students	
  to	
  assess	
  own	
  understanding	
  

CURrENT Assessment 
Colorado UppeR-division ElectrodyNamics Test 

CURrENT Assessment 

A:	
  38% 	
  B:	
  43% 	
  C:	
  45% 	
  D:	
  36% 	
  E:	
  14%	
  
(all	
  correct)	
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3.a)	
  Electric	
  field	
  zero	
  or	
  nonzero?	
  

3.b)	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  zero	
  or	
  nonzero?	
  ∇⋅

J

A:	
  54% 	
  B:	
  29% 	
  C:	
  	
  0%	
   	
  D:	
  36% 	
  E:	
  10%	
  

A:	
  67% 	
  B:	
  	
  7%	
   	
  C:	
  	
  9%	
   	
  D:	
  36% 	
  E:	
  17%	
  

steady	
  current	
  

• Consensus	
  Learning	
  Goals	
  
	
  

•  In-­‐Class	
  AcBviBes/Tutorials	
  

• Clicker	
  QuesBons	
  

• Assessments	
  	
  

•  Student	
  DifficulBes	
   All	
  materials	
  freely	
  available	
  at:	
  
hjp://per.colorado.edu/
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Online Resources 


