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  2nd	
  semester	
  upper-­‐division	
  physics	
  course	
  on	
  	
  	
  	
  	
  	
  
	
  electrodynamics	
  (primarily	
  junior	
  physics	
  majors)	
  
– Time-­‐dependent	
  Maxwell	
  equaOons	
  
– ConservaOon	
  principles	
  
– PotenOals	
  and	
  fields	
  
– EM	
  waves	
  
– RadiaOon	
  
– Special	
  relaOvity	
  

	
  

	
  

	
  	
  	
  	
  	
  Standard	
  textbook:	
  
	
  	
  	
  	
  	
   	
  D.	
  J.	
  Griffiths,	
  Introduc)on	
  to	
  Electrodynamics,	
  3rd	
  Ed.	
  

	
  

	
  

	
  

Using Research 
& Assessment 

What	
  should	
  
students	
  be	
  
learning?	
  

Which	
  approaches	
  
	
  improve	
  student	
  

learning?	
  

What	
  are	
  
students	
  	
  
learning?	
  

Establish 
explicit 

learning goals 

Active Engagement 
(concept tests, 

in-class activities) 

Post-­‐doctoral	
  researchers	
  work	
  	
  
in	
  collaboraOon	
  with	
  department	
  
faculty	
  to	
  establish	
  consensus	
  learning	
  
goals,	
  and	
  to	
  develop	
  instrucOonal	
  
materials	
  and	
  assessments.	
  

Science	
  Educa)on	
  Ini)a)ve	
  

†

†

IDENTIFYING	
  STUDENT	
  DIFFICULTIES	
  
– Analyze	
  and	
  archive	
  responses	
  to	
  homework	
  and	
  exam	
  
quesOons,	
  clicker	
  quesOons,	
  in-­‐class	
  acOviOes	
  

– Observe	
  discussions/quesOons	
  in	
  class	
  and	
  during	
  HW	
  
problem-­‐solving	
  sessions	
  

– Listen	
  to	
  experienced	
  instructors	
  
	
  

1-­‐ON-­‐1	
  &	
  GROUP	
  STUDENT	
  INTERVIEWS	
  
– Confirm	
  student	
  difficulOes	
  and	
  discover	
  new	
  ones	
  
– Validate	
  tutorial	
  problem	
  statements	
  and	
  diagrams	
  
– Simulate	
  group	
  acOviOes	
  during	
  tutorial	
  development	
  

	
  

	
  

	
  
	
  
	
  
	
  
	
  
	
  
	
  

	
  Students	
  should	
  be	
  able	
  to:	
  
	
  

– Correctly	
  apply	
  Stokes’	
  Law	
  and	
  the	
  Divergence	
  theorem,	
  
and	
  be	
  able	
  to	
  use	
  them	
  to	
  convert	
  equaOons	
  from	
  
differenOal	
  to	
  integral	
  form	
  (and	
  vice-­‐versa).	
  

	
  
– Apply	
  Ohm’s	
  Law	
  (in	
  the	
  form 	
  	
  	
  	
  	
  )	
  to	
  relate	
  the	
  current	
  
density	
  to	
  the	
  electric	
  field,	
  and	
  calculate	
  the	
  total	
  current	
  
for	
  a	
  given	
  situaOon.	
  

–  Find	
  the	
  boundary	
  condiOons	
  for	
  EM	
  waves	
  starOng	
  from	
  
Maxwell's	
  EquaOons,	
  and	
  apply	
  the	
  correct	
  boundary	
  
condiOons	
  to	
  solve	
  for	
  and	
  interpret	
  reflected	
  and	
  
transmieed	
  waves.	
  

	
  
	
  

	
  

J = σE

EXAMPLES	
  OF	
  CONTENT	
  LEARNING	
  GOALS	
  

	
  
	
  
	
  
	
  
	
  
	
  

	
  Students	
  should	
  be	
  able	
  to:	
  
	
  

– Translate	
  a	
  physical	
  descripOon	
  of	
  a	
  problem	
  to	
  a	
  
mathemaOcal	
  equaOon	
  necessary	
  to	
  solve	
  it.	
  

	
  

– ArOculate	
  their	
  expectaOons	
  for	
  the	
  soluOon	
  to	
  a	
  
problem,	
  such	
  as	
  direcOon	
  of	
  the	
  field,	
  dependence	
  on	
  
coordinate	
  variables,	
  and	
  behavior	
  at	
  large	
  distances.	
  

	
  

– Recognize	
  symmetries	
  and	
  be	
  able	
  to	
  take	
  advantage	
  of	
  
them	
  in	
  order	
  to	
  choose	
  the	
  appropriate	
  method	
  for	
  
solving	
  a	
  problem.	
  

	
  

	
  

EXAMPLES	
  OF	
  BROADER	
  LEARNING	
  GOALS	
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CONCEPT	
  TESTS	
  
– AcOvely	
  engage	
  students	
  in	
  learning	
  process	
  
– Encourage	
  group	
  discussion	
  and	
  scienOfic	
  
	
  argumentaOon	
  skills	
  
– Provide	
  valuable	
  real-­‐Ome	
  feedback	
  to	
  instructors	
  

	
  

TUTORIALS	
  
– Used	
  during	
  class	
  to	
  supplement	
  lectures	
  
– Guided	
  tasks	
  help	
  students	
  develop	
  important	
  concepts	
  
	
  for	
  themselves	
  
– Require	
  from	
  5	
  to	
  45	
  minutes,	
  depending	
  on	
  tasks	
  

	
  

	
  

CAN	
  BE	
  USED	
  FOR	
  A	
  VARIETY	
  OF	
  PURPOSES	
  
CONCEPTUAL:	
  QuesOons	
  that	
  don’t	
  rely	
  on	
  complex	
  
mathemaOcs.	
  

	
  

APPLICATION:	
  Use	
  an	
  abstract	
  idea	
  in	
  the	
  context	
  of	
  a	
  	
  	
  	
  
real-­‐world	
  situaOon	
  

	
  

NEXT	
  STEP:	
  Underscore	
  key	
  ideas	
  in	
  a	
  long	
  derivaOon,	
  
proof	
  or	
  in-­‐class	
  calculaOon	
  

	
  

MATH/PHYSICS:	
  Make	
  connecOons	
  between	
  equaOons	
  
and	
  the	
  physical	
  situaOons	
  they	
  describe	
  	
  

	
  

	
  

	
  	
  In-­‐class	
  acOviOes	
  have	
  been	
  implemented	
  in	
  several	
  ways:	
  
– Taking	
  5	
  minutes	
  to	
  do	
  important	
  derivaOons	
  
– SecOon	
  by	
  secOon,	
  interspersed	
  with	
  short	
  lectures	
  
– Using	
  parOal	
  or	
  enOre	
  class	
  periods	
  uninterrupted	
  

	
  	
  	
  	
  
	
  	
  	
  Mixed	
  emphasis	
  on	
  conceptual	
  vs.	
  procedural	
  knowledge:	
  
– Conceptually	
  challenging	
  materials	
  focus,	
  e.g.,	
  on	
  
	
  whether	
  quanOOes	
  are	
  zero	
  or	
  non-­‐zero	
  
– Simple	
  derivaOons	
  or	
  calculaOons	
  help	
  develop	
  math	
  
	
  skills	
  and	
  lasOng	
  understanding	
  

	
  

	
  

	
  

CONCEPTUAL	
  &	
  FUNDAMENTAL	
  SKILLS	
  
– Pre/post-­‐instrucOon	
  versions	
  
– Focus	
  on	
  important	
  topics	
  (as	
  defined	
  by	
  learning	
  goals)	
  
– Useful	
  for	
  students	
  to	
  assess	
  their	
  own	
  understanding	
  

	
  

STUDENT	
  PERCEPTIONS	
  
– Online	
  end-­‐of-­‐semester	
  student	
  survey	
  
– Focus	
  on	
  perceived	
  usefulness	
  of	
  transformed	
   	
  
	
  	
  	
  curriculum	
  for	
  their	
  learning	
  
– Opportunity	
  for	
  essenOal	
  student	
  feedback	
  

	
  

	
  

– Given	
  at	
  CU	
  and	
  one	
  other	
  insOtuOon	
  in	
  SP12	
  
– Required	
  1	
  class	
  period	
  
– Significant	
  differences	
  seen	
  in	
  areas	
  targeted	
  by	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
  in-­‐class	
  acOviOes	
  used	
  at	
  CU	
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Clickers	
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Clicker	
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HW	
  Help	
  Sessions	
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  Work	
  

SP12	
   FA11	
  

PERCENT	
  

Clickers	
  
(as	
  opposed	
  to)	
  	
  

TradiOonal	
  Lecture	
  

Lectures	
  
	
  with	
  Clickers	
  

Homework	
  
Help	
  Sessions	
  

Group	
  Work	
  
in	
  Class	
  

Percentage	
  of	
  class	
  raOng	
  these	
  
as	
  “useful”	
  or	
  “very	
  useful”	
  for	
  their	
  learning	
  


