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Michigan	
  



•  Premier	
  land-­‐grant	
  university	
  (est.	
  1855)	
  
– 5,200-­‐acre	
  campus	
  with	
  2,100	
  acres	
  in	
  exisNng	
  or	
  
planned	
  development


– 577	
  buildings,	
  including	
  83	
  with	
  instrucNonal	
  
space	
  

•  36,500	
  undergraduate	
  and	
  11,000	
  graduate	
  
student	
  from	
  130	
  countries	
  (53%	
  women)	
  

•  ~430,000	
  living	
  alumni	
  
•  ~5,000	
  faculty	
  and	
  academic	
  staff	
  
•  17	
  colleges,	
  200	
  different	
  programs	
  of	
  study	
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How	
  People	
  Learn:	
  	
  
Brain,	
  Mind,	
  Experience,	
  and	
  School	
  (1999)	
  	
  
Commission	
  on	
  Behavioral	
  and	
  Social	
  Sciences	
  and	
  Educa9on	
  
	
  
1.  Memory	
  &	
  structure	
  of	
  knowledge	
  
2.  Analysis	
  of	
  problem	
  solving	
  and	
  reasoning	
  
3.  Early	
  foundaNons	
  
4.  MetacogniNve	
  processes	
  and	
  self-­‐regulatory	
  

capabiliNes	
  
5.  Cultural	
  experiences	
  and	
  community	
  

parNcipaNon	
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  “I	
  think,	
  however,	
  that	
  there	
  isn’t	
  any	
  solu3on	
  to	
  this	
  
problem	
  of	
  educa3on	
  other	
  than	
  to	
  realize	
  that	
  the	
  
best	
  teaching	
  can	
  be	
  done	
  only	
  when	
  there	
  is	
  a	
  direct	
  
individual	
  rela3onship	
  between	
  a	
  student	
  and	
  a	
  good	
  
teacher	
  […]	
  	
  It	
  is	
  impossible	
  to	
  learn	
  very	
  much	
  by	
  
simply	
  si?ng	
  in	
  a	
  lecture	
  […]	
  	
  But	
  in	
  our	
  modern	
  3mes	
  
we	
  have	
  so	
  many	
  students	
  to	
  teach	
  that	
  we	
  have	
  to	
  try	
  
to	
  find	
  some	
  subs3tute	
  for	
  this	
  ideal.”	
  

Richard	
  P.	
  Feynman,	
  June	
  1963	
  
(Introduc;on	
  to	
  Feynman	
  Lectures)	
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•  Large	
  spread	
  in	
  preparaNon	
  of	
  
a	
  diverse	
  student	
  populaNon	
  

•  Impersonal	
  nature	
  of	
  
instrucNon	
  /	
  li^le	
  one-­‐on-­‐one	
  
contact	
  between	
  instructor	
  
and	
  students	
  

•  Achieving	
  and	
  maintaining	
  
high	
  standards	
  

•  Large	
  human	
  resources	
  
required	
  for	
  grading	
  

•  Timely	
  recogniNon	
  of	
  
students’	
  problems	
  and	
  difficulNes	
  

•  CheaNng	
  on	
  exams/Copying	
  assignments	
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Gutenberg	
  Press	
  
~1450	
  

Radio	
  
~1900	
  

Television	
  
~1930	
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NY	
  Times	
  
April	
  1999	
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Gordon	
  Moore	
  

•  1947:	
  Transistor	
  is	
  invented	
  
•  2006:	
  Each	
  Intel	
  CPU	
  chip	
  
has	
  ~108	
  transistors	
  

•  This	
  year,	
  ~100	
  quadrillion	
  
transistors	
  will	
  be	
  produced	
  

Microchips	
  double	
  in	
  	
  
power	
  and	
  halve	
  in	
  	
  
price	
  every	
  18	
  months	
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•  Learning	
  Online	
  Network	
  
•  Computer-­‐Assisted	
  Personalized	
  Approach	
  

•  Course	
  management	
  system	
  

•  Homework	
  engine	
  
–  Individualized	
  
–  Reusable	
  shared	
  resources	
  

•  Next	
  generaNon	
  system	
  CourseWeaver	
  
–  h^p://www.courseweaver.org	
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•  Homework	
  Problems	
  are	
  an	
  integral	
  part	
  of	
  
the	
  learning	
  experience	
  

•  Not	
  simply	
  repeNNon	
  of	
  concepts	
  learned	
  in	
  
class!	
  

•  Instead:	
  Transfer	
  of	
  Knowledge	
  
–  Independent	
  creaNon	
  of	
  new	
  connecNons	
  
– Deeper	
  anchoring	
  of	
  context	
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•  Every	
  student	
  sees	
  the	
  same	
  basic	
  problem	
  
•  Every	
  student	
  has	
  different	
  numbers	
  

•  Allows	
  groups	
  of	
  students	
  to	
  work	
  together	
  
without	
  the	
  ability	
  to	
  just	
  copy	
  soluNons	
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  More	
  sophisNcated	
  
highly	
  randomizing	
  
problems	
  
	
  

Homework 
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•  …special	
  emphasis	
  on	
  mathemaNcs	
  
–  including	
  support	
  of	
  

•  LaTeX	
  
•  Maxima	
  
•  R	
  

28-­‐Oct-­‐13	
   Wolfgang	
  Bauer,	
  MSU	
   17	
  



•  …	
  chemistry	
  …	
  

28-­‐Oct-­‐13	
   Wolfgang	
  Bauer,	
  MSU	
   18	
  



•  …	
  physical	
  units	
  …	
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Homework	
  

Free-­‐Body	
  Diagrams	
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Correct!	
  



Students	
  receive	
  automa3cally	
  generated	
  individualized	
  mul3ple	
  choice	
  
exams	
  with	
  their	
  names	
  (and	
  photos).	
  
	
  
	
  LON-­‐CAPA	
  machine-­‐grades	
  the	
  bubble	
  sheets.	
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Kortemeyer,	
  Bauer,	
  Benenson,	
  Kashy,	
  The	
  Physics	
  Teacher	
  44,	
  235	
  (2006)	
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Too	
  much	
  work	
  for	
  any	
  instructor!	
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•  CreaNng	
  online	
  
resources	
  is	
  a	
  lot	
  of	
  
work	
  

•  Doing	
  so	
  for	
  use	
  in	
  just	
  
one	
  course	
  is	
  a	
  waste	
  of	
  
Nme	
  and	
  effort	
  

•  Many	
  resources	
  could	
  
be	
  used	
  among	
  a	
  
number	
  of	
  courses	
  and	
  
across	
  insNtuNons	
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WWW	
  

Inter
serve

r	
  

Web	
  

Student	
  Computer	
  

Instructor	
  
Computer	
  

WWW	
  

Inter-­‐InsNtuNonal	
  
Network	
  of	
  Servers	
  ConnecNng	
  UniversiNes	
  

and	
  Schools	
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Arabic	
  
German	
  
English	
  
Spanish	
  
Persian	
  
French	
  
Hebrew	
  
Japanese	
  
Portuguese	
  
Russian	
  
Turkish	
  
Swedish	
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USA:	
  108	
  

Canada:	
  7	
  
Germany:	
  3	
  

Turkey:	
  1	
  

Israel:	
  2	
  

South	
  Korea:	
  1	
  

South	
  Africa:	
  1	
  
Brazil:	
  2	
  

High	
  Schools,	
  Colleges,	
  and	
  UniversiNes	
  

…	
  plus	
  grant	
  projects	
  and	
  publishing	
  companies.	
  

Switzerland:	
  1	
  

Nigeria:	
  1	
  

Great	
  Britain:	
  1	
  

Taiwan:	
  1	
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Improved course 
performance



Improved exam 
performance



Improved performance 
especially of female 
students



Across a 
number of 
studies:
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• Homework	
  due	
  at	
  midnight	
  
• 770	
  students	
  in	
  class	
  

Thursday,	
  Oct.	
  8	
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Much more information 
at lon-capa website: 
http://www.lon-capa.org/ 
 
and CourseWeaver website: 
http://www.courseweaver.org 
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In	
  their	
  jobs,	
  people	
  need	
  to	
  be	
  able	
  
to	
  funcNon	
  as	
  part	
  of	
  a	
  team	
  

è	
  We	
  need	
  to	
  teach	
  these	
  skills	
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Discussions	
  
•  Encouraged,	
  since	
  all	
  

students	
  have	
  different	
  
versions.	
  

•  Again:	
  Peer-­‐InstrucNon.	
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•  Staffed	
  with	
  
Learning	
  
Assistants	
  in	
  the	
  
evenings	
  

•  Honors	
  opNon:	
  
be^er	
  students	
  
help	
  weaker	
  
ones	
  

•  CollaboraNve	
  
learning	
  space,	
  
peer	
  instrucNon	
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By	
  Valerie	
  Strauss	
  	
  |	
  March	
  17,	
  2010	
  

But	
  one	
  pracNce	
  to	
  which	
  at	
  least	
  half	
  of	
  students	
  
admit-­‐-­‐copying	
  homework	
  or	
  working	
  with	
  others	
  
when	
  they	
  aren’t	
  supposed	
  to-­‐-­‐is	
  not	
  viewed	
  by	
  
many	
  undergraduates	
  as	
  real	
  cheaNng.	
  For	
  
example,	
  more	
  than	
  40%	
  of	
  undergraduates	
  and	
  
30%	
  of	
  graduate	
  students	
  (and	
  almost	
  20%	
  of	
  
faculty)	
  do	
  not	
  think	
  that	
  ‘cut	
  and	
  paste’	
  plagiarism	
  
on	
  homework	
  is	
  moderate	
  or	
  serious	
  cheaNng.	
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CheaNng	
  on	
  
homework	
  in	
  
the	
  Internet	
  
age	
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Steve	
  Johnson	
  for	
  The	
  New	
  York	
  Times	
  

University	
  of	
  Central	
  Florida	
  tes3ng	
  center	
  
•  No	
  chewing	
  gum	
  
•  Date-­‐stamped	
  scratch	
  paper	
  
•  228	
  recessed	
  computers	
  (harder	
  to	
  photograph)	
  
•  Overhead	
  video	
  cameras	
  
•  64000	
  test	
  taken	
  and	
  only	
  14	
  incidents	
  of	
  suspected	
  cheaNng	
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“The	
  message	
  of	
  this	
  paper	
  is	
  that	
  
online	
  homework	
  copying	
  can	
  be	
  
detected,	
  follows	
  understandable	
  
temporal	
  pa^erns,	
  and	
  is	
  sufficiently	
  
prevalent	
  that	
  it	
  is	
  very	
  likely	
  
causaNve	
  of	
  a	
  significant	
  fracNon	
  of	
  
course	
  failure,	
  especially	
  in	
  large	
  
lecture-­‐based	
  classes.”	
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“The	
  results	
  suggest	
  that	
  high-­‐tech	
  copying	
  is	
  associated	
  with	
  lower	
  levels	
  of	
  
performance	
  across	
  all	
  levels	
  of	
  academic	
  ability.	
  However,	
  even	
  if	
  students	
  are	
  
provided	
  with	
  this	
  informaNon	
  (i.e.,	
  they	
  are	
  told	
  that	
  use	
  of	
  high-­‐tech	
  copying	
  
has	
  been	
  shown	
  to	
  lower	
  overall	
  course	
  performance),	
  it	
  is	
  not	
  clear	
  that	
  the	
  
majority	
  will	
  be	
  convinced	
  to	
  do	
  their	
  own	
  work.”	
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•  Mid-­‐Dec.:	
   	
   	
  Final	
  exam	
  in	
  PHY183	
  
•  Dec.	
  20:	
  	
   	
   	
  Sent	
  iniNal	
  quesNonnaire	
  

•  Early	
  Jan.: 	
  	
   	
  Start	
  of	
  PHY184	
  

•  Jan.	
  31:	
   	
   	
   	
  Sent	
  result	
  of	
  survey	
  to	
  all	
  	
  
	
   	
   	
   	
   	
   	
  students	
  

•  End	
  of	
  April:	
   	
  Final	
  exam	
  in	
  PHY184	
  

•  May	
  3:	
   	
   	
   	
  Sent	
  follow-­‐up	
  quesNonnaire	
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Dear	
  PHY183	
  student,	
  
	
  
As	
  you	
  may	
  know	
  there	
  is	
  a	
  commercial	
  web	
  site	
  with	
  help	
  for	
  the	
  CAPA	
  homework	
  
assignment	
  system	
  that	
  you	
  have	
  been	
  using	
  during	
  the	
  past	
  term:	
  	
  	
  
h^p://www.intereacNon.com/	
  
	
  
In	
  my	
  role	
  as	
  undergraduate	
  program	
  director	
  I	
  would	
  like	
  to	
  find	
  out	
  how	
  useful	
  this	
  
web	
  site	
  has	
  been.	
  	
  Could	
  you	
  therefore	
  reply	
  to	
  this	
  message	
  with	
  a	
  simple	
  number	
  
between	
  0	
  and	
  100,	
  telling	
  me	
  the	
  (approximate)	
  percentage	
  of	
  your	
  homework	
  
problems	
  that	
  you	
  used	
  the	
  above	
  site	
  for.	
  	
  If	
  you	
  never	
  used	
  the	
  site,	
  please	
  send	
  back	
  
the	
  number	
  0.	
  
	
  
You	
  have	
  my	
  word	
  that	
  this	
  informaNon	
  will	
  be	
  treated	
  in	
  a	
  confidenNal	
  manner,	
  and	
  
that	
  your	
  answers	
  will	
  in	
  no	
  way	
  influence	
  the	
  grade	
  of	
  this	
  class	
  or	
  any	
  future	
  class	
  
you	
  will	
  take.	
  
	
  
Thanks	
  for	
  your	
  help	
  
W.	
  Bauer	
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0%	
  
	
  
The	
  site	
  will	
  give	
  you	
  the	
  answers,	
  but	
  you	
  
don't	
  learn	
  anything,	
  so	
  it	
  
actually	
  hinders	
  a	
  lot	
  of	
  people	
  

This	
  web	
  site	
  helped	
  me	
  out	
  a	
  lot.	
  	
  I	
  would	
  give	
  
it	
  a	
  95!	
  

I	
  think	
  that	
  I	
  used	
  the	
  website	
  for	
  a	
  about	
  25%	
  
of	
  the	
  problems.	
  	
  Only	
  the	
  ones	
  that	
  I	
  really	
  
couldn't	
  get	
  on	
  my	
  own.	
  

95	
  
	
  
	
  
=====	
  
bite	
  me!	
  

I	
  used	
  the	
  site	
  for	
  80%	
  of	
  my	
  homework	
  
problems.	
  I	
  sincerely	
  hope	
  I	
  am	
  not	
  being	
  
"suckered"	
  into	
  admiwng	
  this.	
  I	
  would	
  
have	
  not	
  completed	
  a	
  large	
  majority	
  of	
  
the	
  homework	
  problems	
  if	
  it	
  were	
  not	
  for	
  
the	
  chutzpah	
  of	
  the	
  site	
  authors.	
  

100%	
  I	
  have	
  to	
  take	
  the	
  class	
  again	
  and	
  I	
  blame	
  
it	
  on	
  the	
  use	
  of	
  interacNon.com	
  I	
  don't	
  plan	
  on	
  
making	
  it	
  a	
  regular	
  habit	
  next	
  semester	
  of	
  
using	
  this	
  web	
  page.	
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Dear	
  PHY184	
  student,	
  
	
  
Axer	
  finals	
  I	
  had	
  distributed	
  an	
  email	
  to	
  you	
  in	
  which	
  I	
  was	
  asking	
  for	
  what	
  fracNon	
  of	
  your	
  homework	
  assignments	
  you	
  had	
  consulted	
  the	
  web	
  
site	
  h^p://www.intereacNon.com/	
  
	
  
As	
  promised,	
  we	
  have	
  treated	
  all	
  responses	
  in	
  a	
  confidenNal	
  manner.	
  	
  And	
  as	
  promised,	
  I	
  am	
  giving	
  you	
  the	
  results	
  of	
  this	
  survey	
  now.	
  
	
  
I	
  received	
  a	
  total	
  of	
  133	
  responses.	
  	
  Many	
  of	
  you	
  responded	
  not	
  just	
  with	
  a	
  percentage,	
  but	
  with	
  very	
  thoughyul	
  observaNons.	
  Thanks	
  to	
  all	
  who	
  
responded!	
  
	
  
While	
  we	
  sNll	
  have	
  to	
  work	
  on	
  cause-­‐and-­‐effect	
  quesNons	
  and	
  on	
  further	
  correlaNon	
  studies,	
  I	
  feel	
  that	
  it	
  is	
  important	
  that	
  I	
  let	
  you	
  know	
  right	
  
away	
  the	
  most	
  important	
  outcome	
  of	
  the	
  survey.	
  	
  When	
  we	
  correlated	
  the	
  percentages	
  with	
  your	
  grades	
  in	
  the	
  quizzes	
  and	
  exams,	
  the	
  following	
  
correlaNon	
  coefficients	
  were	
  obtained:	
  
	
  
CorrelaNons	
  between	
  Percent	
  used	
  the	
  web	
  site	
  and:	
  
final:	
  	
  	
  	
  	
   	
  r	
  =	
  -­‐.349,	
  p	
  <	
  .001	
  
quiz:	
  	
  	
  	
  	
   	
  r	
  =	
  -­‐.302,	
  p	
  <	
  .001	
  
midterms:	
   	
  r	
  =	
  -­‐.352,	
  p	
  <	
  .001	
  
	
  
The	
  first	
  number	
  in	
  each	
  row	
  is	
  the	
  correlaNon	
  coefficient,	
  and	
  the	
  second	
  the	
  probability	
  that	
  the	
  observed	
  result	
  is	
  not	
  significant.	
  You	
  can	
  see	
  
a	
  VERY	
  strong	
  negaNve	
  correlaNon	
  between	
  use	
  of	
  the	
  web	
  site	
  and	
  all	
  graded	
  assessments	
  of	
  your	
  class	
  performance:	
  	
  the	
  more	
  you	
  use	
  the	
  
web	
  site,	
  the	
  worse	
  you	
  do	
  in	
  your	
  exams.	
  
	
  
Quite	
  a	
  large	
  number	
  of	
  you	
  actually	
  reported	
  this	
  correlaNon	
  from	
  their	
  own	
  experiences.	
  	
  The	
  above	
  staNsNcs	
  show	
  that	
  your	
  feelings	
  were	
  
essenNally	
  correct.	
  
	
  
Honesty	
  dictates	
  that	
  I	
  also	
  report	
  that	
  many	
  of	
  you	
  praised	
  the	
  web	
  site	
  as	
  a	
  Nme	
  saver	
  and	
  a	
  valuable	
  learning	
  tool.	
  	
  I	
  am	
  sure	
  that	
  this	
  might	
  
be	
  true	
  in	
  some	
  individual	
  cases.	
  
	
  
As	
  promised:	
  	
  I	
  will	
  not	
  move	
  to	
  close	
  this	
  web	
  site.	
  	
  But	
  I	
  also	
  feel	
  very	
  strongly	
  that	
  you	
  should	
  think	
  about	
  the	
  results	
  of	
  our	
  survey	
  and	
  act	
  
accordingly.	
  	
  I	
  believe	
  that	
  the	
  survey	
  shows	
  that	
  there	
  is	
  no	
  subsNtute	
  for	
  actually	
  doing	
  the	
  work	
  of	
  finding	
  the	
  soluNon	
  for	
  the	
  homework	
  
problems	
  on	
  your	
  own.	
  	
  I	
  admit	
  that	
  this	
  can	
  be	
  very	
  hard,	
  but	
  in	
  my	
  eyes	
  it	
  is	
  sNll	
  the	
  best	
  recipe	
  for	
  success.	
  
	
  
Sincerely	
  
W.	
  Bauer	
  

28-­‐Oct-­‐13	
   Wolfgang	
  Bauer,	
  MSU	
   49	
  



Dear	
  PHY184	
  student,	
  
	
  
This	
  is	
  a	
  follow-­‐up	
  to	
  the	
  survey	
  I	
  sent	
  to	
  you	
  axer	
  last	
  semester,	
  the	
  one	
  that	
  asked	
  about	
  your	
  
use	
  of	
  the	
  intereacNon.com	
  web	
  site.	
  Early	
  this	
  semester	
  I	
  had	
  emailed	
  you	
  the	
  results	
  of	
  that	
  
survey.	
  	
  In	
  order	
  for	
  us	
  to	
  complete	
  our	
  study,	
  could	
  I	
  please	
  ask	
  you	
  to	
  take	
  a	
  couple	
  of	
  minutes	
  
to	
  answer	
  the	
  following	
  quesNons?	
  
	
  
1)	
  Did	
  you	
  reply	
  to	
  last	
  semester's	
  quesNonnaire?	
  	
  	
  (Y/N)	
  
2)	
  What	
  percentage	
  of	
  the	
  homework	
  assignments	
  did	
  you	
  use	
  intereacNon.com	
  for	
  for	
  this	
  
semester's	
  homework?	
  
3)	
  Did	
  you	
  change	
  your	
  use	
  of	
  intereacNon.com	
  axer	
  you	
  received	
  our	
  performance	
  analysis	
  
early	
  this	
  semester?	
  
	
  	
  A)	
  I	
  used	
  the	
  site	
  much	
  less.	
  
	
  	
  B)	
  I	
  use	
  the	
  site	
  somewhat	
  less.	
  
	
  	
  C)	
  I	
  used	
  the	
  site	
  about	
  the	
  same	
  amount.	
  
	
  	
  D)	
  I	
  used	
  the	
  site	
  a	
  li^le	
  more.	
  
	
  	
  E)	
  I	
  used	
  the	
  site	
  a	
  lot	
  more.	
  
	
  
As	
  before,	
  I	
  guarantee	
  you	
  that	
  your	
  answers	
  will	
  have	
  absolutely	
  no	
  influence,	
  posiNve	
  or	
  
negaNve,	
  on	
  your	
  grades.	
  
	
  
Thanks	
  very	
  much,	
  and	
  have	
  a	
  great	
  summer	
  
W.	
  Bauer	
  

Self-­‐test	
  opportunity	
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•  Give	
  a	
  50-­‐min	
  exam	
  each	
  Monday	
  
•  Covers	
  concepts	
  of	
  the	
  previous	
  week	
  
•  Large	
  overlap	
  with	
  homework	
  due	
  the	
  previous	
  
Friday	
  

•  Outcomes:	
  
– As	
  expected:	
  Cuts	
  down	
  on	
  cheaNng	
  on	
  homework,	
  
because	
  concepts	
  have	
  to	
  be	
  mastered	
  for	
  next	
  exam	
  
right	
  away!	
  

– As	
  expected:	
  	
  students	
  learn	
  significantly	
  more!	
  
– Huge	
  surprise:	
  	
  students	
  like	
  new	
  frequent	
  exam	
  
system!	
  

J.	
  Laverty,	
  G.	
  Kortemeyer,	
  W.	
  Bauer,	
  and	
  G.D.	
  Wesyall,	
  "Want	
  to	
  Reduce	
  Guessing	
  and	
  
CheaNng	
  While	
  Making	
  Students	
  Happier?	
  Give	
  More	
  Exams!",	
  Phys.	
  Teach.	
  50,	
  464-­‐467	
  
(2012).	
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1989: WWW, Berners-Lee 2007: iPhone (Apple) 

1994: Andreessen 

1998: Page, Brin 
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• Basic	
  physics	
  principles	
  
• Advanced	
  technology	
  
• Solving	
  largest	
  problem	
  of	
  our	
  civilizaNon	
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Time-­‐lapse	
  	
  	
  	
  	
  	
  	
  	
  	
  Real-­‐Nme	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Slow-­‐moNon	
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Largest	
  turbine:	
  
Enercon	
  E-­‐126	
  
•  Hub	
  height	
  135	
  m	
  
•  Rotor	
  diameter	
  126	
  m	
  
•  ~	
  7	
  MW	
  capacity	
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•  The	
  Nme	
  is	
  right	
  for	
  online	
  educaNon	
  
•  LON-­‐CAPA	
  /	
  CourseWeaver	
  provides	
  the	
  
appropriate	
  modern	
  computaNonal	
  and	
  
network	
  infrastructure	
  

•  An	
  online	
  course	
  with	
  the	
  central	
  theme	
  of	
  
energy	
  (English	
  and/or	
  Portuguese)	
  can	
  
educate	
  students	
  on	
  basic	
  principles	
  and	
  at	
  
the	
  same	
  Nme	
  address	
  concepts	
  with	
  great	
  
consequences	
  for	
  our	
  society	
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Wolfgang	
  Bauer	
  
bauer@pa.msu.edu	
  
h[p://www.pa.msu.edu/~bauer/	
  


