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We	  talk	  about...	  

•  Problems	  that	  are	  hard	  for	  AI	  algorithms	  
•  How	  Human	  Computa6on	  can	  help	  
•  Human	  Computa6on	  examples	  
–  reCAPTCHA	  
– ESP	  Game	  
– Crowdsourcing	  marketplaces	  (Amazon	  Mechanical	  Turk)	  
– Ci6zen	  Science	  projects	  (Galaxy	  Zoo,	  eBird)	  

...and play some games.	






ARTIFICIAL	  INTELLIGENCE	  (AI)	  
PROBLEMS	  



http://www.google.com/recaptcha/digitizing	








Ar6ficial	  Intelligence	  (AI)	  Problems	  

•  There	  are	  many	  problems	  that	  are	  
– easy	  to	  solve	  for	  humans	  
– but	  difficult	  for	  even	  the	  most	  sophis6cated	  
computer	  algorithms	  



Ar6ficial	  Intelligence	  (AI)	  Problems	  

•  For	  certain	  problems	  no	  AI	  algorithm	  can	  
exceed	  human	  performance	  
– perceptual	  tasks	  (object	  recogni6on,	  music	  
classifica6on)	  

– natural	  language	  analysis	  (sen6ment	  analysis,	  
language	  transla6on)	  

– cogni6ve	  tasks	  (planning	  and	  reasoning)	  



HUMAN	  COMPUTATION	  



What	  is	  Human	  Computa6on?	  

•  Computa6on	  =	  the	  process	  of	  mapping	  input	  
to	  output	  using	  an	  explicit,	  finite	  set	  of	  
instruc6ons	  (algorithm)	  

•  Human	  Computa6on	  =	  computa6on	  carried	  
out	  by	  a	  human	  



EXAMPLES	  -‐	  RECAPTCHA	  



CAPTCHA	  

•  CAPTCHAs	  
– prevent	  automated	  programs	  from	  abusing	  online	  
services	  (buy	  one	  million	  6ckets	  online)	  

– prove	  that	  you	  are	  a	  human	  and	  not	  a	  computer	  

•  >	  200	  M	  CAPTACHAs	  are	  solved	  per	  day	  
– each	  taking	  approx.	  10	  seconds	  of	  human	  effort	  
– 500.000	  hours	  per	  day	  in	  total	  

http://en.wikipedia.org/wiki/File:Modern-captcha.jpg	




reCAPTACHA	  

•  reCAPTCHA	  channels	  effort	  into	  a	  “useful”	  
purpose:	  transcribing	  scanned	  books	  

•  Books	  wri_en	  before	  the	  computer	  age	  are	  
currently	  being	  digi6zed	  using	  OCR	  
– Google	  Books	  
–  Internet	  Archive	  

•  In	  older	  prints	  approx.	  30%	  of	  words	  cannot	  
be	  recognized	  by	  OCR	  



reCAPTCHA	  

•  Old	  printed	  material	  is	  being	  transcribed	  
word	  by	  people	  typing	  CATPCHAs	  on	  the	  
Web	  

•  Displays	  words	  from	  scanned	  texts	  that	  
OCR	  could	  not	  decipher	  



reCAPTCHA	  
•  User	  input	  needs	  to	  be	  verified	  
•  reCAPTCHA	  gives	  the	  user	  two	  words	  
–  one	  for	  which	  the	  answer	  is	  not	  known	  
–  a	  control	  word	  for	  which	  the	  answer	  is	  known	  

•  If	  the	  user	  correctly	  types	  the	  control	  word	  the	  
system	  assumes	  that	  
–  they	  are	  human	  
–  gains	  confidence	  that	  the	  unknown	  word	  is	  typed	  
correctly	  



reCAPTCHA	  

•  750	  million	  people	  (10	  %	  of	  humanity)	  have	  helped	  
digi6zed	  at	  least	  one	  word	  

•  Current	  transcrip6on	  rate	  /	  day:	  >	  160	  books	  
•  Experiment	  with	  50	  scanned	  NY	  Times	  Ar6cles	  
–  Standard	  OCR	  accuracy:	  83.5	  %	  
–  reCAPTCHA	  accuracy:	  99.1	  %	  (216	  errors)	  
–  professional	  manual	  transcrip6on:	  189	  errors	  



http://www.google.com/recaptcha/digitizing	




EXAMPLES	  -‐	  ESP	  GAME	  



ESP	  Game	  -‐	  Mo6va6on	  

•  Images	  on	  the	  Web	  present	  a	  major	  technical	  challenge	  
–  millions	  of	  them	  are	  available	  
–  textual	  descrip6ons	  are	  rare	  
–  computer	  vision	  techniques	  are	  not	  accurate	  enough	  

•  The	  only	  method	  for	  obtaining	  precise	  image	  
descrip6ons	  is	  manual	  labeling	  

•  5000	  people	  can	  assign	  labels	  to	  all	  images	  indexed	  by	  
Google	  in	  31	  days	  (at	  least	  back	  in	  2003)	  



ESP	  Game	  -‐	  Mo6va6on	  

•  It	  is	  es6mated	  that	  over	  200	  million	  
users	  play	  online	  games	  every	  week	  

http://blogs.courant.com/capitol_watch/2009/09/connecticut-budget-solitaire-photo.html	




ESP	  Game	  -‐	  Mo6va6on	  
•  By	  the	  age	  of	  21	  the	  average	  American	  
spent	  more	  than	  10,000	  hours	  playing	  such	  
games	  

•  Equivalent	  to	  five	  years	  working	  on	  a	  full-‐
6me	  job	  40	  hour	  per	  week	  

•  Games	  With	  A	  Purpose	  (GWAP)	  channel	  
this	  effort	  toward	  solving	  computa6onal	  
problems	  and	  training	  AI	  algorithms	  

•  The	  ESP	  Game	  is	  one	  GWAP	  instance,	  
applied	  to	  the	  problem	  of	  labeling	  Web	  
images	  



ESP	  Game	  -‐	  Basic	  Idea	  

•  Engage	  pairs	  of	  players	  in	  a	  simple	  game	  
•  Let	  them	  tag	  images	  independently	  
•  Reward	  them	  when	  their	  tags	  agree	  



ESP	  Game	  -‐	  Output	  Accuracy	  
•  For	  one	  input	  (image)	  there	  can	  be	  mul6ple	  
outputs	  (tags)	  

•  Taboo	  words	  
–  are	  words	  that	  the	  players	  are	  not	  allowed	  to	  
enter	  

–  are	  commonly	  guessed	  words	  related	  to	  the	  
image	  

–  are	  determined	  dynamically	  
–  force	  players	  to	  enter	  more	  specific	  tags	  
–  guarantee	  that	  each	  image	  will	  get	  many	  
different	  labels	  



Time to play some games....	


http://www.gwap.com/	




GWAP	  Design	  Considera6ons	  

•  GWAPs	  implement	  casual	  games	  
–  low	  entry	  barrier	  (e.g.,	  easy	  online	  access)	  
–  few	  simple	  controls,	  extremely	  easy	  to	  learn	  
– non-‐pushing	  (mul6ple	  scoring	  opportuni6es)	  
– can	  be	  consumed	  within	  short	  periods	  of	  6me;	  
5-‐20	  min	  during	  work	  (breaks)	  

–  inclusive,	  gender-‐neutral,	  li_le	  violent	  content	  
•  Human	  Computa6on	  games	  must	  also	  be	  fun	  



Exis6ng	  Human	  Computa6on	  Games	  



CROWDSOURCING	  MARKET	  PLACES	  





Mechanical	  Turk	  

http://en.wikipedia.org/wiki/File:Turk-engraving5.jpg	




Amazon	  Mechanical	  Turk	  

•  A	  plalorm	  for	  requesters	  to	  post	  tasks	  to	  
workers	  to	  perform	  in	  return	  for	  monetary	  
payment	  

•  Tasks	  are	  called	  HITS	  “Human	  Intelligence	  
Tasks.”	  

•  Approx.	  400,000	  workers	  by	  2010	  



AMT	  Tasks	  

•  Tasks	  are	  typically	  small	  
•  90%	  of	  the	  HITS	  have	  rewards	  <	  10	  cent	  
•  Typical	  tasks	  
– classifica6on	  (images,	  music,	  documents,	  ...)	  
–  transcrip6on	  
– crea6on	  of	  original	  content	  (reviews,	  stories,	  blog	  
posts)	  

•  Can	  be	  created	  programma6cally	  (API)	  



AMT	  Workers	  Demographics	  

•  Survey	  2010	  /	  1000	  Workers	  
•  From	  60	  countries,	  with	  majority	  (~80%)	  from	  the	  US	  
and	  India	  

•  Workers’	  characteris6cs	  
–  2:1	  female/male	  ra6o	  in	  the	  US	  (reverse	  in	  India)	  
–  on	  average	  younger	  and	  lower	  income	  than	  general	  
popula6on	  

–  secondary	  (US)	  versus	  primary	  (India)	  source	  of	  income	  
–  tend	  to	  have	  higher	  educa6on	  



EXAMPLES	  -‐	  CITIZEN	  SCIENCE	  



What	  is	  Ci6zen	  Science?	  

•  Science	  is	  data-‐intensive	  
– climate	  pa_erns	  
– species	  distribu6ons	  
–  trajectories	  of	  stars	  

•  Tedious,	  6me-‐consuming,	  and	  some6mes	  
impossible	  for	  a	  few	  scien6sts	  

•  Idea:	  engage	  non-‐scien6sts	  in	  the	  collec6on	  
and	  interpreta6on	  of	  data	  



Galaxy	  Zoo	  

•  Millions	  of	  galaxies	  can	  be	  seen	  in	  images	  
taken	  by	  the	  Hubble	  space	  telescope	  and	  
other	  telescopes	  on	  Earth	  

•  Galaxies	  can	  easily	  be	  classified	  by	  their	  shape	  
– hard	  task	  for	  automated	  algorithms	  
– easy	  task	  for	  humans	  





Galaxy	  Zoo	  -‐	  Facts	  

•  Largest	  astronomical	  collabora6on	  in	  history	  
– 200,000	  par6cipants	  from	  113	  countries	  
– >	  100	  M	  classifica6ons	  of	  galaxies	  

•  Resulted	  
–  in	  new	  discoveries	  
–  in	  an	  expanded	  project	  
h_ps://www.zooniverse.org/	  



Time to classify some galaxies....	


http://www.galaxyzoo.org/	




Galaxy	  Zoo	  -‐	  Data	  Collec6on	  

•  Some	  users	  made	  >	  100,000	  classifica6ons,	  
most	  only	  around	  30	  

•  Bogus	  data	  
– occur	  if	  users	  have	  browser	  problems	  or	  someone	  
ac6vely	  cheats	  

– 0.05%	  of	  all	  users	  were	  found	  unreliable	  in	  a	  first	  
experiment	  

•  Classifica6ons	  are	  weighted	  





eBird	  

•  Engages	  a	  global	  network	  of	  bird	  watchers	  to	  
report	  their	  bird	  observa6ons	  to	  a	  centralized	  
database	  

•  Anyone,	  anywhere,	  any6me	  
•  50,000	  individuals	  from	  >	  200	  countries	  
– volunteered	  >	  4	  million	  hours	  
– collected	  >	  70	  million	  bird	  observa6ons	  
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