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Course	  Outline	  

!  Introduc,on	  and	  Basic	  Concepts	  
!  The	  Crowd	  
!  The	  Task	  
!  Evalua,on	  techniques	  
!  Selec,on	  techniques	  
!  Aggrega,on	  techniques	  
!  Programming	  Languages	  for	  Collec,ve	  Intelligence	  
!  Legal	  Issues	  
!  Collec,ve	  Intelligence	  as	  a	  new	  wave	  of	  changes	  
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INTRODUCTION	  
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Crowd	  Compu*ng	  Taxonomy	  
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Part-‐of	  
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INTRODUCTION	  
WHY	  SHOULD	  WE	  CARE?	  
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Complex	  problems	  
!  Examples:	  

!  Find	  the	  cure	  for	  sicknesses	  	  
!  Design	  new	  products	  in	  a	  very	  compe,,ve	  world	  
!  Fund	  projects	  
!  Fully	  analyze	  huge	  number	  of	  alterna,ve	  
!  Find	  things/get	  a	  precise	  answer	  in	  a	  overloaded	  informa,on	  world	  
!  Discover	  new	  protein	  structures	  
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Human	  problem-‐solving	  approaches	  
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INTRODUCTION	  
COLLECTIVE	  INTELLIGENCE	  IS	  A	  NOT	  NEW	  IDEA	  
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CI	  traces	  
The	  weight	  of	  an	  Ox	  
!  1907	  Galton’s	  experiment:	  

!  787	  people	  
!  Ox	  weight:	  1,198	  pounds	  
!  Average	  Guess:	  1,197	  pounds	  

Crowd	  creates	  be>er	  es?mates	  

9	  

(Surowiecki	  	  2004)	  	  
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CI	  traces	  
Jelly	  beans	  in	  a	  jar	  
!  1987,	  Prof.	  Jack	  Treynor,	  University	  of	  Southern	  California:	  	  

!  850	  jelly	  beans	  
!  56	  students	  
!  Average	  es,mate	  only	  2,5%	  off	  

!  2007,	  Michael	  Maubóussin,	  Columbia	  Business	  School:	  	  
!  1,116	  jelly	  beans	  	  
!  73	  students	  
!  Guesses:	  250-‐-‐4,100	  
!  Average	  Guess:	  1,151	  (only	  3%	  off)	  

Crowd	  creates	  be>er	  es?mates	  
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CI	  traces	  
Who	  wants	  to	  be	  a	  millionaire?	  

!  Phone	  a	  friend:	  65%	  
!  Ask	  the	  audience:	  91%	  
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CI	  traces	  
01/28/86,	  Space	  ShuXle	  Challenger	  spacecraY	  
disintegrated	  over	  the	  Atlan*c	  Ocean.	  	  
!  Impact	  for	  the	  4	  major	  builders:	  

!  Rockwell:	  built	  the	  shu)le	  &	  main	  engines	  
!  Lockheed:	  managed	  ground	  support	  
!  Mar,n	  Marie)a:	  the	  ship's	  external	  fuel	  tank	  
!  Morton	  Thiokol:	  the	  solid-‐fuel	  booster	  rocket	  

12	  

Company	   21	  minutes	  aYer	  
explosion	  

1	  day	  aYer	  
explosion	  

Rockwell	  	   -‐6%	   -‐3%	  

Lockheed	   -‐5%	   -‐3%	  

Marie)a	   -‐3%	   -‐3%	  

Thiokol	   -‐6%	   -‐12%	   The	  crowd	  fast	  iden*fied	  
the	  responsible	  

STOCK	  MARKET’S	  REACTION	  
Analysis	  (months	  later)	  iden,fied	  the	  cause	  

as	  a	  faulty	  O-‐rings	  Morton	  Thiokol	  
responsibility	  
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EXERCISE	  1	  
GUESS	  HOW	  MANY	  PEOPLE	  ARE	  AT	  IJCAI	  TODAY	  

	  
It	  will	  be	  posted	  in	  our	  website	  tomorrow:	  
!  Corrected	  answer	  
!  Average	  answer	  
!  Closest	  answer	  	  
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INTRODUCTION	  
WHY	  IS	  COLLECTIVE	  INTELLIGENCE	  SO	  IN	  FASHION	  NOWADAYS?	  
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ICT	  advances	  
!  Fast	  and	  cheap	  Internet	  

!  High	  engagement	  in	  social	  networks	  
!  Facebook	  

!  1,44	  billion	  of	  ac,ve	  users	  (2015)	  	  
!  YouTube	  

!  1	  billion	  users	  (2015)	  	  
!  300	  h	  of	  video	  uploaded	  per	  minute	  

!  Twi)er	  
!  302	  M	  of	  users	  
!  80%	  ac,ve	  users	  on	  mobile	  
!  500	  M	  tweets	  per	  day	  

!  Fully	  connec,on:	  People	  are	  always	  connected	  -‐	  Mobile	  advances	  
!  Social	  media	  inclusiveness	  
!  Easy	  to	  par,cipate	  
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Internet	  Phase	  Transi*on	  
!  Weak	  links	  (enabled	  by	  social	  media)	  can	  greatly	  reduce	  hop	  
distances	  

16	  

pre-internet post-internet
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INTRODUCTION	  
THE	  DIFFERENT	  ROLES	  A	  CROWD	  MAY	  PLAY	  
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Paid	  workforce	  
Mechanical	  Turk	  

!  Amazon	  offers	  “a	  crowd	  for	  hiring”	  
!  Workers:	  Paid	  work	  
!  Employee:	  define	  the	  task	  and	  might	  define	  the	  desired	  crowd	  profile	  
!  Good	  for:	  

!  Very	  simple	  tasks	  such	  as:	  
!   Evalua,ng	  products	  
!   Choosing	  between	  two	  alterna,ves	  
!   Answering	  surveys	  

!  Hits	  
!  Bad	  for	  

!  Tasks	  that	  requires	  “thinking”	  
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Other	  sites	  
!  Sites	  offering	  similar	  services	  

!  ClickWorker	  (German	  site	  à	  pay	  more	  the	  workers)	  
!  MicroTurks	  (low	  par,cipa,on)	  
!  RapidWorkers	  (easy	  tasks-‐	  use	  to	  pay	  $0.1	  per	  vote	  in	  YouTube-‐minimum	  $4	  
to	  pay)	  

!  CloudCrowd	  -‐	  good	  payment,	  ask	  Facebook	  and	  PayPal	  to	  par,cipate	  
!  MicroWorkers	  -‐	  simple	  task	  as	  commen,ng	  a	  video	  
!  ShortTask	  -‐	  small	  site	  
!  JobBoy	  -‐	  surveys	  
!  Do	  my	  stuff	  -‐	  bid	  task.	  	  Not	  too	  many	  in	  the	  crowd	  
!  Web	  e-‐serve:	  specializes	  in	  tasks	  related	  to	  social	  media	  
!  Crowd	  Flower**	  More	  complex	  tasks	  such	  as	  transla,on,	  transcripts	  and	  
surveys	  

!  Mini	  Freelance	  -‐	  small	  social	  tasks	  such	  as	  do	  a	  review	  and	  social	  bookmarking	  
!  CloudCrowd	  -‐	  tasks	  related	  to	  wri,ng	  
!  Crowdtap	  -‐	  only	  US	  par,cipants	  
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Crowd	  as	  Forecast	  
!  Forecas,ng	  Hollywood	  results	  

! HSX.com	  	  
!  Hollywood	  Stock	  Exchange	  

!  Crowd	  correctly	  predicted	  32	  out	  of	  39	  Oscar	  nominees	  
!  7	  out	  of	  8	  top	  category	  winners	  

!  Forecas,ng	  presiden,al	  elec,ons	  
!   IOWA	  Electronic	  Market	  (IEM)	  –	  University	  of	  North	  Carolina	  

!  Correctly	  predicted	  all	  but	  1	  candidate	  between	  1868	  and	  1940	  

20	  Klein	  &	  Garcia	  –IJCAI	  2015	  

(BeIng	  paper	  2003)	  



Crowd	  as	  Investor	  
! Crowdfunding	  projects	  

!  KIVA	  
! www.kiva.org	  
!  Post	  a	  project	  
!  Ask	  for	  contribu,on	  to	  do	  project	  
!  Donors	  receive	  at	  the	  end	  their	  money	  back	  into	  Kiva’s	  account	  
!  Reputa,on	  is	  key	  (“the	  crowdfunding	  bank”)	  

!  In	  general,	  it	  costs	  5-‐6%	  
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Other	  crowdfunding	  projects	  
!  Kickstarter:	  ar,s,c	  projects-‐rigorous	  submission	  process	  (only	  
projects	  from	  U.S.,	  U.K.	  and	  Canada)	  
! www.kickstarter.com	  

!  Indiego:	  ini,ally	  for	  fil	  produc,on.	  “plavorm	  is	  available	  to	  anyone,	  
anywhere,	  to	  raise	  money	  for	  anything”	  
! www.indiegogo.com	  

!  RocketHub:	  SciFund	  annual	  challenge	  
! www.rockethub.com	  

!  Peerbackers:	  funding	  entrepreneurs	  and	  innovators	  -‐-‐	  all	  over	  the	  
world.	  	  
! peerbackers.com	  

!  SoMoLend	  (Social	  Local	  lending):	  targets	  brick-‐and-‐mortar	  
companies	  that	  already	  have	  customers	  and	  cash	  flow	  and	  can	  
service	  debt.	  	  Money	  comes	  friends	  and	  rela,ves	  
! h)ps://somolend.com	  
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Crowd	  as	  inves*gator	  
!  Zooniverse	  

!  more	  than	  100,000	  volunteers	  classified	  over	  1m	  galaxies	  in	  a	  few	  months	  

23	  

“The	  needle	  in	  the	  Haystack”	  

h)p://www.galaxyzoo.org/	  
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Crowd	  as	  inves*gator	  
!  Where	  is	  Jim	  Gray?	  

!  Famous	  researcher	  	  
!  Turing	  award	  (1998)	  
!  Microsoy	  e-‐Science	  group	  
!  Lost	  at	  sea	  in	  January	  2007	  
!  Coast	  Guard’s	  air	  and	  surface	  search	  cover	  40,000	  square	  miles	  
!  12,000	  people	  scanned	  NASA	  satellite	  imagery	  covering	  30,000	  square	  miles	  
!  Public	  call	  for	  help	  

!  Nasa	  website	  to	  find	  craters	  in	  Mars	  
! h)p://beamar,an.jpl.nasa.gov/	  

!  The	  mystery	  of	  Fligth	  MH370	  
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Sample	  Imaginary	  

Size	  of	  Jim’s	  boat	   Ex.	  of	  ocean	  water	  
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Crowd	  as	  Oracle	  
!  Answering	  ques,ons	  
!  VizWiz	  

! Vizwiz.com	  
!  Mobile	  applica,on	  
!  Take	  a	  picture	  
!  Speak	  a	  ques,on	  
!  Get	  an	  answer	  
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Others	  
!  Users	  post	  ques,ons	  
!  Users	  post	  answers	  
!  Users	  evaluate	  answers	  
!  Ranked	  answers	  
!  Quora	  

! h)ps://www.quora.com	  

!  StackOverflow	  
! h)p://stackoverflow.com	  
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Crowd	  as	  Advisor/Evaluator	  
!  Recommenda,on	  Systems	  

!  Users	  evalua,on	  on	  products	  
!  Ra,ng	  and	  ranking	  
!  Most	  common	  and	  accepted	  use	  of	  the	  crowd	  
!  Standard	  example:	  Amazon.com	  
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Crowd	  as	  Inventor	  
!  Innocen,ve	  

! h)p://www.innocen,ve.com	  
!  Run	  contests	  to	  solve	  open	  problems	  
!  Objec,ve	  is	  to	  find	  in	  the	  crowd	  the	  genius	  

28	  Klein	  &	  Garcia	  –IJCAI	  2015	  



Others	  
!  Climate	  Colab:	  solu,ons	  to	  Global	  warming	  

! h)p://climatecolab.org	  

!  Nevlix:	  be)er	  recommenda,on	  algorithm	  
!  Launched	  in	  2006	  
!  $1	  M	  grand	  prize	  
!  Few	  months	  later	  à	  a	  be)er	  algorithm	  appeared	  
!   In	  2009,	  got	  the	  prize	  
! h)p://www.nevlixprize.com	  

!  FoldIt:	  new	  protein	  structure	  
!  3D	  game	  	  
!  Goal	  is	  to	  find	  new	  protein	  structure	  
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EXERCISE	  2	  
GUESS	  HOW	  MANY	  JELLIES	  ARE	  	  IN	  A	  JAR	  	  
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INTRODUCTION	  
CROWD	  HYSTERIA	  
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Not	  always	  a	  crowd	  leads	  to	  CI	  
!  1636:	  Tulips’	  price	  

!  rage	  among	  Dutch	  to	  possess	  tulip	  
!  price	  of	  a	  bulb	  of	  tulip	  went	  up	  to	  the	  price	  of	  a	  house	  
!  sudden	  glut	  caused	  prices	  to	  fall	  

!  2000:	  Bubble	  of	  the	  .com	  companies	  
!  2013:	  Reddit-‐wrong	  iden,fica,on	  of	  suspects	  in	  the	  terrorist	  a)ack	  
of	  the	  Boston	  marathon	  
!  The	  site,	  incorrectly	  iden,fied	  an	  Indian	  American	  college	  student	  as	  “Suspect	  
Number	  Two”	  

!  272,000	  users	  on	  the	  site	  
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INTRODUCTION	  
REQUIREMENTS	  FOR	  THE	  WISDOM	  OF	  THE	  CROWD	  
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Premises	  for	  the	  Wisdom	  of	  the	  crowd	  
!  Diversity	  of	  opinions	  

!  Groups	  with	  a	  range	  of	  perspec,ves	  outperform	  groups	  of	  like-‐minded	  
experts.	  (Page	  2008)	  
!  Without	  diversity	  group	  tend	  to	  GROUPTHINK	  

!  Independence	  of	  decision-‐making	  
!  For	  evalua,on	  task,	  communica,on	  leads	  to	  biased	  opinions	  

!  Decentraliza,on	  
!  Contribu,on	  comes	  from	  all	  over	  

!  Good	  method	  for	  aggrega,ng	  opinions	  
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THE	  CROWD	  
TYPE	  OF	  CROWDS	  
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Type	  of	  crowds	  
!  According	  to	  the	  anonymity	  of	  the	  individuals	  

!  Anonymous	  parBcipaBon	  
!   IdenBfied	  parBcipaBon	  

!  According	  to	  crowd’s	  profile	  
!  Required	  profile	  
!  Any	  profile	  

!  According	  to	  communicaBon	  within	  the	  crowd	  
!  CommunicaBon	  allowed	  (reputaBon	  plays	  a	  role)	  
!  Without	  communicaBon	  
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THE	  CROWD	  
INCENTIVES:	  MAKING	  THE	  CROWD	  PARTICIPATING	  
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Crowd	  par5cipa5on	  incen5ve	  
!  According	  to	  the	  incenBve	  

!  Monetary	  reward	  (Ex.	  mechanical	  turk)	  
!  RecogniBon	  reward	  (Ex.	  Trip	  advisor	  à	  ReputaBon	  of	  the	  recommenders)	  
!  ObligaBon	  (No	  opBon	  -‐	  Ex.	  Captcha)	  
!  Fun	  (ex.	  FoldIt)	  
!  Voluntary	  work	  for	  a	  cause	  (Ex.	  Finding	  the	  sailor;	  Virginia	  hiYng	  case)	  
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Crowd	  mo5va5on	  taxonomy	  

5	  

Social	  contact

Love MeaningFun

MotivationsGlory

Implicit

Hidden

Side	  effectRe-‐framing

Profit

Money

Make	  connections

Reputation

Improve	  what	  you	  
use

Incent	  reciprocity

Acquire	  skills
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THE	  CROWD	  
CROWD	  ORGANIZATION	  
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Types	  of	  crowd	  organiza5on	  
!  Direct	  Crowdsourcing	   	  	  

!  There	  is	  a	  coordinator/employer	  that	  recruit	  people	  	  and	  guide	  the	  crowd	  to	  
do	  a	  specific	  task	  

!  Self-‐organized	  Crowdsourcing	  
!  Based	  on	  common	  interests	  or	  events,	  a	  group	  spontaneously	  emerges	  to	  do	  a	  
task	  

!  Passive	  Crowdsourcing	  
!  Work	  is	  fruit	  of	  the	  crowd’s	  usual	  acBvity.	  	  
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Direct	  organiza5on	  
!  CoordinaBon	  is	  done	  by	  a	  central	  person	  (in	  general,	  the	  person	  that	  
hired	  the	  crowd)	  

!  The	  task	  is	  designed	  by	  the	  coordinator	  
!  Ex.:	  Mechanical	  Turk	  
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Self-‐organized	  Crowdsourcing	  	  
!  Volunteer	  work	  	  

!  Wikipedia1	  (biggest	  encyclopedia)	  
!  Missing	  people	  idenBficaBon	  in	  satellite	  photos	  (Hellerstein	  and	  Tennenhouse	  
2011)	  

!  SoluBon	  of	  mathemaBcal	  open	  problems	  (Cranshaw	  and	  Kieur	  2011b)	  
!  CollecBve	  witness	  during	  crisis	  and	  violent	  government	  acBons	  (Okolloh	  2009)	  
!  CreaBon	  of	  a	  DB	  of	  common	  sense	  knowledge	  (Singh	  et	  al.	  2002)	  

!  Issues	  
!  Leadership	  
!  CoordinaBon	  
!  Conflict	  
!  CreaBvity	  
!  CollecBve	  AcBon	  	  
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Self-‐organized	  Crowdsourcing:	  Leadership	  
!  Self-‐organized	  groups	  à	  decision	  making	  process	  is	  pivot	  

!  Group	  spend	  most	  Bme	  discussing	  what	  to	  do?	  
!  Example:	  Wikipedia	  (Kieur	  et	  al.	  2007)	  

!   Data:	  log	  of	  all	  acBviBes	  in	  wiki	  
!   All	  content	  ediBng	  versus	  ediBng	  on	  acBon	  coordinaBon	  

!  With	  Bme,	  content	  contribuBons	  decay	  from	  95%	  to	  ˜50%	  à	  it	  suggests	  that	  with	  
Bme	  coordinaBon	  issues	  appear	  

!  With	  the	  raise	  of	  the	  number	  of	  contribuBons,	  quality	  only	  improves	  if	  editor	  take	  
direct	  acBon	  instead	  of	  remaining	  discussing	  in	  the	  “Talk”	  

!  Difficult	  entrance	  to	  natural	  leader	  
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Self-‐organized	  Crowdsourcing:	  Coordina5on	  
!  In	  crisis	  situaBon	  coordinaBon	  does	  not	  seem	  to	  be	  a	  problem	  

!  Twieer	  has	  been	  a	  good	  media	  to	  maintain	  people	  aware	  of	  problems	  
!  Lack	  of	  official	  informaBon	  à	  individuals	  share	  informaBon	  à	  others	  filter	  and	  
make	  it	  available	  

!  Users	  can	  remain	  in	  local	  news	  
!  Ex.	  ShooBng	  in	  University	  of	  Virginia	  (Vieweg	  et	  al.	  2010)	  
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Self-‐organized	  Crowdsourcing:	  Conflict	  
!  Conflicts	  are	  welcomed	  in	  crowdsourcing	  (diversity	  of	  opinions)	  

!  Systems	  planned	  to	  live	  with	  conflicts	  
!  Deliberatorium	  (Klein	  2011)	  
!  Reflect	  (Kriplean	  et	  al.	  2011)	  
!  ConsiderIt	  (Kriplean	  et	  al.	  2011)	  	  
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Self-‐organized	  Crowdsourcing:	  Crea5vity	  
!  Is	  it	  possible	  to	  obtain	  creaBve	  soluBon	  from	  the	  crowd?	  

!  Maybe	  

!  Scratch:	  
!  Online	  community	  remixing	  animaBons	  (Resnick	  et	  al.	  2009;	  Hill	  and	  Monroy-‐
Hernandez	  2013)	  	  
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Self-‐organized	  Crowdsourcing:	  Collec5ve	  Ac5on	  
!  Example:	  

!  CollecBve	  acBon	  to	  find	  a	  Berkeley	  professor	  (Jin	  Gray)	  that	  disappear	  in	  the	  
ocean	  (flight	  fell	  in	  the	  ocean):	  
!  “hacker”	  community	  looking	  at	  satellite	  images	  built	  soqware	  to	  search◊	  they	  
didn’t	  find	  the	  flight	  

!  Precursor	  work	  of	  collecBve	  intelligence	  
!  Break	  the	  inerBa	  is	  the	  biggest	  challenge	  
!  Catalyst	  allow	  individuals	  to	  condiBon	  their	  parBcipaBon	  

!  Ex.	  I	  will	  only	  teach	  class	  with	  at	  least	  an	  audience	  of	  10	  students	  (Cheng	  and	  
Bernstein	  2014)	  
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Passive	  Crowdsourcing	  
!  ObjecBve	  

!  No	  interference	  in	  users	  normal	  flow	  of	  acBons	  
!  Requires	  
!  Tool	  instrumentaBon,	  regulaBon	  and	  inference	  

!  Individual	  contribuBon	  is	  a	  sub	  product	  of	  normal	  acBons	  
!  Search	  site	  log	  (Culliss	  2000)	  

!  Use	  the	  interacBon	  log	  to	  opBmize	  search-‐reorganize/reprioriBze	  the	  results	  
!  Do	  not	  ask	  users	  to	  do	  anything	  

!  Cell	  usage:	  AirSage	  -‐	  (Burbank	  et	  al.	  2011	  )	  
!  Change	  the	  repeBBon	  tower	  
!  Hint	  of	  where	  we	  are	  
!  Hint	  to	  traffic	  analysis	  

!  Google	  page	  indexing	  
!  Clicking	  on	  a	  page	  helps	  ranking	  a	  page	  fro	  future	  retrievals	  
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Examples	  of	  passive	  crowdsourcing	  
!  Waze	  

!  Cell	  informaBon	  to	  indicate	  beeer/faster	  routes	  

!  Edit-‐wear	  and	  Read-‐wear	  systems	  (Hill	  et	  al.	  1992)	  
!   In	  which	  part	  of	  the	  document	  users	  will	  spend	  more	  Bme	  reading	  /	  ediBng	  

!  Data	  mining	  of	  the	  Twieer	  messages	  to	  idenBfy	  
!  Sickness	  propagaBon	  (Sadilek	  et	  al.	  2012)	  
!  PoliBcal	  results	  (Livne	  et	  al.	  2011)	  

!  Livehoods	  project	  (Cranshaw	  et	  al.	  2012)	  	  
!  Check-‐in	  in	  the	  foursquare	  to	  build	  neighborhood	  models	  

!  HelpMeOut	  (Hartmann	  et	  al.	  2010)	  
!  Use	  IDEs	  to	  capture	  developers	  reacBon	  to	  errors.	  It	  builds	  a	  library	  of	  errors	  
&	  fixes	  to	  suggest	  fixes	  when	  similar	  errors	  occurs.	  	  
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THE	  CROWD	  
CROWD	  COORDINATION	  

17	  



Types	  of	  Coordina5on	  

18	  

Flow	   Share	   Fit	  

Network	  



Type	  of	  coordina5on:	  Flow	  
!  Push	  communicaBon	  
!  Examples:	  

!  Text	  
!  Email	  
!  Micro-‐blogs	  (e.g.	  twieer)	  
!  …	  

19	  
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The	  Power	  of	  Weak	  Links	  

20	  

CrisBna	  Garcia	  
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Six	  Degrees	  of	  Separa5on	  
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Social	  Filtering	  via	  Web	  of	  Trust	  

22	  



Type	  of	  coordina5on:	  Share	  
!  A	  pull	  medium	  –	  publishing	  for	  free	  
!  Examples	  

!  Medical	  
! hep://www.webmd.com/	  

!  Entertainment	  
! heps://www.youtube.com/user/TayZonday	  

!  EducaBonal	  
!  “Take	  the	  world’s	  best	  courses,	  online,	  for	  free”	  

! heps://www.edx.org/	  (MIT,	  Harvard,	  Berkeley	  …)	  
! heps://www.khanacademy.org/	  

!  Open	  data	  
! hep://catalog.data.gov/dataset	  
! hep://data.worldbank.org/	  
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Type	  of	  coordina5on:	  Fit	  
!  Push	  communicaBon	  
!  Example	  

!  Wikipedia	  
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Type	  of	  coordina5on:	  Network	  
!  The	  Web	  

!   Individual	  create	  
!   Individuals	  get	  
!  ReputaBon	  filtering	  
!  Knowledge	  filtering	  
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THE	  CROWD	  
QUALITY	  CONTROL	  OF	  THE	  CROWD'S	  WORK	  

How	  do	  we	  ensure	  that	  workers	  do	  a	  good	  job?	  
hep://www.cs.rochester.edu/u/jbigham/vizwiz/video/	  
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Demographics	  
!  In	  January	  2011,	  Mturk	  had	  over	  500,000	  workers	  in	  over	  190	  
countries	  

!  Crowdflower	  claims	  5	  million	  contributors	  
!  Obs.:	  Mostly	  English	  speaking	  popula5on	  

27	  h:p://techlist.com/mturk/global-‐mturk-‐worker-‐map.php	  



Flip-‐a-‐Coin	  Experiment	  

28	  



Prices:	  Remunera5on	  is	  typically	  low	  
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Pay	  for	  Par5cipa5on	  
!  Call	  for:	  Pay	  for	  Performance	  

30	  h:p://dl.acm.org/citaGon.cfm?id=1600175	  



Quality	  Leverage	  Points	  
!  Filter	  the	  crowd	  
!  Filter	  the	  result	  

31	  

Output	  Input	  

Task	  router	  
Before	  computaGon	  

Output	  aggregaBon	  
ANer	  computaGon	  



Filter	  The	  Crowd	  
!  Filter	  by	  contributor	  features	  (demographics,	  performance	  history,	  
screening	  quesBons)	  

!  Supported	  by	  machine	  learning	  

32	  h:p://www.crowdflower.com/	  



Challenge:	  Iden5ty	  Switching	  

33	  



Challenge:	  Reputa5on	  Manipula5on	  

34	  



Op5on:	  Peer	  Recruitment	  
!  This	  incents	  people	  to	  use	  their	  social	  knowledge	  to	  find	  someone	  
who	  can	  do	  a	  good	  job	  

35	  Tang,	  J.	  et	  al	  (2011):	  Reflec%ng	  on	  the	  DARPA	  Red	  Balloon	  Challenge	  CACM	  2012	  (4):	  78-‐85	  

$40,000	  prize	  to	  find	  10	  
red	  weather	  balloons	  

$500	  

$1000	  

$2000	  



Filter	  the	  output:	  How	  Much	  Redundancy?	  
!  “gold”	  ques5ons	  
!  Answer	  features	  (e.g.	  answer	  Bme)	  
!  Eureka	  problems	  
!  Consistency	  amongst	  redundant	  tasks	  
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Eureka	  problems	  
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THE	  CROWD	  
OPEN	  ISSUES	  

37	  



The	  crowd	  
!  Number	  of	  people	  

!  How	  many	  people	  does	  it	  take	  to	  make	  a	  crowd?	  

!  Diversity	  
!  How	  diverse	  should	  the	  crowd	  be?	  Age,	  gender,	  educaBon,	  experBse	  in	  the	  
task,	  religion,	  age,	  Country,	  culture…..	  

!  CommunicaBon	  
!  What	  degree	  of	  communicaBon	  should	  be	  allowed	  to	  not	  interfere	  with	  
independence	  of	  decision-‐making?	  
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THE	  TASK	  FOR	  THE	  CROWD	  

1	  



According	  to	  stop	  criteria	  
!  Dura'on	  of	  the	  task	  

!  Limited	  (Mechanical	  Turk	  
jobs)	  

!  Unlimited	  (idea'on	  contests)	  
!  According	  to	  expira'on	  date	  

!  Open	  (NetFlix)	  
!  With	  a	  deadline	  (Mechanical	  
Turk)	  

Types	  of	  tasks	  
According	  to	  the	  ac>vity	  

!  Play	  (FoldIt)	  
!  Map	  	  
!  Guess	  	  	  
!  Predict	  
!  Describe	  
!  Categorize	  
!   Iden'fy	  
!  Design	  
!  Filter	  
!  Fund	  (crowdfunding	  sites)	  

2	  

According	  to	  the	  task	  design	  
!  Micro	  tasks	  (Cas'ngWords);	  	  
!  Cogni've	  Challenge	  (NetFlix)	  
!  Gamifica'on	  (FoldIt)	  

According	  to	  crowd	  awareness	  
!   Implicit	  (Captcha)	  
!  Explicit	  (Innocen've)	  
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Typical	  Crowdsourcing	  Tasks	  
!  Small	  tasks	  which	  are	  easy	  for	  people,	  but	  difficult	  for	  computers:	  
"ar'ficial	  intelligence"	  

3	  

h6ps://www.mturk.com/mturk/findhits?match=false	  
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Task	  accomplishment’s	  strategies	  
!  Challenge	  

!  Contests	  	  
!  Ex.	  Innocen've	  contests;	  Climate	  Colab	  

!  Divide	  task	  into	  micro	  tasks	  
!  Simple	  tasks	  
!  Ex.	  Most	  Mechanical	  Turk	  jobs;	  Ca'ngWords	  

!  Gamifica'on	  
!  Transform	  the	  problem	  into	  a	  game	  
!  Ex.	  FoldIt	  
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THE	  TASK	  FOR	  THE	  CROWD	  
TASK	  WORKFLOW	  

5	  



Components	  of	  Workflow	  Technology	  

6	  

Analyze
Process

[	  Re	  ]	  Define
Process

Enact
Process

Analysis	  Results Metrics

Process	  Models Process	  Models
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Process	  Defini>on	  

7	  

Inputs Outputs

Inputs Outputs

Inputs Outputs

Inputs Outputs

Inputs Outputs

Resourcers
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Process	  Analysis	  
!  Simula'on	  
!  Cri'cal	  path	  analysis	  
!  Deadlock	  analysis	  
!  Dependency	  matrix	  analysis	  
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Process	  Enactment	  
!  Ex.	  Mechanical	  Turk	  sets	  up	  the	  user	  ToDo	  list	  
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Task	  Performance	  Environment	  
!  User	  would	  have	  all	  resources	  required	  to	  accomplish	  the	  task	  
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Status	  Tracking	  
!  Task	  comple'on	  can	  be	  followed	  by	  employer	  

11	  

Start End

Evaluate	  SPCP SPCP	  OK?

Reject	  SPCP

No

Create	  Plan

Yes

Plan	  OK? Logout	  SPCPYes

Evaluate	  Plan
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Metrics	  Collec>on	  
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Users	  Hate	  It	  in	  SE,	  but	  didn’t	  no>ce	  in	  CI	  
!  The	  rigidity	  of	  workflow	  systems	  means	  that	  people	  ocen	  (typically)	  
find	  it	  to	  be	  a	  hindrance	  e.g.	  Boeing	  manufacturing	  example	  
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TASK	  EVALUATION	  

14	  



Types	  of	  task	  evalua>on	  methods:	  Filtering	  the	  contribu>on	  

!  Evalua>ng	  the	  Individual	  
!  Calculated	  Reputa'on	  
!   Indica'on	  (Red	  Ballon)	  
!  Profile	  
!  Run	  a	  pre-‐task	  	  

15	  

! Evalua>ng	  the	  Result	  
!  Ra'ng/Ranking	  

!  Explicit	  as	  in	  any	  recommenda'on	  systems	  
!   Implicit	  as	  in	  Google	  environment	  
(naviga'on	  affects	  pagerank)	  

!  Comparing	  to	  Gold	  examples	  
!  Captcha	  with	  2	  words:	  a	  known	  and	  a	  
unknown	  

!  Automa'c	  evalua'on	  
!  Run	  &	  check	  the	  correctness	  	  
!  Run	  &	  calculate	  the	  “goodness”–FoldIt	  
!  Corpuses	  analysis	  –	  ex.	  Colab	  winner	  
guessing	  

!  Run	  &	  compare	  to	  threshold	  
!  Nellix	  à	  expected	  10%	  improvement	  
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TASK	  AGGREGATION	  

16	  



Aggregate	  Answers	  
!  Diverse	  aggrega'on	  func'ons	  

17	  

Output	  1	  

Input	   Output	  
aggregator	  

Output	  2	  

Output	  3	  

Output	  4	  

Output	  
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Types	  of	  Task	  Aggrega>on:	  providing	  the	  result	  
!  No	  aggrega'on	  needed:	  the	  solu'on	  is	  from	  one	  individual	  

!  The	  winner	  of	  a	  contest	  
!  Sta's'c	  func'ons	  

!  Average	  of	  numbers	  (ex.	  Ox	  weight)	  

!  Merge	  of	  selected	  answers	  
!  Photosynt	  

!  Fit	  into	  a	  framework	  
!  Lener	  recogni'on	  in	  Captcha	  applica'ons	  to	  feed	  old	  books	  transcrip'ons	  

!  Fit	  the	  puzzle	  
!  DNA	  sequencing	  
!  Transcript	  (Cas'ngWords)	  
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Fit	  the	  puzzle:	  Cas>ng	  Words	  
!  Transcribes	  long	  audio	  recordings	  by:	  

!  spliong	  them	  into	  overlapping	  segments	  
!  distribu'ng	  the	  work	  among	  workers	  
!  performing	  quality	  control	  
!  recombining	  the	  transcrip'on	  fragments	  
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Merge:	  Photosynth	  
!  People	  submit	  picture	  of	  same	  object	  
!  Algorithmically	  merge	  the	  images	  to	  create	  a	  3D	  model	  of	  the	  object	  
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Sta>s>c	  Func>on:	  ESP	  Game	  
Objec>ve:	  acquire	  good	  image	  labels	  
!  Type	  of	  Task:	  Game	  	  

!  Compe'ng	  teams	  	  
!  Team	  of	  2	  people	  
!  Point	  is	  given	  when	  both	  individuals	  write	  the	  same	  label	  for	  the	  image	  
!  Match	  means	  good	  label	  

21	  

(von	  Ahn	  &	  Dabbish	  2004)	  	  
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Sta>s>c	  Func>on:	  Peek	  A	  Boom	  

22	  

HINTHINTHINT

BUSH	  
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(von	  Ahn,	  Liu	  &	  Blum	  2006)	  	  



Sta>s>c	  Func>on:	  Peek	  A	  Boom	  

23	  

RONALD
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(von	  Ahn,	  Liu	  &	  Blum	  2006)	  	  



Sta>s>c	  Func>on:	  Peek	  A	  Boom	  
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Sta>s>c	  Func>on:	  Peek	  A	  Boom	  
!  Aggrega'on	  method:	  sta's'c	  func'on.	  Pixel	  intensity	  

25	  

+ SEGMENTATION
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Fit	  into	  a	  framework:	  Itera>ve	  Improvement	  

Soylent	  
Find-‐Fix-‐Verify	  
!  Find	  

!  Highlight	  phrases	  that	  
need	  edi'ng	  

!  Fix	  
!  Revise	  phrase	  within	  
context	  

!  Verify	  
!  Quality	  control	  step	  
!  People	  vote	  on	  bener	  
fix	  

26	  

hnp://projects.csail.mit.edu/soylent/	  
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CROWD	  PROGRAMMING	  LANGUAGES	  

1	  



Crowd	  vs	  Computer	  Programming	  
!  Wri&ng	  a	  program	  for	  the	  crowd	  is	  different	  than	  wri&ng	  for	  the	  
cloud	  
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Crowd	  vs	  Computer	  Programming	  
!  Incen&ves	  

!  Must	  design	  carefully	  to	  encourage	  good	  performance	  while	  avoiding	  gaming	  

!  Cogni&ve	  diversity	  
!  People	  vary	  widely	  in	  skills	  –	  it’s	  much	  harder	  to	  match	  tasks	  and	  resources	  
!  The	  composiCon	  of	  the	  crowd	  changes	  on	  a	  second-‐by-‐second	  basis	  

!  Error-‐prone	  
!  People	  have	  a	  high	  error-‐rate	  as	  well	  as	  huge	  error	  diversity,	  compared	  to	  
soGware	  
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Programming	  languages	  for	  aggregaCng	  microtasks	  
!  Turkit	  
!  CrowdForge	  
!  Crowd	  Databases	  

4	  Klein	  &	  Garcia	  –IJCAI	  2015	  



Turkit	  
!  Javascript	  with	  call	  to	  Mechanical	  Turk	  
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Crowdforge	  
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Crowd-‐based	  Databases	  

7	  

h6p://db.csail.mit.edu/qurk/	  
h6ps://amplab.cs.berkeley.edu/publicaHon/crowddb-‐answering-‐queries-‐with-‐crowdsourcing/	  
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ETHICAL	  CONCERNS	  
(ZiRain	  2009)	  

8	  



What	  is	  the	  purpose	  of	  the	  task?	  	  
!  Trying	  to	  find	  a	  lost	  person	  

!  Famous	  researcher	  (DB)	  
!  Lost	  at	  sea	  in	  January	  2007	  

9	  

Sample	  Imaginary	  

Size	  of	  Jim’s	  boat	   Ex.	  of	  ocean	  water	  
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What	  is	  the	  purpose	  of	  the	  task?	  	  
!  People	  look	  at	  scenes	  and	  press	  a	  buRon	  if	  they	  no&ce	  something	  
inappropriate	  
!  Crowd	  receive	  a	  	  
!  Micro	  task	  

10	  

Are	  we	  crea&ng	  Crowd	  “Vigilantes”?	  
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What	  is	  the	  purpose	  of	  the	  task?	  	  
!  What	  are	  we	  doing?	  

!   Ignorance	  on	  what	  we	  are	  really	  helping	  to	  do	  
!  We	  can	  work	  on	  a	  cause	  we	  wouldn’t	  if	  we	  knew	  

11	  

FronCers	  vigilance	  

Are	  we	  crea&ng	  Crowd	  
“Vigilantes”?	  
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What	  is	  the	  purpose	  of	  the	  task?	  	  

12	  

Mass	  news:	  micro	  task-‐	  redirect	  
camera	  posi&oning	  to	  register	  

something	  

Are	  we	  crea&ng	  Crowd	  
“Vigilantes”?	  
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What	  is	  the	  purpose	  of	  the	  task?	  	  
!  India	  -‐	  given	  an	  image,	  iden&fy	  persons	  that	  are	  smoking	  marijuana	  
(probably	  they	  will	  be	  arrested)	  

!  Iran	  -‐	  given	  an	  image,	  iden&fy	  persons	  that	  are	  par&cipa&ng	  in	  a	  riot	  
(probably	  they	  will	  be	  killed)	  
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What	  is	  the	  purpose	  of	  the	  task?	  	  
!  Trip	  Advisor	  
!  Amazon	  book	  review	  
! Booking.com	  

14	  Klein	  &	  Garcia	  –IJCAI	  2015	  



What	  is	  the	  purpose	  of	  the	  task?	  	  

15	  

Write	  to	  your	  representa&ve	  and	  	  
support	  this	  ac&on	  

Manipula&on	  of	  results	  
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Who	  is	  going	  to	  use	  the	  result?	  
!  What	  are	  we	  actually	  helping	  to	  solve?	  

16	  

Who	  are	  asking	  us	  to	  perform	  the	  
task?	  
For	  which	  purpose?	  

Klein	  &	  Garcia	  –IJCAI	  2015	  



Who	  is	  in	  the	  crowd?	  
!  RewriRen	  as	  a	  game	  

17	  

Human	  Compu&ng	  for	  EDA	  
Andrew	  DeOrio	  and	  Valeria	  Bertacco	  

Department	  of	  Computer	  Science	  and	  Engineering,	  University	  of	  Michigan	  
(awdeorio,	  valeria)@umich.edu	  
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Who	  is	  in	  the	  crowd?	  
!  Legal	  Issues	  

!  Child	  work	  

18	  

Task	  built-‐in	  other	  tasks	  
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Regula&on	  

Worker	  

Task	  Employer	  

19	  

!  Who	  is	  the	  worker?	  

!  What	  is	  the	  purpose	  of	  the	  task?	  
!  How	  long	  will	  the	  task	  be	  available?	  
!   For	  how	  long	  will	  a	  solu&on	  be	  used?	  
!  How	  much	  worth	  is	  the	  task?	  

!  Who	  is	  asking	  for	  the	  task?	  
!  What	  are	  the	  gains	  for	  the	  employer?	  
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A	  BIG	  CHANGE	  IS	  COMING	  

1	  



Aggregate	  and	  Share	  
!  Replacing	  tradi/onal	  knowledge-‐based	  ins/tu/ons	  with	  crowd-‐
generated	  content	  
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Entertainment	  
!  As	  of	  November	  2011,	  more	  than	  300	  hours	  of	  video	  are	  uploaded	  
to	  YouTube	  per	  minute	  -‐	  the	  equivalent	  of	  more	  than	  1.5	  million	  full-‐
length	  movies	  every	  week.	  

!  In	  May	  2010,	  YouTube	  was	  serving	  more	  than	  two	  billion	  videos	  a	  
day	  "nearly	  double	  the	  prime-‐/me	  audience	  of	  all	  three	  major	  US	  
television	  networks	  combined."	  

3	  

h6ps://www.youtube.com/yt/press/staCsCcs.html	  

Klein	  &	  Garcia	  –IJCAI	  2015	  



News	  
!  Example:	  October	  2010	  WikiLeaks	  released	  the	  largest	  classified	  
military	  leak	  in	  history:	  391,832	  reports	  documen/ng	  the	  war	  and	  
occupa/on	  in	  Iraq	  as	  told	  by	  soldiers	  in	  the	  US	  Army.	  
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News	  

5	  h6p://www.ushahidi.com/	   Klein	  &	  Garcia	  –IJCAI	  2015	  



News	  

6	  h6p://slashdot.org/	   Klein	  &	  Garcia	  –IJCAI	  2015	  



Map	  Making	  
!  “free”	  maps	  aren’t	  free	  
!  Started	  in	  2004,	  over	  500,00	  contributors	  

7	  h6p://www.openstreetmap.org/	   Klein	  &	  Garcia	  –IJCAI	  2015	  



Medicine	  

8	  
h6p://curetogether.com/	  	  and	  
h6ps://www.paCentslikeme.com/	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   Klein	  &	  Garcia	  –IJCAI	  2015	  



Science	  

9	  h6p://ebird.org/	   Klein	  &	  Garcia	  –IJCAI	  2015	  



Data	  Science	  

10	  

h6p://www-‐01.ibm.com/soHware/analyCcs/many-‐eyes/	  
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Government	  

11	  
h6p://seeclickfix.com/	  
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Government	  

12	  

h6p://www.peertopatent.org/	  
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HealthMap	  
!  HealthMap	  brings	  together	  disparate	  data	  sources,	  including	  online	  
news	  aggregators,	  eyewitness	  reports,	  expert-‐curated	  discussions	  
and	  validated	  official	  reports,	  to	  achieve	  a	  unified	  and	  
comprehensive	  view	  of	  the	  current	  global	  state	  of	  infec/ous	  
diseases	  and	  their	  effect	  on	  human	  and	  animal	  health.	  

13	  

h6p://www.healthmap.org/en/	  
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Social	  IdeaBon	  
!  Focusing	  crowd	  on	  finding	  superior	  solu/ons	  

14	  

1

Winning	  idea
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Social	  IdeaBon	  

15	  

h6p://mystarbucksidea.force.com/	  
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Large-‐Scale	  ParBcipaBon	  
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Long	  Tail:	  Finding	  Your	  Genius	  
!  No	  ma^er	  who	  you	  are,	  most	  of	  the	  smartest	  people	  work	  for	  
someone	  else	  (Bill	  Joy,	  Sun	  CTO)	  
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Access	  to	  Marginals	  
!  Typically,	  solu/ons	  come	  from	  non-‐experts	  
!  Famous	  example:	  a	  surface	  chemistry	  problem	  that	  stymied	  Proctor	  
&	  Gamble	  was	  solved	  by	  a	  den/st	  (innocen/ve)	  	  

!  Usually,	  the	  "marginal"	  developed	  solu/on	  long	  before	  	  a	  suitable	  
problem	  appeared	  
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Idea	  Synergy	  
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EvoluBonary	  Quality	  Spiral	  
!  People	  can	  share,	  recombine,	  and	  refine	  each	  other’s	  crea/ve	  
outputs	  
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Diversity	  Trumps	  Ability	  

!  Caltech	  professor	  Sco^	  E.	  Page	  built	  a	  computer	  model	  in	  which	  two	  
groups	  of	  sogware	  agents	  tried	  to	  solve	  a	  difficult	  problem.	  	  
!  Geniuses:	  the	  best	  agents	  
!  Crowd:	  a	  diverse	  group	  of	  agents	  

!  The	  crowd	  won!	  Why?	  
!  Geniuses	  are	  more	  homogenous	  -‐	  use	  a	  few	  "best"	  heuris/cs	  
!  Many	  problems	  don't	  succumb	  to	  a	  single	  approach:	  each	  step	  may	  require	  a	  
different	  toolbox	  

!  The	  crowd's	  toolbox	  is	  much	  bigger:	  if	  there	  are	  100	  mental	  tools,	  and	  each	  
person	  has	  50	  tools,	  there	  are	  100!/50!	  =	  10^96	  possible	  unique	  combina/ons	  	  
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TIME-‐CENTRIC	  SOCIAL	  IDEATION	  
e.g.	  web	  forums,	  email	  

22	  



Low	  Signal-‐to-‐Noise	  
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Low	  Signal-‐to-‐Noise	  
!  Ignorance	  (did	  someone	  already	  say	  that?)	  
!  Geong	  the	  last	  word/domina/ng	  the	  conversa/on	  
!  Off-‐topic,	  low-‐quality	  content	  
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Low	  Signal-‐to-‐Noise	  
!  About	  3-‐30%	  of	  the	  ideas	  from	  open	  innova/on	  engagements	  are	  
considered,	  by	  the	  customers,	  as	  being	  high	  quality	  

25	  

Blohm,	  I.,	  Köroglu,	  O.,	  Leimeister,	  J.	  M.,	  &	  Krcmar,	  H.	  (2011).	  AbsorpCve	  capacity	  for	  open	  innovaCon	  communiCes-‐
learnings	  from	  theory	  and	  pracCce.	  Proceedings	  of	  the	  Academy	  of	  Management	  Annual	  MeeCng.	  	  

Example	   ContribuBons	   Contributors	   Notes	  

Intel	  Jam	   1K	   300	   160	  person-‐hours	  summary	  /me	  

Dell	  Ideastorm	   21K	   Implemented	  ~2%	  of	  submi^ed	  
ideas	  

New	  Zealand	  
Police	  Act	  revision	  

30K	   Most	  comments	  thoughtless,	  
closed	  site	  

IBM	  Web	  Jam	   46K	   150K	   IBM	  flew	  100	  execu/ves	  to	  New	  
York	  to	  filter	  ideas;	  filtering	  took	  
several	  weeks	  

Obama	  Open	  to	  
Ques/ons	  

70K	   100K	   Shut	  down	  due	  to	  overload	  

Google	  contest	   150K	   100K	   3,000	  volunteers	  &	  9	  months	  to	  
filter/sort	  ideas	  
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BalkanizaBon	  

26	  

Lazer	  at	  al.	  ComputaConal	  Social	  Science.	  Science	  Vol	  323	  Feb	  6,	  2009	  
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Shallow	  IdeaBon	  
!  Ideas	  are	  typically	  generated	  quickly	  by	  single	  individuals	  without	  
reference	  to	  other	  submi^ed	  ideas	  

!  Users	  tend	  to	  submit	  lots	  of	  simple	  ideas,	  instead	  of	  a	  few	  detailed	  
ones	  
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The	  future..	  
!  From	  hierarchical	  organiza/ons	  to	  Peer	  structures	  

!  Ar/ficial	  Intelligence	  is	  the	  new	  industrial	  revolu/on	  à	  extreme	  capitalism	  à	  
max	  produc/vity	  

!  Collec/ve	  Intelligence	  as	  a	  natural	  movement	  for	  changing	  the	  structure	  of	  
power	  	  
!  From	  hierarchies	  to	  Peer	  structure	  
!  Changes	  

!   Poli/cal:	  crowd	  organiza/on	  might	  preclude	  government.	  	  Maybe	  a	  new	  socialism	  
!   Economical:	  the	  crowd	  chooses	  the	  projects	  to	  get	  financed	  
!   Social:	  from	  the	  individual	  enclosed	  in	  itself	  to	  people	  geong	  together	  to	  determine	  
their	  lives	  

!   Psychological:	  individuals	  get	  empowered	  by	  the	  crowd;	  individuals	  perceiving	  they	  can	  
make	  a	  change	  
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