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Online collaboration systems

Systems creating knowledge by massive online
collaboration:

« Tagging/geotagging systems:

« Games with a purpose:

« Content creation systems:

. Crowdsourcing: amazonmechanicalturk €% CrowdFlower

« Open source community: Q

« Polymath project:
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Wisdom of crowds — First experiment

At a 1906 country fair in Plymouth, UK, Sir Francis
Galton made an experiment, asking people to estimate
the weight of a slaughtered ox.

What does the ox weigh?
(1198 pounds)

He asked 800 participants.
The answers’ median was 1207 pounds (1% error)
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The wisdom of crowds

The premise of the wisdom of crowds is that averaging the
opinion of many individuals on a topic can give accurate

anNSwWers.

Examples and applications:

Francis Galton experiment
Who wants to be a millionaire
Recommendation systems
Prediction markets

Twitter

Democracy

The book of James Surowiecki has many examples
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This talk

We will look at three dimensions of the problem:
 Network effect on the wisdom of crowds

* The role of homophily and polarization in the
spreading of (mis)information

* How to schedule experts in crowdsourcing
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The wisdom of crowds

Main requirement:
Independence of opinions and diversity

What happens when we talk and influence each other?

Answer: Often bad things

— Think about democracy:

« ltaly, USA, Greece, have voters that keep/kept bringing
terrible governments

— GroupThink
— Spread of conspiracy theories

We want to study the network effect on the wisdom of
crowds in a natural setting
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Instructions to participants

Instructions:

Phase 1.

« Answer 4 simple questions (5 min)
* Return the answers

« Take and wear an RFID tag

Phase 2
* Discuss the guestions with others (20 min)
At the end answer the questions again and return the tags
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Tracking individual interactions

We can use RFID tags to track sustained face-to-face proximity

among people.

RFID Reader

RFID Tag
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Collection of F2F Iinteractions

A typical scenario...

— Each participant wears an RFID tag
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Examples of questlons

Innate/Learnt Ability (Class 1)

« How many spaghetti are in the pack?
» How many points are there in the following plcture’?

Knowledge and Reasoning (Class 2)

« What was the average female population of Italy
over the years 1960-19707?

« What is the value in EUR of the coins thrown into
the Trevi fountain in 20127

Prediction (Class 3)

« How many goals in total will the following teams score In /‘?
the first round (3 games each) of the 2014 Mundial? Brazll, \
Spain, Greece, Italy, France, Argentina, Germany, Russia -
(asked before the mundial... ©) el |
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SO far

¥

Experiments deployed
4;‘ '

1. WSDM 2013 Conference,
Feb 2013 (69 attendees)

2. My 2013 data mining class,
May 2013 (37 attendees)

3. Priverno’s town yearly fair,
May 2014 (60 attendees)

4. My 2014 data mining class,
May 2014 (25 attendees)
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Interaction graph

An interaction graph G = (V,E) nodee v
represents the interactions
between the people.

edgec E
(interaction)
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Interaction graphs

Priverno fair

Undirected graph

Nodes: 60
Edges: 128
Density: 0.072
Network Diameter: 9
Communities: 15
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Main findings: average improves

Priverno fair (the others are similar):

Q1 Q2

—_— ruth —

Normalized | |
true value Average In Average in
1st round 2"d round
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Main findings: std decreases

Priverno fair (the others are similar):

1.8

16 B Round 1
1.4 -

1.2 - = Round 2

0.8 -
0.6 -
0.4 -
0.2 -

Normalized standard deviation (std)

Q1 Q2
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Modeling user interactions

Having all these data we want to design models for

opinion formation

Why?
« Understand the opinion-formation process
« Understand effect of peer pressure

« Explain how interaction can lead to improved results

Hard: different people, lots of noise, missing info
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Modeling user interactions

DeGroot model: v,

A(w) + A(w) + A(w,) + A(vy) + A(v,)

A'(u) =
(W) 1+4 u V3

Generalized DeGroot model:

A(u): answer of u at R1

aA(u) + A(vy) + A(v,) + A(v;) + A(vy) A'(w): answer of u at R2

a+ 4

A'(w) =

But how can we explain the improvement?
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Some reflection

Peer interaction can lead to a more accurate crowd

... in contrast to previous studies in artificial settings
where interaction was imposed

How can we explain it?

When does interaction improves and when does it
harm?

Models...
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This talk

We will look at three dimensions of the problem:
 Network effect on the wisdom of crowds

 Therole of homophily and polarization in the
spreading of (mis)information

* How to schedule experts in crowdsourcing
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Can we always trust the crowd?

Numerous examples where large part of the population
believes false info:

« Does democracy always work?

« Conspiracy theories

« Unsubstantiated science (e.g., homeopathy)
« How does such info become popular?

9/ll WAS AN INSIDE JOR! JETFUEL CANT
BURN HOT ENOUGH TO MELT STEEL!

“So it's an absolute lie " ot WELL, REMEMBER - JET FUEL WRASNT
that [vaccines] have killed (el THE ONLY THING ON THOSE PLANES.
rspderialicn e [N B i | FUL. OF FE MND-T A
..And so the people who St X -1 31 i = &k | :
' goandengageinthose [ - wl ol f ‘ | i ARLNERS USE To MAKE CHEMTRAILS.
anti-vaccine efforts o . - A WHO AMOk/S WHAT TEMPERATURE
S o gy SO s e THAT STUFF BURNS AT

—you know, they,

—Bill Gates

e
O
IS

My HOBBY: RAYING CONSPIRACY
THEDRIES OFF RGAINST ERCH OTHER.

Aris Anagnostopoulos The Wisdom of Crowds School for Advanced Sciences of Luchon, 2015



Facebook study

Posts from 79 italian facebook group pages:
« 34 science group pages

* 65K posts

« 2.5M likes, 1.5M shares

« 39 conspiracy group pages
200K posts
 6.5M likes, 16M shares

Crawled the network of likers and found their
connections:

« 1.2M nodes

 35M edges
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180K likes

A facebook post

~

& I fucking love science
‘A

T. rex died out 66 million years ago. Stegosaurus last walked the Earth 150
million years ago. meaning they were separated by 84 million years.

o

deg\

The time difference between Tyrannosaurus Rex
and Stcgosaurus is greater than the time
difference between Tyrannosaurus Rex and YOU.

Like - Comment - Share 7 26,467 Shares

g2 180,768 people like this.
£J View previous comments 2 of 4,352

\

U o "
( Like - Reply

Raquel Binning Shawn Allen
- Like - Reply st 2

ﬁ

el Roderick Stewart Some people certainly kept their tytannosaurical disposition!

26K shares
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User polarization

We have 1.2M users who have
liked science/conspiracy posts.

Are they consistent with the content
they like?

For each user u define user
polarization p(u):

consp

plu) = consp + sci

consp:. # conspiracy posts u liked
sci. # science posts u liked
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User polarization

We have 1.2M users who have
liked science/conspiracy posts.

Are they consistent with the content
they like?

For each user u define user
polarization p(u):

PDF

consp

plu) = consp + sci

consp: # conspiracy posts u liked IS
sci. # science posts u liked p(u)
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User polarization

PDF

10

We can select two subsets of users:

Science users: {u: p(u) < 5%}

Conspiracy users: {u: p(u) = 95%]}
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User polarization

PDF

10

We can select two subsets of users:

Science users: {u: p(u) < 5%}

Conspiracy users: {u: p(u) = 95%]}

/

Aris Anagnostopoulos The Wisdom of Crowds School for Advanced Sciences of Luchon, 2015



Science vs. conspiracy

Science and conspiracy posts and users show very similar
behavior:

Post statistics Post lifetime

scientific news conspiracist news

—— Kaplan Meier estimate | scientific news

- 95% confidence intervals | scientific news
—— Kaplan Meier estimate | conspiracy news
- - - 95% confidence intervals | conspiracy news

0.8
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&
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* scientific news
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Largest connected component

science conspiracy
m il
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Homophily

Homophily: tendency of individuals to associate with
similar others

science users conspiracy users

1.0
1.0

0.8
0.8

0.6
0.6

0.4
0.4

0.2

fraction of polarized friends
0.2

fraction of polarized friends

B science users ® science users
B conspiracy users B conspiracy users

0O 02 04 06 08 1 0O 02 04 06 08 1
0.1 03 05 0.7 0.9 01 03 05 0.7 0.9

Y W

0.0
0.0

Y(u)oc # likes: Normalized liking activity of u
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Prediction of polarized friends

We can predict the ratio science conspiracy
of u’s friends who have - —
the same polarization ol ol
with u as a function of S S
u’s #likes: < =
> BT > &1
O r o r
o a0
o L o
2L 2
Oy =
-—— y=0.70 + 0.043 log(6) T—— y=0.71 + 0.047 log(8)
~ L R?=0.95 ~ L R?=0.98
O Llvvvileviilini bbb O Livvelviiilovii b bini b
1 2 3 4 5 6 1 2 3 4 5 6
log(6) log(6)

0(u) = #likes: Liking activity of u
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How do posts become viral?

How does the average user of a viral post look?

scientific news scientific news
S -
=
2o F
o b
® 3
& bt ol
10 10*
# shares # shares
conspiracy news conspiracy news
S - S -
_8 N
52 s =3
o & S= F
@© E B @© 3
© T o
10 1
# shares
deg(u): # friends of node u

Y(u)xc # likes: Normalized liking activity of u
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Troll posts

We also downloaded info about 4.7K troll posts:
posts with clearly useless or wrong information:

Politica
Back to Album - Semplicemente me's Photos - Semplicemente me’s Page Previous - Mext

“The Italian Senate voted and

leri il Senato della repubblica ha approvato con

257 voti a favore e 16'5 astenuti il disegno di acce pted (25 7 | N favo r an d 1 65
legge del Senatore Cirenga che prevede la .
nascita del fondo per i "Parlamentari in crisi" abSte ntion S) a I aw p o p Osed by
creato in vista dell'imminente fine legislatura. . .
Questo fondo prevede lo stanziamento di 134 S en ato r C iren g a alme d at
miliardi di euro da destinarsi a tutti ideputat:" fu N d | N g Wlth 134 b | I I | on E uro
che non troveranno lavoro nell'anno successivo g . .
alla fine del mandato. E questo quando in Italia th e po I | Cy m ake Is to f| N d a J 0O b
i malati di SLA sono costretti a pagarsi da soli le . . -
cure. Rifiett] e fai girare In case of defeat in the political
competition.”
cols el ok coprore et mache e — 1.1K | | k es
36K shares

- ;" Semplicemente me Una pagina web viena letta dalla maggiorparte degli

*‘ + utenti seguendo il paradigma della F : i fruitori di una paggiba leggono il titolo,
scomono verticalments senza leggere nulla fino a che Mocchio si ferma su
qualkche cosa che sembra importante ma non prima della meta dello schermo.
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Troll posts

We also downloaded info about 4.7K troll posts:
posts with clearly useless or wrong information:

Politica
Back to Album - Semplicemente me's Photos - Semplicemente me’s Page Previous - Mext

leri il Senato della repubblica ha approvato con
257 voti a favore e 165 astenuti il disegno di
legge del Senatore Cirenga che prevede la
nascita del fondo peri "Parlamentari in crisi"
creato in vista dell'imminente fine legislatura.
Questo fondo prevede lo stanziamento di 134

miliardi di euro da destinarsi a tutti i deputati
che non troveranno lavoro nell'anno successivo
alla fine del mandato. E questo quando in Italia
i malati di SLA sono costretti a pagarsi da soli le
cure. Rifletti e fai girare

Sempl cemente me Politica

* r-n— Per continuare a seguirci metti "mi piace™ su Semplicements me @ Pubiic
Che schifo, riflettiamoci bene di votare la prossil ftal | pas he v; rotol
per maot hi popoko che s :Pndo[ nere di una tassazione n Pt
record dew & Uno r’lodﬂ-l;ﬂ-nnr E per sc nt ndolala:.al na nload
evidenza che | 8 politic h= i govema & tremse rdar' n1 na:lﬂg..la1 & questo & solo
col

nn-:hnihavmai a ma che ha soprat condiviso questa immane

boiata falsa che solo dei boccaloni come voi potevano reputa a. Quasimodo

ma della F : i fruitori di una paggiba leggono il titolo,
enza leggere nulla fino a che Nocchio si ferma su
sembra importante ma non prima della meta dello schermeo.

“The ltalian_Senate voted ang
accepted n favor and
abstentions) a law proposed by

the policy makers to a job
In case of defeat in the political

competition.”
e 315+5 members in

ltalian senate!

— 1.1K likes « Cirenga does not
exist!
36K shares . 134B EUR > 1/20 of
French GDP!
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Troll posts: degree and activity

o
S
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# shares
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10 10 10° 0 .
# shares
deg(u): # friends of node u

Y(u)xc # likes: Normalized liking activity of u
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Troll posts: polarization
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Troll posts: polarization at different
virality levels 25

L 15
a 10

# shares > 10°

25
20
L 15

o 10
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# shares > 10°
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a 10

o o,
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# shares > 10*

P
—_
o
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Some reflection

 Peer influence can reinforce ones ideas

« ... to the extent that people might believe clearly false
Info

« Clear evidence of psychological phenomena such as
« Cognitive closure: the human desire to eliminate
ambiguity and arrive at definite conclusions
(sometimes irrationally)
« Confirmation bias: tendency to search for,
believe, and remember info in a way that is aligned
with ones beliefs
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This talk

We will look at three dimensions of the problem:
 Network effect on the wisdom of crowds

* The role of homophily and polarization in the
spreading of (mis)information

« How to schedule experts in crowdsourcing
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Rest of the talk

Wisdom of crowds and wisdom of experts:

« We saw that in some cases the crowd cannot be
trusted

« For some problems experts are indispensable!
* But experts are scarce and expensive

« What can we do with (lots) of nonexperts?
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Online collaboration systems

Systems creating knowledge by massive online
collaboration:

« Tagging/geotagging systems:

« Games with a purpose:

« Content creation systems:

. Crowdsourcing: amazonmechanicalturk €% CrowdFlower

« Open source community: Q

« Polymath project:
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Online collaboration systems

Systems creating knowledge by massive online
collaboration:

« Tagging/geotagging systems:

« Games with a purpose:

« Content creation systems:

Crowdsourcing: amazonmechanical turk ¢ CrowdFlower

« Open source community:

« Polymath project:
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What Is crowdsourcing

Crowdsourcing: is the process of obtaining information by
using contributions from a large group of people.

There are tasks hard for computers but easy for humans (human tasks):

« Compare 2 photos (to select the best one that represents the
Colosseum)

- Translate a sentence
« Choose the best search result to a query s

Crowdsourcing platforms: Online services that allow, through
APIls, to get answers from humans at a low cost

» Amazon Mechanical Turk  amazonmechanical turk

 CrowdFlower C‘{E?
CrowdFlower
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Crowdsourcing — Amazon
Mechanical Turk

amazonmgchanlgal turk ,"- Your Account -.“. HITs Qualifications

Introduction | Dashboard | Status | Account Settings

Mechanical Turk is a marketplace for work.
We give businesses and developers access to an on-demand, scalable workforce.
Workers select from thousands of tasks and work whenever it’s convenient.

311,326 HITs available. View them now.

Make Money Get Results
by working on HITs from Mechanical Turk Workers

HITs - Human Intelligence Tasks - are individual tasks that you work
on. Find HITs now.

Ask workers to complete HITs - Human Intelligence Tasks - and get results
using Mechanical Turk. Register Now

As a Mechanical Turk Worker you: As a Mechanical Turk Requester you:

® Have access to a global, on-demand, 24 x 7 workforce

® Can work from home
® Getthousands of HITs completed in minutes

® Choose your own work hours
* Get paid);or doing good work ® Pay only when you're satisfied with the results

Find an Fund your Load your Get
interesting task account tasks results

© O

Find HITs Now Get Sta

or learn more about being a Worker
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Crowdsourcing — Amazon
Mechanical Turk

Requester

/a8

Human Intelligent
Tasks (HITs)

Workers
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Crowdsourcing — Amazon
Mechanical Tur

s

Amazon Mechanical Turk - All HITs - Mozilla Firefox

File Edit View Delicious Bookmarks Tools Help

B Amazon Mechanical Turk-... ¥ ERCRNRCADEGC L

& E E @ 2 www.mturk.com

"} COSMOTE Internet O... [E) Mechanical Turk vs o...

amazonmechanical turk

¥ Amazon Mechanical Turk - .. El Typical Mechanical Turk Tas... o

RS—— o 310,703 HITs
Your Account HITs Qualifications  ajjable now
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( Does this person look older in the second photo?

View a HIT in this group
Requester: Flashfoto Inc. HIT Expiration Date:  Aug 26, 2012 (23 hours 59 minutes) Reward: $0.02

Time Allotted: 3 minutes HITs Available: 1

Description: We've used age morphing software to age this photo. Does the person look significantly older? h

Keywords:  image, processing, opinions
Qualifications Required:
HIT approval rate (%) is greater than 90

(Cogy Text from Business Card

View a HIT in this group
Requester: Oscar Smith HIT Expiration Date: ~ Aug 25, 2012 (1 hour 59 minutes) Reward: $0.02

Time Allotted: 10 minutes HITs Available: 2

Description:

Please copy text from this business card into the text fields below
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Crowdsourcing — Amazon
Mechanical Turk

Py

Amazon Mechanical Turk - All HITs - Mozilla Firefox

File Edit View Delicious Bookmarks Tools Help
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ﬂTypicalMechanicalTurk Tas... Ll

310,703 HITs

Your Account HITs Qualifications  , ;ilable now

All HITs | HITs Available To You | HITs Assigned To You

0.00

Does this person look older in the second photo?

Requester: Flashfoto Inc. HIT Expiration Date:  Aug 26, 2012 (23 hours 59 minutes) Reward: $0.02
Time Allotted: 3 minutes HiTs Available: 1000

Description: We've used age morphing software to age this photo. Does the person look significantly older?

Description: We've used age morphing software to age this photo. Does the person look significantly older?

Kemords: image. grocessing. oginions
Qualifications Required:
HIT approval rate (%) is greater than 90

(Cogy Text from Business Card View a HIT in this group
Requester: Oscar Smith HIT Expiration Date: ~ Aug 25, 2012 (1 hour 59 minutes) Reward: $0.02

Time Allotted: 10 minutes HITs Available: 2

Description: Please copy text from this business card into the text fields below

nostopoulos The Wisdom of Crowds School for Advanced Sciences of L



Which photo has more dots?

A g

FIRST PICTURE SECOND PICTURE
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Which photo has more dots?

randon points randon points
T 1.00 T o T * T w *
i LR Tl o ¥ ooy o ¥ & a £ & v ae 5, L. oW LE Y%
L 3 ..“ . .‘-'- wh v e "Jl .:‘.' .t .‘. t\ s i ‘n. o .t '..l o, ", ! P :l'. . o‘."t
L ". . o . .t" L] “i R ' " i o T
B .- " e pee . : » e . .h .
. R L i . !"l at " “‘. . ..'. * 6.80 n"h‘. . 2 e . ‘.
“"" -...n: . ‘.t.- ..' . " ) . % .',l': '-‘_Q . .
. e u & ¢ €2 ov . PR T - .. Paw
: ‘e, W* ov %l e * . _‘t' ! o e oh o N .
. % ’ [ .
‘-. "n . l‘=‘ :“ . » 0.68 " % ‘: Z :; o-. -
L] ] . oy 4t . [ .
A . " : %% oo
o TN LT ] VS L
L] ] L] [] L] »
“ . " & ] ‘. s. L « Y ‘._ 9.40 | . n % L e ‘: t-'u. .“._
. : & P o3 . . o s . .
" - W wow et ‘% % i ? . ", “ LT *
e . .."-" o A ‘ " an . - .t i (] 4 .".._ o
. ® _‘ ., _‘n“g..:_..-:_,.“ l'-' 5 : .." ‘a‘ ‘.-.
e ' n . L N p "o L]
“ . :. 'R | :.o : . . '. . M '=. -' ¢ .: o 8.20 v -.' “' “‘ '.n = t::.“
. L . . B .
“ ' L . LY
o l' .u: ‘.‘. -'.‘. R "‘ =u“.: '!".‘ .!; . i % :,. -.‘:
p . ™ . .
n.l. & -' -' l‘ te L] d e i » * 0.00 . 1 L -‘ ™ '.' > ’u"
8.20 8.40 0.60 6.80 1.608 6.00 8.60 0.86 1,600

FIRST PICTURE SECOND PICTURE

Aris Anagnostopoulos The Wisdom of Crowds School for Advanced Sciences of Luchon, 2015



Accuracy vs. number of responses
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Which car is more expensive?

BMW of era_n(g Park

Sy e Sapene

U IO/ AIUSS. ... 8884760282

b

Saes: (866) 460-4545 www.BMWofOrlandPark.com Service: (800) 711-0602 pics by Zennonn.com

FIRST CAR SECOND CAR
- 2013 BMW 650 xDrive - - 2013 Mercedes-Benz SL550 -
body style: Coupe body style: Convertible
doors: 2 doors: 2
engine: 4.4L V8 32V GDI DOHC engine: 4.6L V8 32V GDI DOHC
Twin Turbo Twin Turbo
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Which car is more expensive?

BMW of erapté Park

Cajoy e Capene

U IO/ AIUSS. ... 8884760282

b

Sales: (866) 460-4545 www.BMWofOrlandPark.com Service: (800) 711-0602 pics‘bYZ‘éﬁmnn.com

FIRST CAR SECOND CAR
- 2013 BMW 650 xDrive - - 2013 Mercedes-Benz SL550 -
body style: Coupe body style: Convertible
doors: 2 doors: 2
engine: 4.4L V8 32V GDI DOHC engine: 4.6L V8 32V GDI DOHC
Twin Turbo Twin Turbo
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Which car Is more expensive?

Mﬂam 888.476.0282 THE+EXCHANGE

| -

-

FIRST CAR SECOND CAR
- 2013 Mercedes-Benz SL550 - - 2013 Audi S8 4.0T quattro -
body style: Convertible body style: Sedan
doors: 2 doors: 4
engine: 4.6L V8 32V GDI DOHC engine: 4.0L V8 32V GDI DOHC
Twin Turbo Twin Turbo
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Which car is more expensive?

oG UTOSIUSS....... 3884760282 THE+EXCHANGE 2y
VS.
FIRST CAR SECOND CAR
- 2013 Mercedes-Benz SL550 - - 2013 Audi S8 4.0T quattro -
body style: Convertible body style: Sedan
doors: 2 doors: 4
engine: 4.6L V8 32V GDI DOHC engine: 4.0L V8 32V GDI DOHC
Twin Turbo Twin Turbo
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Accuracy vs. number of responses

[relative distance], #questions [relative distance], #questions
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Modeling the error

 Consider a set of elements with different values

€g €7 €6 €5 1 €4 €3 € €1 |

o ® ® o : ® @ ® oi >
i< ....................... H ........................ )i
1

 Threshold error model:
* We present to a worker a pair (e;, e; )

— If |e; —ej| = 6@  worker returns correct answer

— If |e; —ej| <@  worker returns arbitrary answer

Note that if the difference is < 8 no matter how many workers
we ask, we cannot obtain a more accurate response
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Using expert workers

Usually workers are untrained

An expert is a more capable worker:
« May have been trained

* More scarce

* More expensive

Experts have started being offered by crowdsourcing systems
« “Masters,” “skilled,” ...

When should we use regular workers and when experts?

Think of ‘Who wants to be a millionaire”
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Modeling the error

 Consider a set of elements with different values

€g €7 €6 €5 1 €4 €3 € €1 |

o ® ® o : ® @ ® oi >
i< ....................... H ........................ )i
1

« Threshold model:
* We present to a worker a pair (e;, e; )

— If |e; —ej| = 6@  worker returns correct answer

— If |e; —ej| <@  worker returns arbitrary answer
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Modeling the error

 Consider a set of elements with different values

€g €7 €6 €5 1 €4 €3 € €1 |
® ® ® o : ® ® ® oi >
i< ....................... H ........................ )i
- Threshold model: < g

* We present to a worker a pair (e;, e; )
— If |e; —ej| = 6@  worker returns correct answer

— If |e; —ej| <@  worker returns arbitrary answer

Experts have a lower error threshold 6
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Simple task: compute the MAX

A model allows us to formalize and analyze the problem

« We provide an algorithm that finds an element as close to
the max as possible

« We prove that it makes as few expert comparisons as
possible

Feel free to ask for detalls after the talk.
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Experiments using the Crowd

Tested on Crowdsourcing platform
with 3 datasets: €2 CrowdFlower

1. n =50 pictures with DOTS
Goal: find more dots

2. n=50CARS
Goal: find most expensive

3. n=50 QUERY RESULTS
Goal: find most relevant result
for a given query

asymmetric tsp best approximation|

©
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Results

In all our 3 sets of experiments:

The combination of nonexpert and e
expert users finds the best results
with a low cost.

EIRST CAR SECOND CAR
- 2013 BMW 650 i xDrive - - 2013 Mercedes-Benz SL550 -
body style: Coupe body style: Convertible
doors: 2 doors: 2
engine: 4.4L V8 32V GDI DOHC engine: 4.6L V8 32V GDI DOHC
Twin Turbo Twin Turbo

Google

asymmetric tsp best approximation|

©

Google Search I'm Feeling Lucky
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Future directions

Understand better when we have wisdom or ignorance of
the crowds

Experiments in more controlled environments
Large-scale experiments (twitter)

Models

Algorithms

More detailed analysis of misinformation
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Thanks!

Questions, comments, etc.: http://aris.me
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