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This course so far...

XML

XSLT

JSON




Today we add one more dimension....

XSLT

JSON




We talk about...

* Problems that are hard for Al algorithms
* How Human Computation can help

* Human Computation examples
— reCAPTCHA
— ESP Game
— Crowdsourcing marketplaces (amazon Mechanical Turk)
— Citizen Science projects (Galaxy Zoo, eBird)

...and play some games.



(".) Human Computation: Core

C ff  © www.humancomputation.com/Tutorial.html

The 3rd Human Computation Workshop (HCOMP 2011)

Welcome About the Workshop Program Tutorial Previous Workshops

Human Computation: Core Research Questions and State of the Art

There will also be a 4-hour tutorial, given by Luis von Ahn and Edith Law, at AAAl on August 7 (2:00 PM - 6:00 PM)
which will give newcomers and current researchers a bird's eye view of the research landscape of human
computation. The tutorial will be based on materials from a new book called “Human Computation” (published by
Morgan & Claypool Synthesis Lectures on Artificial Intelligence and Machine Learning), which will be distributed
to all tutorial attendees. Click here to register for the tutorial.

Download the slides for Part 1 and Part 2 of the tutorial. In addition, if your institution has subscription to the series,
you can download the book here. Here is a rough description of what will be covered in the tutorial.

Introduction
Computation: Now and Then
What is Human Computation
Tackling Al Problems: From Vision to Biology
Tutorial Overview

Human Computation Algorithms
A Definition of Algorithms
Building Blocks of Algorithms (operations, controls, program synthesis)
Programming Frameworks
Evaluating Human Computation Algorithms (correctness, efficiency)

Aggregating Outputs
Objective versus Cultural Truth
Classification (latent class models, learning from imperfect data)
Beyond Classification (ranking/voting, clustering, structured outputs, beliefs)

Task Routing
Push versus Pull Approaches
Push Approach (allocation, matching, inference)
Pull Approach (search and visualization, task recommendation, peer routing)

Understanding Workers and Requestors

Lliioo oo M omao bodi RAc o odo fo il o feoioo oo oiuib oo coocoo coaa oo

i A

N

L\{L\& MORGAN &CLAYPOOL PUBLISHERS

Human Computation

Edith Law
Luis von Ahn

SYNTHESIS LECTURES ON ARTIFIC
INTELLIGENCE AND MACHINE LEARNING

Ronald J. Brachman, William Cohen, and Thomas G. Dietterich, S




ARTIFICIAL INTELLIGENCE (Al)
PROBLEMS



The Breckinridge and Lane Democrats, having
taken courage at the recent eastern advices, are or-
eanizing energetically for the campaizn. Several
prominent Pemocrais wno a' first favored Dovaras,
are coming out for the other side, apparently
under the p:essure of Federal influence, An
acdress to the Nazational Democracy of Cal-
ifornia, urging the party to support DBeeczix-
BIpGx, has recently been published, which mani-
festly bss strengthened that side of the question.
Itis signed by 65 Democrats, many of whom occupy
respectab e and prominent positions in the party, 22
of them are Federal office-holders, eight more are
recipients of Federal patronage, and the others re-
present & mass of politiclans giving the dacument
most weight, The Dcouglas Democratsare algo active
The Irish aud German vote will mostly go wi:h thst
branch of the pariy, but it is difficult t» estimate
which wiang is the stronger. Thus far 17 Democratic
newspapers have declared for Dotcras, 13 fur Bagck-
INBIDGE, and 9 remain non-committal, with even
chances of going either way, Under these circum-
stances the Republicaps entertain not urjustifiable
hopes that the Democratic divisious m2y be so equzl-
Iy balanced as to give the Stute to LixcoLy. Same
very respectgble Bell and Everett meetings have
been held in different parts of the State, bat thus far
that party does not exhibit much rank asad #le

strergth,

The New-York State Yacht Sguadron. on its
annual eruise (o Newport, came into the Larbor yes-
terday afternoon, ‘T'he tollowing are ti.e names ot the
boats that came to anchor here: Jessie, Geraldine,
Evelin, Aoande, Mapnering, Jelwa, Bonita, Magiv, Wid-
weon, Ramler, Flonp-ldv-Las, Henratta, Sca-Deft and
Marte, with the greamer America 2as a tender, On
anchoring, cach boat tired a gun, according to custom,
The reports were heard distinedy in the ¢ity, causing
considerable ingniry as to > what was np," and qunite
a number of sangnine individuals came into our otlice
to inquire it the guns were uot annunciatory  signals
of the suceessinl layving of the Atlantie Cablde,  Wean-
variably replicd in the npegative, The squadron will
leave to-day tor Newport,  The yachts Wasionglon anud
at:der, of this city, start with it, with partics of New-
Haven peaple.

http://www.google.com/recaptcha/digitizing
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Artificial Intelligence (Al) Problems

* There are many problems that are

— easy to solve for humans

— but difficult for even the most sophisticated
computer algorithms



Artificial Intelligence (Al) Problems

* For certain problems no Al algorithm can
exceed human performance

— perceptual tasks (object recognition, music
classification)

— natural language analysis (sentiment analysis,
language translation)

— cognitive tasks (planning and reasoning)



HUMAN COMPUTATION



What is Human Computation?

 Computation =the process of mapping input
to output using an explicit, finite set of
instructions (algorithm)

* Human Computation = computation carried
out by a human



EXAMPLES - RECAPTCHA



CAPTCHA

,.
tolloVing  foding.
o CA PTC H AS http://en.wikipedia.org/wiki/File:Modern-captcha.jpg

— prevent automated programs from abusing online
services (buy one million tickets online)

— prove that you are a human and not a computer

e >200 M CAPTACHAs are solved per day

— each taking approx. 10 seconds of human effort
— 500.000 hours per day in total



reCAPTACHA

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

* Books written before the computer age are
currently being digitized using OCR
— Google Books
— Internet Archive

* |n older prints approx. 30% of words cannot
be recognhized by OCR



The Norwich line steamboat train, from New-
London for Boston, this
ven miles north of New-Lo

reCAPTCHA  morhine

)
o {{ ReCAPTCHA
2]

* Old printed material is being transcribed
word by people typing CATPCHASs on the

Web

* Displays words from scanned texts that
OCR could not decipher



The Norwich line steamboat train, from New-
London for Boston, this ran off the track
miles north of New-Lon

reCAPTCHA  noii

* 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

* |f the user correctly types the control word the
system assumes that

— they are human

— gains confidence that the unknown word is typed
correctly



reCAPTCHA

e 750 million people (10 % of humanity) have helped
digitized at least one word

* Current transcription rate / day: > 160 books

* Experiment with 50 scanned NY Times Articles
— Standard OCR accuracy: 83.5 %
— reCAPTCHA accuracy: 99.1 % (216 errors)

— professional manual transcription: 189 errors




OCR Transcription

The Hreckinridge' and Lane Democrats, having taken courage at
the recent eastern advises, are [ooooooxx] energetically for the
campaign: Several prominent Democrats who at first favored
Donolea, are coming out. for the other aide, apparently under
the [oooooo] of Federal oooooooa]. An address to the National
Democracy of [1ifornia, urging the party to support
HaeeslipsiDas, has recently been published, which manifestly
bss strengthened that aide of the oooooosd: It is signed by 65
Democrats, many of whom occupy respectab e and prominent
positions in the party, 22 of them are Federal office-holders,
poooa] more are recipients of Federal patronage, and the others
represent a mass of politicians giving the document o]
pooooa] mTheDeuBlas Democrats are also active The Irish and
German vote will mostly go with the# branch of the party, but itis
pocooooo] to Pooooon] poooa] oo] [xx] the stronger. Thus far
17 IT newspapers have declared for DonGres, 13 for Base$-
laalDGS and 9 remain non-committal, with even chances of
going either way. Under these circumstances the Republicans
entertain not unjustifiable hopes that the Democratic divisions
may be so equal,- ly balanced as to give the State [xx] LIaCOLV.
Same very ooooodk] Bell and Everett meetings have been held
in different parts of the State, bat thus far that party does not
exhibit much rank sad ale air en.

reCAPTCHA Transcription

The Breckinridge and Lane Democrats, having taken courage at
the recent eastern advices, are organizing energetically for the
campaign. Several prominent Democrats who at first favored
Douglas, are coming out for the other side, apparently under the
pressure of Federal influence. An address to the National
Democracy of California, urging the party to support
Breckinridge has recently been published, which manifestly has
strengthened that side of the question. It is signed by 65
Democrats, many of whom occupy respectable and prominent
positions in the party, 22 of them are Federal office-holders,
eight more are recipients of Federal patronage, and the others
represent a mass of politicians giving the document most weight.
The Douglas Democrats are also active The Irish and German
vote will mostly go with that branch of the party, but it is difficult to
estimate which wing is the stronger. Thus far 17 Democratic
newspapers have declared for Douglas, 13 for Breckinridge and
9 remain non-committal, with even chances of going either way.
Under these circumstances the Republicans entertain not
unjustifiable hopes that the Democratic divisions may be so
equally balanced as to give the State to Lincoln. Some very
respectable Bell and Everett meetings have been held in
different parts of the State, but thus far that party does not exhibit
much rank and file strength.

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




EXAMPLES - ESP GAME



ESP Game - Motivation

* Images on the Web present a major technical challenge
— millions of them are available

— textual descriptions are rare
— computer vision techniques are not accurate enough

* The only method for obtaining precise image
descriptions is manual labeling

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



ESP Game - Motivation

* [tis estimated 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 - Motivation

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-
time job 40 hour per week

Games With A Purpose (GWAP) channel
this effort toward solving computational
problems and training Al 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

11.1.4.1 System Description
o Partners are randomly assigned from among all people playing the game
o The goal of the ESP game is to guess what their partner is typing for each image

o Once both players have typed the same string ("agreed on an image”), they move
on to the next image

Fig. 11-1: Partners agreeing on an image. Neither of them can see the other’s guesses.
o Partners get (bonus) points if they agree on an image

o Agreed-upon strings are typically good labels for the image

2 Prof. Dr. Wolfgang Klas und Dr. Bernhard Haslhofer, WS 2010/11 - Multimediale Systeme 2
11 Human-Based Compurtation & Social Search



ESP Game - Output Accuracy

* For one input (image) there can be multiple
outputs (tags)

e 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 Considerations

* GWAPs implement casual games
— low entry barrier (e.g., easy online access)
— few simple controls, extremely easy to learn
— non-pushing (multiple scoring opportunities)

— canh be consumed within short periods of time;
5-20 min during work (breaks)

— inclusive, gender-neutral, little violent content

* Human Computation games must also be fun



Existing Human Computation Games

Game

The ESP Game [134]

Peckaboom [337)

Verbosny [ 3 \'.“:]

TagATune [190])

Foldlt [ 69]

Herdlt [24]

Categonilla [329]

MoodSwings [174]

Phrase Detective [57)

Phvio [255]

Table 6.1: Survey of human computation games.

l.’cunl':u;vn

two playess march on a vag for the same
Image

player 1 reveaks pasts of the image sso-
ciated with a secret word, player 2 must
goess the secret woed

player 1 describes the peoperties of the
entity associated with a secret word,

player 2 must gaess the secret woad

two players exchange tags and determane
if oo msusec clips age the same o diffes-
ene

players fold protein structures to mani-
mize total energ)y

players select tags that describe the music

players name an entaty thae fies 2 templace
(> ,T.'nn;gs that ﬂy‘!
players chck on a 2-dimensonal gnd to
indecare the valence and intensity of the
mood of 2 masc clip

players sdentify relatonships between
words and phrases in a short pece of rext

players align colored blocks by moving
them horzoatally and inserming paps

."lf\ ll.‘ll‘. an

oulpat-arrecment

fusclics Coenpulaton
{problem inversion)

fss Tuoes Coapulalon
{problem inversion)

function computation
{=put agrecment)

function computation
{optimazanoa)
outpeat-agreement

outpat-agreement

outpat-agreement

outpat-agreement

outpeat-agreement

Al Problem

object recogminuoe

object locarson

knowledge extraction

marac <lasahcation

protein fokding

maac clasahcation

natural language pro-

LCoanp

e mood dassahoa-
DN

natural language pro-
Cossmg

genome alignment




CROWDSOURCING MARKET PLACES
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“— C N B8 https://www.mturk.com/mturk/welcome v | dg A
Already have an account?

amazonmechanlcal turk % \ Sign n o3 8 Worker | Requaster
Artificial Artificial Intelligence I Your Account ‘ HITs Qualifications RN — e

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.

185,774 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 Ask workers to complete HITs - Human Intelligence Tasks - and
get results using Mechanical Turk. Register Now

you work on. Find HITs now.

As a Mechanical Turk Requester you:

e Have access to a global, on-demand, 24 x 7 workforce
e Get thousands of HITs completed in minutes

As a Mechanical Turk Worker you:

e Can work from home

e Choose your own work hours . v )
 Get paid for doing good work ¢ Pay only when you're satisfied with the results
Find an Work Earn Fund your Load your
interesting task money account

©®0

learn more about being a Worker

or

FAQ | Contact Us | Careers at Amazon | Developers | Press | Policies | Blog
©2005-2011 Amazon.com, Inc. or its Affiliates

An amazoncom. company

Vi



Mechanical Turk
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Amazon Mechanical Turk

* A platform 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

— classification (images, music, documents, ...)
— transcription

— creation of original content (reviews, stories, blog
posts)

Can be created programmatically (API)



AMT Workers Demographics

* Survey 2010/ 1000 Workers

* From 60 countries, with majority (~¥80%) from the US
and India

» Workers characteristics
— 2:1 female/male ratio in the US (reverse in India)

— on average younger and lower income than general
population

— secondary (US) versus primary (India) source of income

— tend to have higher education



EXAMPLES - CITIZEN SCIENCE



What is Citizen Science?

* Science is data-intensive
— climate patterns
— species distributions
— trajectories of stars

* Tedious, time-consuming, and sometimes
impossible for a few scientists

* |dea: engage non-scientists in the collection
and interpretation 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



fl Galaxy Zoo

www.galaxyzoo.org/#/classify

Annotatelt CALIXTO ON CHRO

Classify

SHAPE
Is the galaxy simply smooth and rounded, with no sign of a disk?

e K

Smooth Features or disk Star or artifact



Galaxy Zoo - Facts

* Largest astronomical collaboration in history
— 200,000 participants from 113 countries
— > 100 M classifications of galaxies

e Resulted
— in new discoveries

— in an expanded project
https://www.zooniverse.org/




Time to classify some galaxies....

http://www.galaxyzoo.org/




Galaxy Zoo - Data Collection

e Some users made > 100,000 classifications,
most only around 30

* Bogus data

— occur if users have browser problems or someone
actively cheats

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

* Classifications are weighted



€ eBird News and Features —

&~ C ft © ebird.org/content/ebird/

Home |l About eBird | Submit Observations | View and Explore Data | My eBird —l

Sign In | Reqister as a New User Translate to: Enalish | Espanol | Francais

o Support eBird
Welcome to eBird SEE——
eBird is as birder does! | 7‘ Donate Now

eBird News and Features

eBirder of the Month -- Mary Gustafson TheCornellLab
November 12, 2011 of Ornithology

The Rio Grande Valley Birding Festival is taking place
this weekend, which means that our current
November eBirder of the Month will be buzzing around
Harlingen corralling teams of leaders, making sure
field trips get off on time, and generally making sure
that the 2011 festival comes off as another huge
success. Sadly, all this means that Mary won't be
getting out in the field as much as she would like. So
it seems like an appropriate time to recognize her not
only for her hard work as field trip chair for this
festival, but also for her unflagging commitment to
eBird, both as a user and a reviewer. Moreover, Mary
has solidified the Rio Grande Valley Birding festival's
commitment to eBird by ensuring that all field trip
data are entered into the system, and that all festival
participants become aware of the project. This adds up to hundreds of new eBirders
each year thanks to this festival! Thanks Mary, and be sure to get out (e)Birding again
when things settle down on Monday!

“Audubon

eBird Rarity Photos
Pool

Possible hybrid Harlan’s Red-tailed Hawk x Rough-legged Hawk in Kansas
November 07, 2011

In North America, Red-tailed and Rough-legged Hawks _

e



eBird

* Engages a global network of bird watchers to
report their bird observations to a centralized

database
* Anyone, anywhere, anytime
50,000 individuals from > 200 countries

— volunteered > 4 million hours
— collected > 70 million bird observations
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