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I
A Brief History
of Crowd Computing




In the |9th-20th century
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VHEN COMPUTERS.

when combputers
were human




I'he Mathematical
Tables Project

450 human computers

[Grier 2007]



Hidden Figures
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Ranger 7, the first successful U.S. mission to the moon

source: JPL
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In the 2|st century
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Power of the Crowd

crowd as a computational process
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Count Craters

Clickworkers & Be a Martian




reCAPTCHA

[Luis von Ahn et al. Science, 2008]
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reCAPTCHA

-

This aged portion of society were distinguised frow
| A l l l

OCR reads as ‘niis aged pntkm at society were distinguished frow.”

[Luis von Ahn et al. Science, 2008]
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Machine Vision

Crowdcomputing and Citizen Science for Large-scale Experiments

| N

P —

-
-

® NEIL GAIKWAD S5
prhis e g & prh ¥

|3



0.1921569
0.2078431
0.2117647
0.2039216
0.1921569
0.1882353
0.1921569
0.2039216
0.2156863
0.2196078
0.2235294
0.2196078
0.2078431
0.2000000

Crowdcomputing and Citizen Science for Large-scale Experiments

O O O O O O O O O O O O O O

.1803922
.1921569
.1960784
.1921569
.1803922
.1725490
.1764706
.1882353
.2000000
.2039216
.2078431
.2039216
.1921569
.1843137

O O O O O O O O O O O O O O

.1529412
.1647059
.1686275
.1647059
.1529412
.1450980
.1490196
.1568627
.1686275
.1725490
.1725490
.1686275
.1568627
.1490196

O O O O O O O O O O O O O O

.1411765
.1568627
.1607843
.1568627
.1450980
.1372549
.1411765
.1450980
.1568627
.1607843
.1529412
.1490196
.1411765
.1333333

O O O O O O O O O O O O O O

.1529412
.1686275
.1725490
.1686275
.1568627
.1529412
.1529412
.1568627
.1686275
.1647059
.1450980
.1372549
.1372549
.1372549

O O O O O O O O O O O o O O

.1686275
.1843137
.1882353
.1882353
.1803922
.1764706
.1725490
.1764706
.1843137
.1803922
.1686275
.1647059
.1686275
.1725490

2100803
.2156863
.2117647
.2117647
.2078431
.2039216
.2078431
.2156863
.2235294
.2313725
.2352941
.2392157

O O O O O O O O O © o O

2
e f

PR RO

W Z3137T4ZD
.2392157
.2392157
.2392157
.2313725
.2274510
.2235294
.2352941
.2549020
.2666667
.2745098
.27450098

;i} |
il

:
]

§

|

A

za‘

-
b

Y e

© NEIL GAIKWAD

-

photography

|3



Games with Purpose

O O O O O O O O O O O o O O

.1921569
.2078431
.2117647
.2039216
.1921569
.1882353
.1921569
.2039216
.2156863
.2196078
.2235294
.2196078
.2078431
.2000000

Crowdcomputing and Citizen Science for Large-scale Experiments

o o0o0co0cocOocOoco0o0 o000 oo

.1803922
.1921569
.1960784
.1921569
.1803922
.1725490
.1764706
.1882353
.2000000
.2039216
.2078431
.2039216
.1921569
.1843137

O O O O O O O O O O O O O O

.1529412
.1647059
.1686275
.1647059
.1529412
.1450980
.1490196
.1568627
.1686275
.1725490
.1725490
.1686275
.1568627
.1490196

0.1411765
0.1568627
0.1607843
0.1568627
0.1450980
0.1372549
0.1411765
0.1450980
0.1568627
0.1607843
0.1529412
0.1490196
0.1411765
0.1333333

O O O O O O O O O O O O O O

.1529412
.1686275
.1725490
.1686275
.1568627
.1529412
.1529412
.1568627
.1686275
.1647059
.1450980
.1372549
.1372549
.1372549

O O O O O O O O O O O o O O

.1686275
.1843137
.1882353
.1882353
.1803922
.1764706
.1725490
.1764706
.1843137
.1803922
.1686275
.1647059
.1686275
.1725490

O O O O O O O O O O O O O O

.1882353
.2039216
.2156863
.2156863
2117647
.2117647
.2078431
.2039216
.2078431
.2156863
.2235294
.2313725
.2352941
.2392157

O O O O O O O O O O O O O O

2 .

‘i’: L

i

.2039216

.2196078
.2313725
.2392157
.2392157
.2392157
.2313725
.2274510
.2235294
.2352941
.2549020
.2666667
.2745098
.2745098

]

|

7

|

="

1
.

g

L PP

© NEIL GAIKWAD
Photog:aphy

[Von Ahn et al. CHI, 2004] 14



Games with Purpose
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Games with Purpose
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Games with Purpose
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Micro Tasks

low cognitive overload

|5

Crowdcomputing and Citizen Science for Large-scale Experiments img-source: wired



Metacognition

Creativity

Motivation

Incentives

Crowdcomputing and Citizen Science for Large-scale Experiments

Empathy

Social Learning

Intuitions

Collaboration

img-source:
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Macro Tasks

high cognitive overload
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Thinking at computational and
cognitive scale

delving deeper

Crowdcomputing and Citizen Science for Large-scale Experiments
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What can we accomplish if we harness

crowd and machine intelligence!

19



The Internet as our laboratory and

a crowd as collaborator

20



Research and Solve

the biggest unanswered questions

21



Exploring the life at the cellular level

22



Understanding RNAs

Crowdcomputing and Citizen Science for

Large-scale Experiments

Why RNA?

Dark matter of Biology

Key to understand life
at the cellular level

Manipulate RNAs to help
cure Parkinson’s disease

23



Discover the sequence

s

RNAs are string of

Nucleotide Base
=

\A,C,U,G

Hairpin RNA
Target Shape

e P QP C c P
e i A

e aROR®!

Nucleotide Sequence
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http://www.gaikwad.mit.edu

The power of games

‘.u e ) | kqh‘.‘;.‘

Every year millions of human hours are spent solving puzzles in games
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Games for democratizing science



t@oeterna

Make Molecules Advance Science
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RNA Nano Engineering
Over 100,000 users from more than 90 Countries

[Lee et al. PNAS, 2014]
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Pushing the Boundaries of Quantum Physics

29



Quantum Control Optima

Search for high
dimensional

complex challenges

30
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Science@Home

Crowdcomputing and Citizen Science for Large-scale Experiments
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Players

Highest education level graduated

Number of years (if any) of post-secondary education in physics

#

utREUEECe N EHEWLE [

Answer % Count

0 (I have only studied physics up to/fin high-school) 47.54% 29
one to three 24.59% 15
three to five 16.39% 10
more than 5 11.48% 7
Total 1 61

United States -

France ‘
Spain ;
Germany ‘
Romania
Austria

United Kingdom

Russian Federation

Switzerland
Italy
Iceland
Belgium
Netherlands
Sweden
Australia
Finland

Denmark



Democratizing research to increased
diversity in the scientific workforce

34



Scientific research remains the domain of the privileged few—
to those blessed with the socioeconomic opportunities

35



The man who knew o

Bruce C. Berndt

Ramanujan’s
Notebooks
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Srinivasa Ramanujan
[1887-1920]
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Stanford Crowd Research
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[Vaish et al. ACM UIST, 2017}
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& bAEMO [Gaikwad et al. ACM UIST, 2015 2016] oum s [oersune

\

DAEMO

Easier and more equitable crowdsourcing

(4)) Stanford University

Your results get better automatically.

Workers who you like will get first access to your tasks. As you give feedback, your favorite workers will do
more and more of your work.

Post Tasks Get Results Rate Workers Grant Early Access

Which Reddit thread will be Prediction of popular

' — A8 A
—— I T
— A & A

Crowdcomputing and Citizen Science for Large-scale Experiments



Researching Al ethics and
algorithmic biases at scale
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[Bon’nefon et al. Science, 20!6]
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Moral Machine

* Human subject data needed

on vast nhumber of
combinations of factors
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Moral Machine

e Minimalist and direct What should the self-driving car do?

r‘l‘!"« »‘!‘!‘~
=0
@ O

* Abstract intuitive interface
* Cross-platform

* Expressing creativity

* Holding mirror to subject

* Sharing results and scenarios

 Discussion and feedback

[vwwv.mora'macﬁine.mit.edu/]
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CASE
Let’s choose a problem

| do3syid



Crowdcomputing and Citizen Science for Large-scale Experiments

1
Crowd Mechanics

45



Crowd Mechanics

DYNAMICS & LOGISTICS

EXPERIMENT DESIGN & DATA SCIENCE

PLATFORM & INFRASTRUCTURE DESIGN

9A]OS 0) j3uem nok wajqo4d ayj 3noqe

SUOISSNDSI(] SN DAIIIeIdIU|
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Dynamics & Logistics

47



When to use the crowd!?

Reasonably well-defined problem
Size, diversity, impact, and time
Can give the crowd something of value

Scale and reach over selectivity and acquaintance

48



Making the Crowd

Recruitment and Retention

49



Recruitment

 Social Network

* Reputation
» [Stanford Crowd Research]

* Volunteer Science / Lab in the wild: Sharing Test-results on Facebook
» [Science at Home, EteRNA]

* “Let’s Play” and commentary videos by YouTube stars

» [Moral Machine] ®

Crowdcomputing and Citizen Science for Large-scale Experiments
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Recruitment

nature International weekly journal of scien ce

Home | News & Comment | Research | Careers & Jobs | Current Issue | Archive | Audio & Video

° P re s S chive > Volume 532 O Issue 7598 > News > Article
* A popular journal (Nature) + the associated press attention [

Human mind excels at quantum-physics computer

» [Science at Home] game

Revelation could have implications for how scientists approach quantum problems.

* A popular news paper coverage (e.g. New York Times) — -
cience
» [EteRNA, Moral Machine] woms [ 72 [ waaion s | ecmonoes | e | maaire | rours | v

* Challenge
* Build a quantum computer
* Help invent Medicine
* Do ethical thing
* Do research and become a scientist

SundayReview

Whose Life Should Your Car Save?

Gray Matter

51
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Retention & Incentive Engineering

Reputation

Competition Vanity

Gamification/Fun Purpose

Virtual Market

Motivations: Intrinsic, Extrinsic 52



Bonuses: Incentives and motivation

Periodic bonuses

lead contributor:
rewarding bonuses

admin:
rewarding bonuses

53



Organizing the Crowd

Community, Task Distribution, Recognition



Community

e Task Distributions

* Various paradigm (e.g., Parallel vs Sequential)
* Milestones and feedback

Bl View: >Top New Best Daily

Using EteRNA with High School Students?

Hello EteRNA community! | am a high school biology teacher and | just discovered
EteRNA after reading a WIRED article yesterday. | am entertaining the idea of using

d EteRNA with my Honors Biology students this upcoming school year. | will also be
teaching a college credit course for our STEM students in the summer of 2013 on
Human and Veterinary Medicine. Since one of our topics will be medical research | am
brainstorming ways | might incorporate EteRNA into that curriculum as well. | am
wondering if anyone in the community has any experience or ideas for using EteRNA
with high school students. Are there any age restrictions for registering? | know | will
need to develop clear expectations regarding content posted on forums and in the chat
window. One idea | had is to instigate a friendly competition by offering rewards to the
top three student scores.

# announcements -

£ announcements-discu...

WinterMilestone 1, Team:
Carpe Noctem

* Engagement Channels

* Asynchronous Communication: Forums, Emails, Wikipedia
* Synchronous Communication: Slack, Hangouts, Chats

N WinterMilestone 1 westcoastsfcr

N WinterMilestone 1 stormsurfer

People reading and writing on Slack

* Protocols

* Inclusive and constructive environment
9 9 9 . .
* Empathy —Volunteers’ (workers’) and requesters’ relationship —S-—

2rqelLL

* Remember that the crowd is comprised of people, not *“noisy
error-prone computers”

Crowdcomputing and Citizen Science for Large-scale Experiments
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Sneh
Me Roadmap Puzzle RNALab Community About EteRNA

Sneh (75,

Chat  Players Online (51)

reheart2001:
howiodocanonl;
gc pair and need gupalrs
[10:41 AM)

kenzlefae: try putti
pelranhempmdaau pgca!
the bottom then put the ug in
Iln'lenidumnq

t@oeternd

Make Molecules Advance Science

Process

LA 2 AR
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Sneh
Me Roadmap Puzzle RNALab Community About EteRNA

Sneh (75,

Chat  Players Online (51)

and |;gu pairs

kenzlefae: try putti
pelratmempmdaw pgca!
the bottom then put the ug in
the mid 10:43 am)

“@© ocaosBRO &8 erorong ..

°c@°e’rerna

Make Molecules Advance Science

Process

LA 2 AR
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Me Roadmap Puzzie RNALab Community About EteRNA gk Water Strider anen
Me Roadmap Puzzie RNALab Community About EteRNA
Sneh =
el ik ach )] Id Title Designer Description Sneh
A _________________________________________________________________________ Chat  Players Online (50)
as/chat_screens =5 ’. min search search search
1358012020 1001 ﬂ I I B B N R e
e b have = = T T T T T T U D T T T T T malnly éecause i mh:gg’;IkB
. how g,"'d '; o palorrs‘e ' ~ 544797 Barely works FormalRiceFarmer 0 0 No comment 50 dollars last night fr1:11 av
nom AM) ; / 536889 NUPACK design 06 NUPACK - - Normalized ensemble def¢ EpicShorts: [11:11 AM]
kenzlefae: try putti pﬂc 536887 NUPACK design 05 NUPACK - - Normalized ensemble defe kenzlefae: :D p1:11 AM)
g‘df at the ﬁg‘P and ﬂt?: : at 536886 NUPACK design 04 NUPACK - - Normalized ensemble defé EpicShorts: Oh rr1:12am o
e menputtheughn 535887 ViennaRNA design 04 ViennaRNA - - Designed by ViennaRNA ¢ e 80 WL yOur rankin
fireheart2001: | tried that and it 535885 ViennaRNA design 03 ViennaRNA - - Designed by ViennaRNA ¢ EplcShorts: 1251 r:i2am
worked! thanks 10:44 am) 535884 ViennaRNA design 02 ViennaRNA - - Designed by ViennaRNA ¢ kenzlefae: awesome :D im
kenzlefae: your welcome :D 535883 ViennaRNA design 01 ViennaRNA - - Designed by ViennaRNA & only in like the 6000 :D 11:13am
496857 leaner than sup... tmcannon 1 0 without the extras EplicShorts: Nice [11:16am
T 496331 Low GC Quasispecies 1 0 Clollin's Superbug #3 was. kenzlefae: sure i guess:D [11:17
496052 Mod of Starrys ... Eli Fisker 1 0 Swapped basepair the rigt A
496050 Mod of Wisdaves... Eli Fisker 1 0 Swapped two pairs in the . ]
496046 Mod of WS Brord Eli Fisker 2 0 Swapped three basepairs
495898 Simple mod of W... Brourd 2 0 First submission for roun..
495733 Another Take Rafael Gribeler Tschope 0 0 Took clollin’s solution a...
494795 unique sequence... edwintorok 1 0 GC 66%, AU 33% each lot 8votes
494791 varied edwintorok 1 0 GC 79%, AU pairs, no GU Ly =
494656 WS-1 nascarnut 0 0 First Try You have 3 solution siots left.
494501 mostly GC edwintorok 1 0 Modified from the ‘all GC..
494357 WaterStrider Test danitn 0 0 Plaiini with iarameters
P\ ¢ D —
b @ '@ Hitsortoptions  4x“Views
Ny | b 4 ~ j

‘tcaoefel’nd

Make Molecules Advance Science

Process

LA 2 AR
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Me Roadmap Puzzie RNALab Community About EteRNA gk Water Strider anen
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Sneh I
el ik ach )] Id Title Designer Votes My Votes Description Sneh
b Acc . e e e e e Chat  Players Online (50)
: e hatiscroens " i\‘ ‘ ’. min max search search min  max min max search hap
13583012020 1001 I I iy
ot ,_ : N I D N N NN G SE— :im aiways happy :D
MW do ca , o ; butmalnlybecauselmade like
. pair and need ';gu pairs 544797 Barely works FormalRiceFarmer 0 0 No comment 50 dollars last night p11:11 av
nom AM) / 536889 NUPACK design 06 NUPACK - - Normalized ensemble defe EpicShorts: [11:11 AM)
kenzlefae: try putti pgc \ - - 536887 NUPACK design 05 NUPACK - - Normalized ensemble defe kenzlefae: D p1:11 A
gf" at the ﬁg‘P and ﬂ&w‘e : at 536886 NUPACK design 04 NUPACK - - Normalized ensemble defé E&';sm il L
s o ! putthe ug in 535887 ViennaRNA design 04 ViennaRNA - - Designed by ViennaRNA z - thn !‘“’2 80 wuts your rankin
fireheart2001: i tried that and it 535885 ViennaRNA design 03 ViennaRNA - - Designed by ViennaRNA ¢ p[l‘eShA;“m 1251 g1z
worked! thanks [10:44 am 535884 ViennaRNA design 02 ViennaRNA - - Designed by ViennaRNA & kenzlefae: awesome :D im
kenzl : your 535883 ViennaRNA design 01 ViennaRNA - - Designed by ViennaRNA & only in |||qg the 6000 :D [11:13am
496857 leaner than sup... tmcannon 1 0 without the extras EplicShorts: Nice [11:16am
T 496331 Low GC Quasispecies 1 0 Clollin's Superbug #3 was. kenzlefae: sure i guess:D [11:17
496052 Mod of Starrys ... Eli Fisker 1 0 Swapped basepair the rigt A
496050 Mod of Wisdaves... Eli Fisker 1 0 Swapped two pairs in the . T
496046 Mod of WS Brord Eli Fisker 2 0 Swapped three basepairs
495898 Simple mod of W... Brourd 2 0 First submission for roun..
495733 Another Take Rafael Gribeler Tschope 0 0 Took clollin’s solution a...
494795 unique sequence... edwintorok 1 0 GC 66%, AU 33% each lot
494791 varied edwintorok 1 0 GC 79%, AU pairs, no GU T Bl
494656 WS-1 nascarnut 0 0 First Try You have 3 solution siots left.
494501 mostly GC edwintorok 1 0 Modified from the ‘all GC..
494357 WaterStrider Test danitn 0 0 Plaiini with iarameters

t@oetern

Make Molecules Advance Science

L20 L10 ARS B CEE DR E S B G H

LA 2 AR
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DScore -

x/100

200bp
180bp
160bp

140bp
120bp

80bp

60bp

40bp
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s Water Strider \lL
€
Total: i"“é Gl
6.85 keal 213 a3 e
O
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. 4

Sneh
Me Roadmap Puzzle RNALab Community About EteRNA

Sneh

Chat  Players Online (51)

1 1
fi

> how to do cal anmhaveone
gcpdrand gupalrs

[10:41 Alul

pair at 1he mdaau r at
mebotmmhenputtheug In
Ihenldnmml
fireheart2001:

O o -

Crowdcomputing and Citizen Science for Large-scale Experiments

45 €Y -

LAB ACCgb

SO

@oe’re nd

Make Molecules Advance Science

Process

494357 WaterStrider Test
49/ %

Playing with parameters

gk Water Strider
Id Title Designer Votes My Votes Description
min max search search min  max min max search
I S N B D D
544797 Barely works FormalRiceFarmer 0 0 No comment
536889 NUPACK design 06 NUPACK - - Normalized ensemble def¢
536887 NUPACK design 05 NUPACK - - Normalized ensemble def¢
536886 NUPACK design 04 NUPACK - - Normalized ensemble def¢
535887 ViennaRNA design 04 ViennaRNA - - Designed by ViennaRNA &
535885 ViennaRNA design 03 ViennaRNA - - Designed by ViennaRNA &
535884 ViennaRNA design 02 ViennaRNA - - Designed by ViennaRNA &
535883 ViennaRNA design 01 ViennaRNA - - Designed by ViennaRNA &
496857 leaner than sup... tmcannon 1 0 without the extras
496331 Low GC Quasispecies 1 0 Clollin's Superbug #3 was.
496052 Mod of Starrys ... Eli Fisker 1 0 Swapped basepair the rigt
496050 Mod of Wisdaves... Eli Fisker 1 0 Swapped two pairs in the .
496046 Mod of WS Brord Eli Fisker 2 0 Swapped three basepairs
495898 Simple mod of W... Brourd 2 0 First submission for roun..
495733 Another Take Rafael Gribeler Tschope 0 0 Took clollin’s solution a...
494795 unique sequence... edwintorok 1 0 GC 66%, AU 33% each lo
494791 varied edwintorok 1 0 GC 79%, AU pairs, no GU
494656 WS-1 nascarnut 0 0 First Try
494501 mostly GC edwintorok 1 0 Modified from the ‘all GC..

0 0

Sneh
Chat  Players Online (50)

pr? [t 10»41

malnly beeause i mlm

50 dollars last night f11:11 am
EpicShorts: [11:11 AM]
kenziefae: D p1:11 aM

EpicShorts: Oh 11:12am
kenzlefae: so wuts your rankin
D p11:122m

EpicShorts: 1251 11:12am
kenzlefae: awesome :D im
only in like the 6000 :D [11:13am
EpicShorts: Nice 11:16 am
kenzlefae: sure i guess:D [11:17
AM]

You have 8 votes left.
You have 3 solution slots left.

DScore
x/100

L20 L10

200bp
180bp
160bp

140bp
120bp

100bp
80bp

60bp

40bp

A
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Recognition

* Admins cannot have a full picture of who is doing what
* Most of the voting rules are confusing and can be gamed

* Voluntary projects—
how to spot HUBS in a large network and empower them

57



Nodes in Credit Distribution

2
(1.4.0.2.2, ...}




Links in Credit Distribution
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{10 ,20 , 00 ,40, 00 , ....... ., 30)



Network of Credit Distribution
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(2. 4. 8.4 .2, ... LA
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Author ranks via page rank

Crowdcomputing and Ci
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¢ doysyd

CASE
The Problem and Crowd Dynamics

Recruitment Size, Diversity, Goal/Task

Recognition, Retention, Motivations

Community & Organization

62



Experiments and Data Science




Data collection

e How to account for Noise

* Crowd participants are heterogeneous

» Long tail of contributions and commitment
» Cultural biases and language barriers
» Diverse range of expertise

e Data

* One optimal or “best” solution [Quantum Moves]

* Hypothesis to discover molecules [EteRNA]

* Aggregation of data from many individuals [Moral Machine]
* Scientific interactions [Crowd Research]

Crowdcomputing and Citizen Science for Large-scale Experiments
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Data collection

* Barrier to Entry

* Registration/forms
* Extra tutorials, milestones
* Unfamiliar tools or technologies

* Quality Control

* Organic— crowd filters out bad designs or submissions

* Capture— Logs, IP, and device IDs (time to action, cursor movement, intermediate
activity) to detect and either block or later filter out unthinking click-throughs,
spam, or sabotage

Crowdcomputing and Citizen Science for Large-scale Experiments
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Moral Machine - data expansion

* Internationalization (10 languages)

* Addition of post-quiz user survey

Would you like to help us better understand your judgement?

66
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Moral Machine - data collection




Sabotage activity logs

Puzzle 4 cumulative progress

cumulative progress

[Stefanovitch et al. EP] Data Science, 2014] DARPA Shredder Challenge

“For my first attack, [...]
moving all the pieces into a single pile.

[...] However, it seems all you did was lock the pieces together and ban my IP address.”

68
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[Stefanovitch et al. EPJ Data Science, 2014]


Sabotage activity logs

“Which led me to my second attack, using a VPN and a neighbors wireless for
some new IP addresses

[..]

select all the pieces and place them on top of each other, but this got old soon.”

69



Sabotage activity logs

“Which led me to my second attack, using a VPN and a neighbors wireless for
some new IP addresses

[..]

select all the pieces and place them on top of each other, but this got old soon.”

"So | decided to get a bit more sneaky

[...]
| selected a number of pieces, enough to make solving the puzzle difficult
and not so much that people would immediately nofice,

[...]
moved them off the top of the virtual table”
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Building vs policing

Puzzle 3 Puzzle 4 before attacks

total moves

@
o
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1 1
e« 1e+(3 e+05
Both attackers and M S o) total time (s)
responders move fast Puzzle 4 during attacks Puzzle 4 after attacks

. o
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L
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total movas
total] moves

' ' ' '
1e<01 1e+(3 1e+05 e+« 1e+03
total time (s) total time (s)

Crowdcomputing and Citizen Science for Large-scale Experiments

dot = | user, Red = attacker

Users slowed down
after attack
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Analysis

* Plan out data analysis beforehand

* Think about how you will collect your data.VVhat data do you

need

* “Let’s collect ALL the data (because we don’t know what we will need later)” is a
bad strategy

* How will you deal with attrition and dropout, partially

observed data!’
* |s attrition correlated with experimental treatments!?

Crowdcomputing and Citizen Science for Large-scale Experiments
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Analysis

* What analyses will you run if you had your data!’
* Do a dry run before going and collecting all the data

* The best way to find out what people are thinking/doing: ask

them!
* Quadlitative complements Quantitative

72



Activity Scheduling [time, day]

CHI paper hourly activity of community

l I CHI paper activity of community

Saturday =

Number of Edits

EditFrequency

§ Thursday -~

Wednesday -

Crowd Research

Crowdcomputing and Citizen Science for Large-scale Experiments



Community Formation

UX research

Crowdcomputing and Citizen Science for Large-scale Experiments

friends who speak similar
languages
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Characteristics of leaders
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New Batch - PageRank scores: Il

® ¢ ¢ 00 L B R BN BN B R N 2N 2 R N N

o
.

o)
=
k™

c

©

S
=
T

O

—
O

o
-

DS

Crowdcomputing and Citizen Science for Large-scale Experiments

75



CASE
The Problem and Data Science

Barriers to Entry & Task Logistics

Data Collection

Measurements, Hypotheses, Analysis

¢ doysyd
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Platform and Infrastructure
Design




No Infrastructure

Alice wins $750
Bob wins $500
Carol wins $1,000
Dave wins $2,000

Waterfront Park
Portland, OR
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[Pickard et al. Science, 2011]


Game Mechanics & Engineering

Sneh
Me Roadmap Puzzle RNALab Community About EteRNA
Score:
sael (B Score Screen
Chat  Players Online (51) .
= ) Data transmitted: DDD 1 DDD
W Fidelity: 0.7b1
FsNea901= arvone know ‘ Time remaining: 10:09

A (Elivdaain) (stentiouss)
kenzlefae: try putting the '

pair at the top and a au pair at

the bottom then put the ug in

the mid 10:43 am)
1: i tried that and it

ao:kadlmamnmm L . —ID bakwards
e 09 in to S B07
—— Save your ] ] Fnnitest

score LL5 848

lll:_, You

bEb3-7b1

-IB RunekK

L07-.534

rll_} Jonathan Satchell
558.38

New High Score

Iterative Development— Prototype, pilot quickly, and fail fast

Crowdcomputing and Citizen Science for Large-scale Experiments



About

Browse

Design

Ineering

Home

[www.moralmachine.mit.edu/]

MORAL
MACHINE

$@

Web Eng

Crowdcomputing and Citizen Science for Large-scale Experiments



Moral Machine - Scaling Up

* Demo run and press-only release
* Initial launch at small scale on cloud server
* Optimization and caching for growing audience

* Shift to scalable pay-by-usage services

A

July 2016 October 2016 April 2017 July 2017

Crowdcomputing and Citizen Science for Large-scale Experiments



CASE
The Problem and Platform Design

Design Thinking & Human Factors

Logistics
(e.g., Open Sourced/ Closed Sourced)

System Engineering

$ dojsiid
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Crowdcomputing and Citizen Science for Large-scale Experiments

|l
Insights
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At the end of crowd projects we typically
show a nice bundled-up presentation,
which looks like everything went smoothly
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Crowdcomputing and Citizen Science for Large-scale Experiments

It didn’t!
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Murphy’s law

think of as much as you can beforehand,
but don’t be surprised if something goes wrong

86



Here are some of our stories
showing mistakes and recovery

87



Launch of Long-run
Prisoner's Dilemma Experiment



Long-run PD experiment

e |ncentives: financial, via MTurk
e Retention: combination of social and financial incentives

* Would people come back each day!?
* We didn’t know

89



Our experiment

anonymous
partners

&
&

Artificial Artificial Intelligence

Round 1

amazon mechanicalturk™

Crowdcomputing and Citizen Science for Large-scale Experiments

Round 10

Cooperate

Defect
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Our experiment

anonymous
partners

&
&

Artificial Artificial Intelligence

Round 1
N

amazon mechanicalturk™

Crowdcomputing and Citizen Science for Large-scale Experiments

Game

Round 10
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Random rematching across games
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Random rematching across games
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Random rematching across games
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One experiment session — 20 games
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L ogistics

* 20 days

* 20 games per day

* |0 rounds per game

* |13 players to start, 94 completed after attrition

* 375,000 decisions: ~20 times longer than previous experiments

itizen Science for Large-scale Experiments



Launch of long-run PD experiment

e Social incentives

* Expectation of month-long experiment
* Daily reminders of commitment

 Financial incentives

* Players kicked out for missing more than two days
* Daily cash payments proportional to payoffs
* Lump sum bonus for completion

Crowdcomputing and Citizen Science for Large-scale Experiments
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¥
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Past Prisoner’'s Dilemma Experiments .
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Strategic Behavior in the
Stanford Crowd Research




Crowd Dynamics
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Strategic behavior

N = - . = .

Friends /

-------------1
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Fairness via page rank
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Alice Remote Control
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Challenges

* Unprecedented experimental setup leads to unprecedented
problems

* Social science investigations were dependent on having a team online simultaneously
* Recruitment, team allocation, waiting room?
* Data backlog

e Gamification matters

Alice Challenge X Quit < Logout 4 Audio (D Tips Top Scores

SystematicCha

Latest
cedric 332.1
SystematicCha
SystematicCha
SystematicCha
SystematicCha
cedric
cedric
G maoNET @ systematiccha
lllllllllllllllllllllllllllllll (x) (D
sl LASER
s LASER D UNDO (= ¢ SHU ) COPY BEST ESET UBMIT DE ALL ) REFRESH
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Discussion

106
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Crowd = Richer Research at Scale

Complexity, Realism
Realistic vs Abstract

More precise instrumentation
The Internet as a lab

L4
' Duration, Participation

"« 2’ Physical Labs
\ Longer period of time

Fewer resource constraints
Size, Scale

More Samples

Large Social Interactions 107
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Crowd is synergistic

Logistical Challenges

Technical Challenges

|08
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Make use of the long tail

Scientists, Experts

Contribution Level

------
I Il N S B =

Lab experiments
109

7 of Participants
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Tradeoffs in increasing size

o0 O AE g 3 < N S
o s e o e a8
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Sample Size
Measurement Variance

Lab Lab Crowd *
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Non-traditional impact

112
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Democratize research

Stanford Crowd Research

113



Science at the global scale

EteRNA, Science Home—Quantum Moves




Rethink about Al and society

Moral Machine
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Announcement

Sign In Get Started

\

O

DAEMO
Easier and more equitable crowdsourcing

tanford University

Your results get better automatically.

Workers who you like will get first access to your tasks. As you give feedback, your favorite workers will do
more and more of your work.

Post Tasks Get Results Rate Workers Grant Early Access
Which Reddit thread will be Prediction of popular
most popular? Reddit threads & & i & & i
—
= == 422 c2A4A
EEEE 2AR AR A

Daemo is live!

send an email to gaikwad@mit.edu or daemo@stanford.edu
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Announcement

Apply for the Adventurous Science Fellowship ($150,000)

https://lwww.media.mit.edul/scifellows/
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