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Information spread in social media

Networks amplify the spread of information online ...
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Information spread in social media

... sometimes spilling over into the real world activity

Unexpected Electric Daisy Carnival crowd may have

been drawn by DJ's tweets
July 27, 2011 | 9:28 pm
B AL~ B Comments | 58 g+ 11 ¥ Tweat | 63 <:

How does information spread?
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Information spread as social contagion

Standard model of social contagion: A meme behaves
like a virus, with each exposure of a naive individual
by an informed friend potentially resulting in an
‘infection” (meme transmission)

@ infected
() exposed
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Information spread as social contagion

Standard model of social contagion: A meme behaves
like a virus, with each exposure of a naive individual
by an informed friend potentially resulting in an
‘infection” (meme transmission)

outbreak size: number

@ infected of ‘infected’ people

() exposed
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How large are outbreaks?: Model

Standard model of contagion (independent cascade model)
predicts outbreak size for given meme transmissibility
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How large are outbreaks?: Data

Number of connected users who share (retweet or vote for) URL

Digg Twitter
100 L 3.5K URLs - 0% 70K URLs
o e 258K users: e 700K users
E . 1.7M edges E 36M edges
8 .ot ‘,\‘ 8
10 R )
100 , , - 1 o e anem
10° 10’ 10°  10° 10° %0° 10’ 10° 10° 10"
cascade size cascade size
- Most outbreaks are small, and even largest ones reach only a

small fraction of people. Why?
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Mechanics of social contagion

User must see a meme and find it interesting before he/she
can be ‘infected’

See? :> Interesting? :> Infected
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Mechanics of social contagion

User must see a meme and find it interesting before he/she
can be ‘infected’

See? :> Interesting? :> Infected

Cognitive Content e.g., retweet
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Cognitive factors: Social influence
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Cognitive factors: Position bias

People pay more attention to items at the top of the
screen or a list of items

PRESIDENT AND VICE PRESIDENT
OF THE UNITED STATES
Vote for One

) Barack Obama Democratic
ilinols
And

Joe Biden
Delaware
) John McCain Republican
Arizona

And
Sarah Palin
Alaska
() Cynthia McKinney Green
Caltfomia
And

Rosa Clemente
MNorth Carolina
() Bob Barr Libertarian
Goeorgia
And
Wayne A. Root
Nevada

) Ralph Nader Independent
Connactleut
Matt Gonzalez
Califormia
() Chuck Baldwin Constitution

Florida

And
Darrell L. Castle
Tennessoo

[

Home Inspection nightmares
£t ] NG ETIAE Rpae iT i foam of Pase Fanifi

hame Inprvenems

Write-in

[Payne, The Art of Asking
Questions (1951) ]

[Buscher et al, CHI’09] [Counts & Fisher ICWSM’11]

... limits how far down the page a user navigates
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Interface factors: Visibility

new post at top of
user’s screen

position

post near the top is _
highly visible:
user is likely to see it

08
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Interface factors: Visibility

... some time later: prob. to view post
newer posts appear at T
the top
c =)
ke
x
: . %
post is less visible: . 2 Q
takes more effort to find; =
i ) : — +
user is less likely to see it - %E"e_i,
Qg 7 o So it e o s st e D e
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Y
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Users retweet a meme when it is visible

Retweet probability vs time since exposure by a friend

Twitter Digg
10 ~ ‘ 102, . :
RN == 115 : ~1to 10 friends]| |

o |71to10 friends 10° ~——10t0 100
- ——100+ friends - ——100 to 1000
R L
= a4 ey
_% 10 = 10
c E
<= 4b] [
2 .
g £ 107
] el E
) © [
210° ] 8 1ot
§ Noooa
107+
2 a 1
10 ‘ ‘ &l
0 2 4 [} 10 1 1
10 10 10 10 10° 10 e 10f
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Visibility decays as friends add new posts to a user’s stream:
the more friends, the quicker the decay
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Visibility and social connecti

Following: Following:
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Highly connected users are less susceptible to infection

Retweet probability vs number of friends a user follows
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Retweet Probability
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eHigth connected users are cognitively overloaded (receive
too much information) and less likely to find a given meme.
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Visibility of multiple exposures

Digg visibility:

Twitter visibility:
a vote does not change position

a retweet moves it top position
prob. to view post
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- web site interface affects visibility of memes,
but social sighals matter too
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Infection probability following x exposures

Probability that a user following n; friends will retweet a meme
at time t after X exposures, depends on the visibility of the
exposures and social enhancement factor F(x)

Pryitcer(t; X,1f) = F(x) (1 _ l_[ 1—7(t— t,,,nf)) Ppigy(t:x,mp) = F'(x)(T'(t — t;,np))

Profile Friends' Acti
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Infection probability following x exposures

Probability that a user following n; friends will retweet a meme
at time t after X exposures, depends on the visibility of the
exposures and social enhancement factor F(x)

Pbigg [t; X, nf:] =|F'(x {T"I':-!‘ el 11 ﬂf}}

- —Digg

2 linear 5 Digg shows number of
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Infection probability following x exposures

Probability that a user following n; friends will retweet a meme
at time t after X exposures, depends on the visibility of the
exposures and social enhancement factor F(x)

Pryitter(t; x,m5) = F(x) (1 — 1_[ 1-T(t—t, nf)) Ppige(t; x,mf) = F'(x)(T'(t — ty,ny))
n=1
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Predicted Probability to Tweet in next 30 secs

Predicted Probabilty to Digg in Next 30 Secs.

- Model accurately predicts response regardless of exposures
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Some implications of limited attention
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Attention vs influence

Which user to target to spread a message? Although user B has more
followers, they are overloaded & less likely to propagate the message

M A
a9

]

. . S e
Number of friends user follows

10°

[Hodas & Lerman (2012) “How Limited Visibility and Divided Attention Constrain Social Contagion”
in SocialCom. arXiv:1205.2736]
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Hubs are less susceptible to multiple exposures...

Highly connected users are much

Standard model of contagion:

infection oc # infected friends

# infected friends

less likely to become infected
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... Which limits the size of outbreaks in social media

Standard model of contagion (ICM) Simulations with decreased

predicts large outbreaks susceptibility of highly
connected users produce

much smaller outbreaks

6000 .
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Popularity of social news

User interface Dynamics of popularity

-
dlgg B Profile | Friends' Activity | Submit New 2000
Technology  World & Business  Science  Gaming  Lifestyle  Entertainment
| | n
o 1500+ 5
(@)
News, Images, Videos m Topin24Hr TDays 30Days 365Days E
)
319 FDA to be aggressive in tobacco regulation 3 1000+ 4
digge  Couier-journal.com — If there iz any doubt about how aggressive the federal Food and g
Drug Administration intends to be in regulating tobacco, take a look at a letter the
s digg  A9ENCY sent out last week.
173 Comments Share Bury n badoat made popular 14hr 35 min age
500¢ 1
403 Can a Daily Pill Really Boost Your Brain Power? =3 Story.l
R guardian.couk — In America, university students are taking illegally Stor‘yz
obtained prescription drugs to make them more intelligent. Here, an
o digg  IMestigation into the brave new world of neuro enhancement... StoryS
1 1 1 1 1
83 Comments Share Bury openthink made popular 14hr 45 minagoe 0
o 0] 20 40 60 80 100 120
time thours)
2215 What happens when your Mom cancels your WoW
T account...
L revision3.com - Parents just don't understand. YWe don't either - what
75 digg WAS he trying to do with that rernote control?
Share Bury
168 Three suspects arrested in U.S. terrorism probe
e reuters.com — A Colorado man, his father and an accused accomplice in Mew York
were arrested on Saturday and charged with lying to federal agents about a plot to
Cadigg D0 up unspecified targets in the United States, the LS. Department of Justice
zaid.
B0 Commerts Share Bury . 11 cuizinart made popular 14hr 54min ago
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Mechanics of social news
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[Hogg & Lerman (2012) “Social dynamics of Digg” in EPJ Data Science]
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Mechanics of social news

See?

Interesting?

Vote
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Predict popularity of news

e Developed a model that accounts for dynamic visibility of news
stories and their interestingness

e Predict (at promotion time) how many new votes stories will
receive from different populations of users

submitter’s followers other voters’ followers unconnected users
60 T : IIIIIIIIIIIIIIIIIIIIIIIII 250 ‘ _ 350 _ ;
50+ | 200 | 300t |
w 4071 ‘ 1 250¢ | |
3 L1500 d 200 |
© 30 #7 e actual votes : : | 1501 ‘
_ © 100 ] g ‘
20+ . == predicted i 5ol i 100¢ |
10 | confidence : 1 50¢ ‘
........ A T T Lon W® ¥ e, @0 ®

0O 5 10 15 20 25 30 0O 5 10 15 20 25 30 0O 5 10 15 20 25 30
digg hours digg hours digg hours
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Manipulating attention:
an experimental study
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Peer recommendation

... helps users find interesting content online

POPULAR

What's A Fair Share For A
Musician In The Digital Age?

The Mew York Times + Music - ld ago

How Do Gas Pumps Know
When To Stop?

Gizmaodo + Cars « 1d ago

How Human Do We Want Our
Robots To Look?

Popular Science - Studies - 1dago

The Married Women

Lee Meade @leemeadeTT

RT @mmwlawtaos: "What
In The Digital Age?” via @¢
nytimes.com/2013/10/01/1

GLA=

Gizmodo @gizmodo
How do gas pumps know \
gizmodo.com/how-do-gas

aily

W

Eric Grant @ericzrant
How Human Do We Want
popsci.com/article/techng

grEddit ’m new rising controversial top wiki

Subreddit Discovery: Search by tag, monitor,

metareddit! (metareddit.com)
promoted by krispykrackers
28 comments share

S0 CONERESS

I think its time for a performance evaluation
08 submitted 2 hours age by MotoSlug to AdviceAnimals
~ 205 comments share

I am Sean "Day[9]" Plott, eSports fellow & H

(self.IamA)

submitted 3 hours ago* by zngeldayS to IAmA
+] 1676 comments share

Oregon Coast [1067)(1600] (I.Imgur.com)
submitted 4 hours ago by Solvbjerg to EarthPorn
303 comments share

Water bottle leaked and ruined my laptop. [

{imgur.com)
submitted 2 hours ago by camomac to funny
194 comments share

Tried to visit the Lincoln Memorial today, but

= let me in. (l.\mgur.com)
submitted 4 hours ago by geometerdeva to gaming
153 comments share

TIL former Governor Jesse Ventura never m
any money from PACs during his 4 year ser\
submitted 5 hours ago by Mr_Clintcon to tedayllearned

534 comments share

Village in Iran (.imgur.com)
submitted 5 hours ago by jgrd4n to plcs
273 comments share
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Mechanics of peer recommendation

User must see an item and find it interesting before he/she
recommends it

See?

¥/

Cognitive

)

Interesting?

Content

)

Recommend

Popularity
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Amazon Mechanical Turk experiments

Can we control user attention — through story ordering — so as to
improve outcomes of peer recommendation?

Please recommend science topics from the list below U S e rS a S k e d to re C O m m e n d

é Grab the Leash: Dog Walkers More Likely to Reach Exercise Benchmarks

L] L ]
Man's best friend may provide more than just faithful companionship: A new study led by a St O r I e S fr O m a | I St
Michigan State University researcher shows peaple who owned and walked their dogs were 34

percent more likely to meet federal benchmarks on physical activity.

recommend)

No Two of Us Are Alike -- Even Identical Twins: Pinpointing Genetic Determinants of °
& 100 stories
Just like snowflakes, no two people are alike, even if they're identical twins according to new

and genetic research from The University of Western Ontario. Molecular geneticist Shiva Singh has

been working with psychiatrist Dr. Richard O'Reilly to determine the genetic sequencing of
schizophrenia using...

R ePresented in some order

Meat grown using tissue engineering techniques, so-called 'cultured meat', would generate up to
96% lower greenhouse gas emissions than conventionally produced meat, according to a new
study.

rEcommend,

é Still Counting Calories? Your Weight-Loss Plan May Be Outdated . N O S O C i a I S ig n a I S ( St O ry

The most detailed long-term analysis of the factors that influence weight gain shows that
conventional wisdom may not be the best approach.

popularity)

é Happy Guys Finish Last, Says New Study On Sexual Attractiveness

"Women find happy guys significantly less sexually attractive than swaggering or brooding men,
according to a new University of British Columbia study that helps to explain the enduring allure
recommend| of ""bad boys"" and other iconic gender types."

eParallel world experiments

%} Storing Water for a Dry Day Leads to Suits

A small water utility in California sued to challenge the wealthy farming interests that dominate
two of the country's largest water banks.

recommen,

é\,\ Governor Says Montana Was Misled on Oil Spill
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Experimental design

e Vary policy for ordering stories = measure outcome (number
of recommendations)
 No social signals: users not shown # of recommendations

Story 1 Story 89 Story 7/ Story 8

Story 2 Story11 Story 27 Story'56

Story.3 Story.35 Story.56 Story 438

Story4 Story 27 Story-90 Story-/3

Story 5 Story 8 Story 8 Story 15
[fixed order] [random order] [by popularity] [by activity]

control

# recommendations recency of rec.



Results

Position bias: stories in top Story interestingness: fraction
positions get more attention of recommendations in the
(higher visibility) random interface
VS
a :V
3.5-:. ) bp :<\\//;P> 14;.

30F . 12

25 ) 10; N

20+ - 29
I, © 8 / \
[ - o

relative number of votes
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| 6 7 AN
10} A ORS 4 / =
05 « * . .... . '. . .. or'...'. . et 0, ¢ % \
I L . .® ¢ . e 8 2 I
[ . L * ., / S
000 . . N S S s o—"1_. : . . : ; . \"“"‘z:i
0 20 40 60 80 100 0.00 0.05 0.10 0.15 0.20

position prob. user recommends story
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Results

How well does popularity Inequality of outcomes in peer
reflect quality?: correlation recommendation: Gini

with interestingness coefficient of popularity

o ) Gini coefficient

o 07+ [by activity] _ 0.435 . 0.409  0.409
qg 04 __ J.S5H8
g 0.61
= 0.2 0.277 027
. o [by popularity] 0.231

é i 0.2f
”ﬁ 0.4f .
I'§ [ 0.1 i

% GS:’[ [ ST (R TR R S AR T T T S TN T S [N S SO TR S N S S

0 o0 100 150 200 230 o random’ ' fixed ' 'reverse' activity ' ' popularity

number of users

- ordering items by recency of activity results in higher
correlation of popularity with quality and less inequality
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Summary

e Social contagion is different from viral contagion

® Highly connected people are less susceptible to ‘infection’
since they must divide attention over all incoming messages

® Rather than amplify outbreaks, as in viral contagion, they
suppress them

® Knowing visibility of information predicts user response

e Attention in peer recommendation
® |tems receiving more attention become more popular
® Manipulate attention by controlling visibility of items (their
position in a list)
® Ordering items by time of recommendation is robust scheme
for peer recommendation
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