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Two basic processes
in network evolution
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¢ Building a relationship g
(b Breaking a relationship {é
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People You May Know See All

4 Jihae Kim
15 mutual friends
&l Add as friend

Building a relationship

Breaking a relationship
Friends You Are To Break Up Soon

Your Dad

“Dark side of the force”
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Lack of relationship breakup data

* Can you capture the breakup from
— A paper coauthorship network?
— A mobile phone call network?
— An e-mail network?
— A wall message network?

Very hard to define and capture breakup
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Unfortunately (?),
people do take online etiquette
seriously.
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FRIENDSHIP IS STRONG, BUT THE
WHOPPER?® IS STRONGER.
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A proxy for relationship breakup

* Disappearance of e-mail exchange

“Alice & Bob had exchanged e-mails
frequently.

At some point they didn't do any more.”
But they were doing instant messaging.

A proxy is not always accurate!
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How about Twitter?
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Different from other OSNs

¢
7

| In Twitter
“I follow you”

= In most OSNSs (
-

7 “We are friends”
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Follow

http://twitpic.com/135xa - There's a
plane in the Hudson. I'm on the ferry
going to pick up the people. Crazy.
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Unfollow in Twitter

* |Intentional action to break a relationship
* No need for an approval
* No notification

to the unfollowed

Unfollow

Cancel
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Four Types of Tweets

Tweet
Last Day of Socinfo!

Reply
@EePeng Thanks for having me!

Mention
| am attending Soclnfo 2011 organized by @EePeng

Retweet

Wow lots of fun talks and great people! RT @sbmoon
Last Day of Socinfo!
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Recent changes in Twitter API

[Resee
| |

nonnydee Henrietia (top thal |
RT (@ delineator: "the funders are not the people"” - 2 min remix of

lessig's talks and the #occupywallstreet protest:
vimeo.com/30090293

13 Retweeted by lessic
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Our Unfollow Study

* Macroscopic statistics
* User interviews
* Explanatory model

KAIST
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No official records for unfollow

Removed relationship

o
.
.
.
.
.
.
.
%
.

t=0 t=1

 Compare two follow networks and detect
removed relationships
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Twitter now too big to crawl

* |n 2009 it took 3 months with 20+ hosts to
crawl and get the entire 40 million user
profiles

e Now in 2011 it has more than 400 million
users

* How to sample?

KAIST
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ldentify a group with common culture

* Collect 1.2M Korean-speaking users identified
by Korean in tweets, bio, location, or name

=] <
a2t On 7
e
t ‘ @haewoonﬁ)ae;eon Koreal
Haewoo Cwak ‘1.’ L }’4jﬁ r‘)‘; D. stu

Department of Com_m:rer Science, KAIST, Kc

Timeline
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Data collection

* Collect daily snapshots of follow networks
— G(1): June 25 to July 15t, 2010
— G(I1): August 2" to August 315t, 2010

* Time resolution = a single day
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Korean follow network grew fast

* |ncreasing # of users
— G(l): 718,077 - 870,057 +7,599/day
— G(Il): 956,261 - 1,203,196 +8,515/day
* |Increasing (high) reciprocity
— G(1): 56 > 58%
—G(I): 61 > 62%
* |ncreasing avg. # of followees
—59.7 -5 75.7

KAIST

C t
Science 24

KAIST



Macroscopic Statistics
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People unfollow frequently

e 43% of active users unfollow at least once
during 51 days

* Average number of unfollows per person
— 15.4 in G(l)
—16.1in G(II)

Link removal frequently occurs
in a ‘growing’ network

&S compuer 26 KAIST



Factors that correlate with unfollow

* Reciprocity of relationships
* Duration of a relationship

 Followee’s informativeness
* Overlap of relationships

Computer 2 7 KAI ST
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One-way relationships are fragile

One-way €

( P(broken) = 0.1228 &
/ é ,/
&

, ) ,

XK
“Emotional closeness”
Reciprocal(*-~ P(broken) = 0.0529 6

/ C—— /
o &
Conditional P(remaining will be broken|one is broken)
= 0.2345

&S compuer 28 KAIST



No knowledge when following started

¢ BLACKBOX €

U —EERE— o A

A followee list returned by API 1s
always [B, A, C]

_ T des

|
A C

-
Instead, we have a temporal ‘order’

of relationships in a personal network
&S compuer 29 KAIST




Newer relationships are more fragile

unfollow ratio
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Informativeness of users

@chi2011
CHI CHI 2011

Next year's rebuttals will be limited to
140 characters, counting spaces.

19 Nov via TweetDeck

Retweeted by JochenHuber and 15 others

SEERORREARENE
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A B
A retweets B
C ———» ¢

: .
4

’ B 1s informative to A

¢
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Non-informative relationships are fragile

0.2 I I I I 1 | | I |

Retweets o
Favorites  x
015 + ______________ ______________ ______________ ________ | Random IlnkS -
0.1

Retweeted or favorited usets
0.05 | are less hkely to he unfollca_wed

S
10 20 30 40 50 60 70 80 90 100

# of retweets/favorites

unfollow ratio
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Strong ties & weak ties

Group/Network

Group members, because of their
frequent interaction, tend to think
alike over time. This reduces the
diversity of ideas, and in worst-case
arios leads to "groupthink”

Weak Ties

Weak ties are relationships between
members of different groups. They are
utilized infrequently and therefore
don't need a lot of management to
stay healthy. They lead to a diversity of
ideas, as they tie together disparate
modes of thought.

Strong Ties

Strong ties are relationships between
people who work, live, or play together,
They are utilized frequently and need a
lot of management to stay healthy.
Over time, pecple with strong ties tend
to think alike, as they share their ideas
all the time.

Computer
Science

@ KAIST http://bokardo.com/archives/weak—ties—and—diversity—in—social—networks,i(ms-r
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Weak ties are fragile
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No interaction # breakup

e 85.6% of relationships do not involve any
single reply, mention, or retweet

— 96.3% involve 3 or fewer

* People just subscribe to others’ tweets
passively

Why our study of ‘unfollow’ is important
for the study of breakup

KAIST
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User Interviews
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22 online & face-to-face interviews

. tak:’ —-—
* Recruited by word-of-mouth === ~
* Semi-structured B
. - o B M
Logging & camera recording = B |
iR
11 Male, 11 Female
Mean Median Min Max Std. dev. Distribution
Age 27.3 27 22 36 37 Ll
Favorites 80.7 1 0 851 1990 | .
Followers 846.7 164.5 5 8.772 2.0539 |l
Followings 600.4 144.5 7.103 1.562.7 | i
Tweets 3.325.8 583.5 ; 30.639 72205 I, . .
Registered days 449.2 471 14 766 179.1 s o un un Willas &
Egrllf;uter 38 KAIST
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Top reasons in unfollow

1. Burst tweets
2. Tweets about uninteresting topics
3. Tweets about mundane details of daily life

* Automatically generated tweets (e.g., 4sq)

4. Tweets about political issues

C t
Science 39
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Explanatory Model
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Fragile Online Relationship:
A First Look at Unfollow Dynamics in Twitter

Haewoon Kwak, Hyunwoeo Chun, and Sue Moon

Department of Computer Science, KAIST
291 Daenigk-ro, Yuseong-gu, Dasjean, Kores
{haewoon, hyunwoo ] @an Kaistac ke, shenoon @ kaist edu

ASSTRACT
W analyze ®e dynamics of the behavier knovwn & ‘unfok
low’ In Twimer, W collecred dally smapstots of e an.
line relgtionships of 1 2 miililon Karean-speaiizg users for
G1 days as well as oll of thelr tweess. We fossnd that Tads.
1er users frequantly unfollow. We then dlscover the make
facwoes, ncluding the reciprocity of the relatioestips, the
duration of s relationshlp, e foliowees' nformativenass,
w2d the averiap of the refationships, which affece the de-
cwion o unfollow. We condoct imerview wit 22 Korean
respandents 1 wpplesent the i
folowed 1hose wha leh many 1
creaied wests about nriserestn
the mwndase Setalls of their Ive
edge. this work Is the frst syster
behanior In Twizer

Autnor Keywords
Uzfollow, comperer-median
line relaticaship

ACM Ciassification
HA.0 kxformation Systemss: Info
seztation - General

Gengral Torms
Fuman Faciams

INTRODUCTION

Relaticaship foemacion and Cssoletion are two basic pro-
oesses of relaclonaip change and evalwlan In pereoeal nes-
works. Studies of relationship formaenioe and dissclution
mastly rely on surveys and imerviews, bath of wirich requlre
oconsiderudle effan in 1emms of time and laboer Onlloe so-
cal nacwarks (OSNY ald researchars in ar least tw ways,
such as {1} they contala & huge archive of human bedavior
relaned o caline relationships, and (1) they allow casy ac-
cess. Ssudles of onlise selticaship formarioo are swaighs.
forward, as mast OSNs offer slinple means of esahlishizg

Pemivecn o muke Sgue or e sopkes of 2 o e of Jue work for
pererad or zhauTeon tes e graTed wiltcsd fas prockiad st cozies ae
o raes o dantosed dur it o comoeriel advarnge sul U copee
bear 2 nodce e the 4T Simioe o the A mge. = copy St i, o
rERaTi, G2 pONl ©f wE Ve O 1 redhiies 1o be rapdnes ok et
perTicr adte 3 (e
CMI 2011, My 32,2011, Vemzeove, 8C, Conmie,
Copyright D105 ACH TS 1420S038.070 1

KAIST
Computer
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osline relatlanships, ofien referred 1o as 2 ‘fienc’. By coe-
trast, ressarch oo the wpic of callze relatioaship dissolulon
has not bean exzensively canduciad cue o e lack of datn;
an caline friead salatlonship rematas fgld regandiess of te
actual relationsiio |28, Researchens thus Use peaxiss 10 rep-
resent the sure of relationship clssolotion. For exampie, 2
siudy of relaclonsbip Ssokcon inemall narwarks sasumes
that the Ssappeariece of osline astivites (the exchange of
emalis) radiaces this type of dissolution | (6], However, a dis-
appeamnce of communication cannde be directly ranslamed

The Impact of Network Structure on Breaking Ties in
Online Social Networks: Unfollowing on Twitter

Funda Kivran-Swaine, Priya Govindan and Mor Naaman
Rutgers University
funda@rutgers.edu, privagn@cs.rutgers.edu, mon@rutgers.edu

ABSTRACT

We investigate the breaking of tes between individuals in
the online social network of Twitter, a hugely popular
social media service. Building on saciology concepls such
3 strength of tes, embeddedness, and stztus, we explore
how network structurs alone influences fie hreaks — the
camman phenoenena of an individual ceasing to “fallow™
znother in Twitter's directed socizl network. We exgmine
these relationships using a dataset of 245586 Twilter
“foillow" edges, and the persistence of these adges after nine
maonths, We show that structural properties of individuais

and ooy ot Thein 1 hotih o tlani@eict =ffact o dha

No explanatory model taking
ructural and Interactional propertie

INnto consideration

& Mowilne. A user cuo eesily stop foflowing (wafolion) and
needs na confirmation fram the followes 1o do sa. Unfollow,
thus, & not @ praxy bet a verfiadle action of hreaking an oo-
Iine relacionsdip In the rest of the paper, we use unfollow
hoth as & nous and a verb,

In chis work, we acalyze the dyramics of the unfoliow be-
haviar w o d oeline relationship dissolution. The
WO reszarch cuestions explored hare ase: (1) whas are Se
chamciesistics of the enfailow behavior? and (L) wiy do
peaple unfollow oers? To address the tirst research quas-
than, we collacied Gally snapshics of the follow relateaships
of 1.2 milllon Xorean-speaking users aver the course of 5!
days as well as chelr teeets. By comparing e dully snap-
shot, we coattrm @t snfoliow Is prevalant 1o Twimer We
have fousd thae the reciproczy of the relatioeship, the dera-
ton of the relaionships, the folmeees' Informasiveness, and
the overap of relacionaiios are rivical in the decislon 10 we-

their contacts when they log in). These contacts reflact
varipus types of relatianshzps, inciuding friendship, kinship,
comman inferests, attention, or information exchenge. The
sggregates of contact |sts in each of these services result in
immense, srticulated onfine social networks., As these
services shifl the communication and information fabric of
our saciety. the dynamics of the networks they suppact are
important to understand and reeson sboul in depth,

In particalar, the articulsted online soczal netwaorks in these
services change and evolve &3 individuals form new tes, or
breuk existing Les to others. These structural changes,

Perssisslon o agke dightal or hand coples of all & pan of tas woek S
persong! or Classroom ued % granted without fae provided that copies are
Aot mads or distrButed for proflt or coemercial advantage s that soples
Beur % notes ead the full ciution on the fint pege. To copy otherwlae,
or republiy, 10 POR CO SANVEN O 1o radiaribute 10 NS, requines price
spasifis pesmisaion and'or @ fas,

CHI 2001 May 7-12, 2011, Vancouver, BC, Casade

Copyright 2011 ACM $78.1-45M3-2267-871 1708, S10.00

observed over time, are far from rendom, and depend on
varipus factors that affect the relationship between the
users. Most work in the Computer Science 2nd HCI fields
has focused on the dynamics and models of Be creation
15.9.13]. In particular, researchers considered the structural
2spects of the socia!l network that predict formation of ties
[5.10,15]. Here, we 2lso focus on lhe social network
structure, but examine beeaking and persistence of existing
ties, rather than tie creation,

The topse of bresking and p of ties is aly
important. Tie breaks impect the dynemics and activity in
d. &y we show below, are
o1, Moreover, the 2ct of “des
stems might impect social
d the online world, in pan
the netwark, where the ties
xistence could De detectad.

studies have examined be

pic has not recesved
field [1]. This gap is
1 dats, or the fact that

s often decay rather than

sarement of the phenomens

from socialogy research,

tura! aspects of individuals®

rrunants for persistence and

w have 2n oppportunity to

Sxeiiic dhose Liconios oo cnone sacial networks, and at a

scale that was not available before. The dynamics of these

anline netwarks may help us, then, 1o reasan about other

tynes of networks and soc:al ties. and discover patterns that
mizy shed light on social phenomena in different contexts,

We use two snapshots of the Twitter social network to
study the breaking of ties. Twitter is founded on 2n
art:iculated online network, and allows users to read updates
from others that they “follow™, Thus, users create a diracted
social network that reflects zattention and transfer of
infoemztion [5,7,12,13]. We borraw from sociology theory
1o frame our investigation of tie bresks and network
structures using the concepls of hie strength, embeddeadness
as well as power and states. Our largesscale analysis uses
information from 245,586 dyadic relationships on Twitter at
Time 1, and the persistence or break of edges in these dyads
by Time 2, The analysis ains to answer the following
research question: Whar  structural  rocial  net
properties of nodes and dyads predict the breaking of ¢

KAIST




Interactional properties
describe dynamics

* Has a followee sent a reply to a follower?

* Has a user mentioned a follower in any of
one’s tweet?

* Do a user and a follower share common topics
of interest?

KﬂISTU er 42 KAIST



Sociological concepts in persisting ties

@\‘ Homophily {‘\‘

Reciprocal services
Tle strength
Power and prestige

+ Twitter—specific feature: Informativeness

oL 43 KAIST



Multiple logistic regression model

* Binary dependent variable

— Whether a relationship at t, will be broken (1) or
persisted (0) at t,

* 78 Independent variables
— From structural properties
* # of followers, # of followees, # of common followers, ...

— From interactional properties

* # of replies, # of retweets, # of communication partners, ...

Egrllf;uter 44 KAIST
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Filtered variables

 Removing multicollinearity
— # of common followers & followees & neighbors
— # of follower & those who reply to ego
— # of those who exchange replies & all replies
— # of received replies & mentions

 We filter out 36 variables and 42 remained

* With stepwise regression, we further winnowed
down to 39 variables

ﬁgguter 45 KAIST
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Dependent vanables Coeflicient Odds ratio
Structure properties

u Followees A 13e-03(1.50e-06) 1.ODDT="

u Followers 5.59e-05 (8.81e-07)  LOOO*™=

u Followees/Followers  -1.71e-03 (1.98¢-05)  (.998***

u Follow-back ratio .21 (4.02e-03) (810"~

f followees 2.67e-05(2.53e-07)  1.O00D***

f followers -2.68e-06 (8.01e-08)  1.OOO***

f Followees/Followers 1.68e-03 (1.28e-04)  1.002***

f Follow-back ratio (1.82 (4.68¢-3) 2.282¢%°°
u— f Onrder of follow -1.57¢-08 (84le-11)  LODD*=*
u—f  NOrderof follow 2.58¢-08 (6.71e-10)  1.000***
w+s f Prestige -1.22¢-06 (2.37¢-07)  LODO***
u «+ f Reciprocity of follows A0.80 (2.50¢-03) 0.451***
ur f Common followees -7.40¢-05 (9.12¢-06)  1.000***
w+ f NV Common followees 2289 (2.78%-02)  0.056%**

Activity propertics

u Tweets 2 76e-04 (9.40e-07) 1000

u URL tweets 14004 (7. 24¢-06) 1,000

u Auto-generated tweets  3.26¢-(4 (7.32¢-05)  1.001*

u Popularity -1 44e-04 (1.07e-06) 100D

S Tweets 4.27¢-05 (1. 11e-06) 1000

S URL tweets 4.32¢-05 (8.74¢-06) 1,000~

S Auto-generated tweets  -2.86¢-04 (1. 14e-04)  1.ODO*

S Populanity -6.04¢-06 (1.02¢-07)  1.000***
u— f Replies 2.85¢-03 (1.32¢-04)  1.003***
u— f N Replies -0.67 (2.22e-02) 0.516%*
u— f Mentions -0.23¢-04 (3.70e-04) 0,999
u—f Retweets -1.21e-02 (9.65¢-04)  (,98R***
u— f Favontes -5.06e-02 (1,95¢-03) 0,951+
u—sf N Favorites -3.95¢-04 (2.53-02)  1.000***
u+ f Replies -1.58¢-02 (3.91c-04)  (.984***
ue— f N Replies -1.49 (3.52e-02) 0.225°
u+—f N Mentions .66 (5.19%-02) 0516
u+ f Retweets -5.17¢-02 (2.37¢-03)  0,950***
e f N Retweets 076 (4.92e-02)  0.469***
u+ f Favonites -6.11e-02(5.01e-03) 0.941**
w+ f N Favorite (.35 (4.88¢-02) (0.706%**
u« f Common hashtags 012 (1.29%-03) 0.883***
u+ f N Common hashtags 222 (4.20-02) 0.109***
u ++ f  Days since first comm.  -1.95¢-03 (4.8¢-05)  (0.998***
u <+ [ Dayssince last comm.  -1.08e-04 (3.38-06)  1.000***

Removed varables
w— [ N Mentions 3.49¢-02 (3.46e-06) 1,000
u—+ f N Retweets 6.25e-03 (2.28e-02) 1000
u s f Mentions 1.09 (5.68e-04) 1.001
Tp<005 *p<00l *%p< 000l

* Odds ratio is rounded to thousandths.



Interpretation of models

Emotional closeness
Homophily
Tie strength

Receiving actions rather than giving ones
more important variable than the opposite

— People appreciate receiving feedback
— Consistent with the study of social capital at Facebook
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Summary

* Unfollow is a clear sign of breaking a relationship

— No interaction is NOT a good indicator of breaking a
relationship due to user’s passivity in Twitter

* Quantitative and qualitative studies of unfollow
— Reveal its characteristics and motivations

— Discover important structural and interactional
properties
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Application: Practical uses
Bursttweets, automatically generated-tweets, ...

ailolleh & 27 1:36 @ -

that half ended? that half ended?

espn E S EEEEEEEEERNI espn
E5rii BOOM, Andre Ethier just singled in espn
the bottom of the 5th to extend his espn
hitting streak to 28: es.pn/kyk0I3 espn

E>r11 We have a winner... RT @lindacohn:

espn ;
=311 Nobody's perfect. The Red Sox . Br.ums 200ted!
handed Jered Weaver his 1st loss of o ﬁ mikaalhuss . .
¢t e : . Whoa ... the king of Sweden just
the season tonight: es.pn/kjABko . & ) :
R walked into our office spaces here at
_____|espn R4 #scilifelab
ESrii @R1cky_FOntane Don't worry, we ‘0 Retweeted by Ishlj
won't tell on you. R4 owlcity
espn o DARTH VADER: "Hey Obi, | made
=311 We have a winner... RT @lindacohn: o you some toast." OBI-WAN: "It's a
Bruins scored! ’0’ bit on the dark side, isn't it?!" #LOL
mikaelhuss Top;Twest
ﬁ Whoa ... the king of Sweden just =  RealWizKhallifa
/¥ walked into our office spaces here at ‘e | ol has gone from meaning, "laugh
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Application: Theoretical models

* Existing models for growing networks deal
with link additions only

e Our studies reveal frequent link removals in a
growing network
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Follow # Friend
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Thanks!
Questions?
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