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Emergence of Collective Attention and Dynamics of RT Networks
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Quantifying distinct behavioral patterns using online social data is important for exploring collective social

phenomena.

Here we investigated “collective attention” on Twitter, a popular social networking service.

To

quantify it, we focused on the fact that tweet activity exhibits a burst-like increase and an irregular oscillation
when a real-world event occurs; otherwise, it follows regular circadian rhythms. The difference between these states
was measured using the Jensen-Shannon divergence, which corresponds to the intensity of collective attention. We
associated irregular incidents with their corresponding events based on the popularity and the enhancement of key
terms in tweets. The results of applying this method to 490 million Japanese tweets over 400,000 users revealed 60
cases of collective attentions. Retweet networks were also investigated to understand collective attention in terms
of social interactions. Our findings provide new insights into social behavior in the digital era.

1. [FLC®HIC

V=¥ Ry hU—F 27— R (SNS) 1% 145 - 2
Il EBAamalasr—va v R, Badlx LR S
oY =¥y N7 —2IXETLINATEO Her) &b,
KB Y — X VT — X II N A OFSATE 2 ER&ICHEET
5 ETEERFERNVEEZTIND. SNSD1D5THD
Twitter 13 DT DEEEZE D) V—1T, 2—FF5
EHLTND D% 140 STFURNTHOERE (VA — 1), 5
Da—YFROERLETKIGL (U TF7A4Y YA —k (RT)),
ZOHHFEIZ L > Tax—WFxry hU—7 EEBE BICEHRIME
9 5. Twitter IZV 7AZ A 2%, F v b T —27 O @R
DATENZBIET HDICH#E LR TH L7280, A E TH
NTEY, ThE TICH e RESTEIORMENRE SN TN 5D
[Gongalves 11, Wu 11, Golder 11, Weng 12].

ARFFETIE, VA — A N U —AITBIT D ER & HETE DFET
A H LT, Twitter FTAL AR (Collective Attention)
EEBMICIEZ 21D OFIELZREL, £EFEEOAI L Z
DOFMEZBERT D, £72, RT * > MU — 7 ORERL & i & 18
UC, £EEFEOERICH D2 EEROMWEZH 5T
T 5.

2. Ak

2.1 T—4tvkh

Twitter REST APT** ZFIH L TR/ —R—nH% 7V
TEITV, $940 TADZ—FnbHH 5 EY A — DT —X
(2—FEALFAL) BWE L. HF—FITHE, YA —b
DTFANDOMIZ, 2=V T T 7 AV, A DLRZ TN
BIEWREDA X T —ZNEENTND. 2010 4 £ 2011 4
DT —Z wfifitgl L, 2—%FID, VA — DT XA K, ¥
A LAR T H TRV,

RS TR, 4 d BRI REREE BB AT ER, T 464-
8601 4 iy BT THEX AENMT, sasahara@nagoya-u.jp
%1 https://dev.twitter.com/docs/api/

2.2 KEFEOBRHEEEEL

B, VA=A NI —AFZMHOBA Y X AERTH, &
HHRICBWTRERARIBELD L, YA —FDA—R |
72BN AR ZERIRE R A T D, B E, X 113 2011 D
20 &3 HICETS 1 EREDY A — MERORE T, Rt
KFEENHEDOH o723 A 11 BOFHRIZY A — FRRAMHEL,
ZO%, A Y XABEN T DT NS, 20857
A —FANY—2DOE L, N2 OEBEOELEEHL~LT
FMLTWAEEZOND., ZOREICHESE, YA — KX
N —ADEERENSOTNEELSEREOATEE AL, T
NOREZESFTEROBRE LT 5.

YA — bR MY —AOEFIRIE L IEEFIREDO £ A ERLT
BI=DIZ, VA —FA M) —ABMERSMIZEL, KX TER
&% Jensen-Shannon & A N— = A (JS) ZFHET 5.

P+Q P+Q)
5 ) )

JsuzQy:%(KLuz )+ KL(Q,

KL(P,Q) = pilog, %-

JS ¥ Kullback-Leibler # A /N\— = > X (KL) % xtFrb
L72b DT, WMERGMP ={p} & Q={q} PERLZHDD
VSN [Lin 91]. EFEN LB SR E IS, JS 1TIEA
THICAERDD, EF—ZOFICELTWDS., =4ty
FB 30 EITY A — MEEER L (dt = 30), & HEITRD
eV A— NOWES % P, FEEoENE Q L LT, EXk
D JS AT 5.

JSENKRE/R L ZATME EIXR2DY A —FA R —A
R LIZH T, 004Xy RBREWMFRTAEL, Zhick-
THEHILANLVTY A — MIBIRFER I EX DD, -
2L, K237 L9212, THBBIXFERE LD S JS BEALIC
RK&EL2Y (P < 0.001; Mann-Whitney U test), M1~
VRN CHLWE L RAEDY A — AN —LERT. X
T, FABAD JSEOE A NT T A (K2 DR) ZH T A
B%Cc7 0y NLT, F u 225 30 LLEKRE R JS EZRT
FROHZBEELGEREOXGE L (u = 0.0019, o = 0.0009,
J Sthresh = 0.005).



The 27th Annual Conference of the Japanese Society for Artificial Intelligence, 2013

180000,

... Feb 2011

5 160000r — Mar 2011

o
T 140000

1 YM— bR MI—LDEEEEEE.

90
80

3 Weekdays
= Weekends and National Holidays

Frequency
N Wb O o N
o O O O o o©o

10

8.000 0.002 0.004JS 0.006  0.008 0.010

2: FREEIBHBEOD JS EDQHA.

2.3 HKEFIELHETLIARYLDOREE

W, EEBENEUTVWAEMEICRAELEEYA— D
FXA M EBEEMITLTH—24 (1) ZHHL, BohizF—
ZINGHEE (tf) RO TT U7 ) Lz, TRREHEMTICI
MeCab*? & NAIST-jdic*® # M\ =, F7z, &k {t | tf >
t foefore, tf and tfoefore > mean} Ziili/z % —LIZEHFH LT,
BEFEHIINER (tf [t foetore) 3R, T2 I HF Uiz, BET >
DA, 58] = Thttp] RED Y BT /L« X — LT EAN
HOLNTUE YN, SHEHENROHAX, P ET L X —14
VX tf [t footore PMEIE 112720, A X2 N4 HOBEEE (tf) D300
H OB (tfvetore) & VIR LImHE R & — L%, tf [t foetore
DRERMBICARD EHFETED. LD >, HFENL— A4
DOREZ 7 20 Tl SBEEE T 7 2 F03 00 & LT,
B S e FGUTHIET D FE RO A X FEFET D, A
HTIEHF—LE LTHFHDOHREHND.

24 ERFELHEETLRT v +T7—7

KEEE LR EEROBRD DR A D720, RT X
NU— 7 B LT, EOMIEE ST L2, FlE, —F A
BHDHANRY MIBEETLF—U— K (4§) 282—9 B
DY A =% UV A—FLTZHEE (“RT Quser-B-+” X “via
Quser-B+”) | =2 —H#% /—FELTA-SBOLIIZY v
7 EfES T2 L, AR TIFFEARY ¥ A — N D& fifpT %)
BETD. VYA —IBREBRZIYA—FENDZELHY

*2 http://mecab.googlecode.com/
*3 http://sourceforge.jp/projects/naist-jdic/

0.06-Asian _______
Cup Tohoku-oki
earthquake
0.05}
0.04} Nadeshiko
(%0}
—0.03}
rg\‘s;t:,egf; 02 Twitter
' Afterquakes trouble
Typhoon
0.01 Qpiake No.15 Laputal
. Eclipse

0'Ogan Feb Mar Apr May Jﬁn Jul Aug Sep Oct N‘ov D‘ec
2011

3 EAIBONELZTORE (2011 F).

FOBEE T LRI A BIRIIICAT O .

3. #R

JS fEEAY 0.005 BA E & 7R L2940, 2010 1% 34 1, 2011
X 26 EdH o7, S HITJSEA 0.01 A EDOKREREEZTRL
7-H50 3, 2010 4R 12 4, 2011 4ETIR 6 kb o 7=, UTF T
BETFETHRESNEZE AL OESTEEORKEZ R TV, -
72 LHRIE ORE T 2011 AR OMHTRE R & sk~ 2. GE
I% [Sasahara 13] &)

3.1 HKAEIEDHM

2010 & 2011 FOT —Z D ORM INTCEEFEE L FE
LTHRERRIZE A, BARKE, AR —Y 4~ 3k,
BEHAT, Buh, ERITER SICOESNTZ. P THHRICRE
72 JS AR LIZON, BARKEICET L b0 o7z, KHE
MFALTZ 3 B 11 BiZ 2011 4 TReRTRE DEATTEE N4 L,
ZOHEMNS 4 AEER T JS fEI% 0.005 #Z7. DKL)
VEEE L7z miR OB A TEE NI S =01k, AARKES
DOREOHTHDH. ZOREDY A — FONEIE, M9.0 O KHE
OB AT I R A B o T K, E D ITER Lickk & 72 B
FITMIETHHEOMFEEAETE 7. MAC #RA L, TH
), TE ), MEE) 2 Y, BECIIEBICEbns Z Lok
W — AR KEIZY A — FEINTWeZ EX¥bod. AxDiE
BOBANRTEIEEZEZDL L, ODICHARARKER ML KE
<, Bt BEZZ I 200N bd. REKUSCY, H
BOARRREOARKEICEE LI EAFEOMEITR TR
otz

ZOMUZE TS AR LIZDIZAR—Y A X M5
LT, BRLTF Iy I—F— L - RTLI VYR DU —L
Ry 7EBESCAARBTY oy h—F—hDT VT Iy TER,
NG —=R=F YU I DT 4 FaT A7— MBS T 08
HROAARL Y =X T D000 b7 WIhb s —L40
HEATROT L ik & R L T, BTRT — A DS CEE O
FRVA—FENT. TRHORMBEREAFBEOLRA, ¥ —
LOBEET V7 DRI LNENRENEDLNDEHLONITEALE
727,

FRRED JSEE2/R LIEERICEZ AT CAD &, LR
FHEAINPBRZ: ST L EIBRIEWESIEER R 6. Bl
3, NRERERE NIXS5S) OIREPEA R, ART7 =20
RZEEDYT v = & | (FFEMZ A FLiE “Castle in the Sky”)



The 27th Annual Conference of the Japanese Society for Artificial Intelligence, 2013

R AR E— TV AR P u D] DT L EHEOB R
BT DNH o7, B, [RZEDHR T4 OU T
A<= I A=V ERBLIEY A —ME, 7T2AR% Y b
H A D S LRPEE & SO U O CHRUMZE . BRI R R
NHHTZDT TIERON, 2=V b EAATZ LN L EIE
2BDEMERLL LT—HIC LR YA —k L (K
4D). ZORMIEY A — M, SEEOBREY A — & (TPS) @
HREEER AR LTz . Z o X 51T, ITEISERIC BLEE
BEBITTHRED S DNL. FOWE, F—LOKET 7
X0 LHEEBIMEROFTNA X MRAEDE » MIRDZ &N
%\,

—J7, IEHRCHEM L POERTTEIE, 1 BEE L TR
IZY A= FA U —AMEH £ FEN—A b - kA7 R
H—rNRLNTE. £72, Twitter O —EADREEIZL -
T, DFEDYA =P TERNI &L~ T IS HEREMEEZ T
T2 EHHY, 2010 FE1T 74, 2011 FEix 2 4, Tk S nHE
SRR INTZ. 1 BO D BIZ R D EOESEENEERA
Uil —A2b ot

3.2 EEFELHEMBEER

W, EEH IRV A—NAN) —LEERHT A=A L%
L2 YA — bk (RT) figfi L7z. )4 ® C & D IR
INFex—U—F FF) 280V — &2V YA —F LT
2R DR OIS &R S5IXEAEELHE
HWLZRT x> hT—2OFIT, /J—KPR=2—FERL, U
X RT BfR, /— FOKREZ XXV VA — h NI
T5. EFLLLEHEITEI YA —FA M) =204 ER
ﬁbfwéwﬁﬂ B OCHED RT Ry U —27 OREEN

EH. HAARKERDO RT *v U —27 T, Ek&/w%%
HFilbd LTRED ) — FBFEALTEY, ZIUIKRERICE
HLEYA— MR EREED, VYA — MZLoTL é/w)
Z—PFRORN T2 EEBEWRT S, LA, K/ — ik
D=V T, R RKEROHEINEY A — L2 &R

2 DIV A— b eAEATRBRTE T2, —F, REOHI =
ZORT Fy U —ZITIFEH L TRE AR/ — ROKRBUR

/= ROFEEERL, VYA — MIRBINICOAELZ > THnD
ZEWhND.

INHDOZEEERMIIRLEDONK 6 THDH. ZOKIT
WHARKEBREREOW T o ¥ 2ETe4 >OFERIZETD
RT &y NU—ZIZ&FEN DGR OV A X4 & ONT K

TRLIZHOT, HENIHERRTH D Z ITET I,
ZORERSD L, HARKERRLSRTLI VXY XU OEKRE
DRBEDEASEEDOES, RT Xy b U =27 IZIFHBEVICE
KIpEFER Y (RT 27) BbdZ Enbnsd. —J, WA
RORZEOW T ¥ o X ZEE LR RROESEE DA,
RT 2 7 I3fF1E L7\,

S, BHEF—T—REELYA— e VYA — bO¥E
AR FOYH EHTHTHEL TS &, HAAKEROSA,
VA — MEINRIT 121 5 TY Y A — IR 117 £, K420
WT 2 ZDEEIE, VA — MR 103 5TV VA — MY
INEA 5 £5 L 720, AR OAIZE & BlE % — T — RO
T2 2 L3R TE .

TR ORERIT, EATE TSR AR A OE
ICRAEAT D EEZOND. DF 0, EEEEORECRMEIC]
VA= NOEZET TR, VYA — bOESEHOFENEIR LT
WH I EBIREEND.

*4 https://twitter.com/twittercomms/statuses/
146751974904311808

>
W

o0 JS(P,Q) = 0.060 oo JS(P,Q) = 0.007
-- Annual Mean 2011 (P) -- Annual Mean 2011 (P)
E‘0.0a — Mar 11, 2011 (Q) 2008 — Dec 9, 2011 (Q)
3 5
% 0.06| g
o o
D 0.04] ®
Qo o
2 \ 2
F oo N =
000 6 12 18 24 00 6 12 18 24
Hour Hour
Cc
Popularity tF | Popularity Enhancement [tf / tf before|
1 #E (earthquake) 0.0171/{2%E (blackout) 564
2 K35 (OK) 0.0157 Z%5 (alert) 335
3 http (used for URLs) 0.0155# K (tsunami) 297
4 £ (safe) 0.01478# % (evacuation) 289
5 K (tsunami) 0.0082{= = (message) 277
6 C & (a subpart of terms) 0.0082 275 (safety) 270!
7 &> (asubpart of terms) |0.0073| £ = (disaster) 143
8 |E5E (phone) 0.0073 )11/ (coast) 142
9 ;EH (evacuation) 0.0072 %4 )L (dial) 135
X (Awaji, related to the
10 %> (a subpart of terms) 0.0070! Hanshin-Awaji Earthquake) 130
D
Popularity tf | Popularity Enh 1t tf / tf vefore
1 http (used for URLs) 0.0225 7 £ 2 % (Laputa) 118
ZE 2% (Laputa—
2 japanese title of Castle |0.0181)/V/LZ (Balse) 75
in the Sky)
JVJLA (Balse--a magic KZE (a part of the movie's
. . 0.0151 44
word in the movie) title)
7' (Giburi--the
4 S A (Mr.and Ms.) 0.0100|animation company that 43
made the movie)
laputa (hashtag for i= g1
Laputa) 0.0089 71T (flight) 33
/X)L (a broken part of
6 Z & (a subpart of terms) 0.0076 32
Balse)
_ R (an ice skater’s first
7 &5 (asubpart of terms) 0.0062 28,
name)
L X3 (amain I\Z 73 (a main character in
0.0048 R 21
character in the movie) the movie)
9 %> (a subpart of terms) 0.0046 7z (pirates) 20
, 7%H (an ice skater’s last
10 Z 1 (this) 0.0044 17
name
&M:%ﬁ&%tﬁLLtv4—bxbU LEB—LSUY.
RHAREBEIRICBEE LY A — FOHERD A (A) L4 —L7T
7 (C), BEW, KEDWHST &= 2 TB#E LY £ — kO
oA (B) £ X4 —bT 7 (D). EROEINES — LAOHES
L0, AN T 7 C, R IEA TR & Bl L
X R
SO
4. EEam

AL T, VA — bR MY —2OEFIRIED S ORI
EHEE DA, TORMESWEEREEOBRE S LT, &
T — X EfNT L, EREROREEZRANT. TORKE, JS E
23 0.005 % DEATER L BE T 5543, 2010 4 & 2011
HEEEDET60 RSN, T oDELRIT, BRKEE, =
=2 A R b, 3k, BEFER, BiR, BTS2 SloaEE
, FRCARGE & AR — /4A/hikﬁ§,%ﬂu%i$
WEOEAEELMEEL TV, &I, JSENAKRE-T
FLHICEHLTRT *y PV —27 2 LT, EAEEOEEIC
DS ENER 2 /7. FOREE, KREDERITEE L
FEREDOZNIE, RT % v h U —ZIZ& TN DB DY A
RSB RELS BB Z LRI o7, T, @i & EH Y
A—=FA B —=2E2EBHTAD=ALNE22H 0, KIRE
DEAFEBIZVA— L VYA — FORMFFEREEIHEE L,
SR D b OIL TR KEY A — MCERT 2 L 2R L



The 27th Annual Conference of the Japanese Society for Artificial Intelligence, 2013

B 5 EETELEEL-RT *vy bT7—20Of. (A) KB
ARRES (/7 — F¥E 27,340, VU > 7 % 27,709) (B) RZED
BT vay (/— REI% 1,183, V 7 $i% 793).

- =N N -
o o (=] (=)
N w £ o
T T
Il Il L

N
o_n

Size of Connectted Components

3 +
ii: + céi EE
Il Il Il Il
Tohoku-oki FIFAWomen’s Castle
Earthquake World Cup 2011 in the Sky

N
(=)
=]

Lunar Eclipse

X 6: RT &y b7 —9 OEERS DY A X5, A0 HHEH
KIS, T LD v N OER, RIEOWT B X, HEF
AR.

TW5.

L L= 2T A — RO R— 2 NI ER T 5
HONEFES [Lehmann 12], FEETFIETITIEAS—X MY -
DRI A — "NE = b OFERBI|ZA DI LN TE D,
ST, EATEBEARET AT TR, ZORELERLL
THET 5 ZENTELORKERFFETH L. APEEFIH
THEEDEERE LT, dt R JSthresh DVNSTED LfBA N
¥ NOBRERERNZ D720, T2 OWEIE LTINS D
T A= EWUNCRET DNENH D, ET-ARUIE T, fif
Wit BAGED Y A — MR- 7228, ZOFEA RIS
DY A — MIUISHTTRETH 5. FIZITHEFTEOHE, T TICY
A — MIHEFEHEA TR 5N TV 5 7= DT RE SRR O L33
7, ZOFEEXTOEEMES ZENTE D, ELZOHE,
fRET 27 — & OHBR R (B 20, Eork, (EER)
F v NT—=ZWREEHE B2, 2—VFOIN—T s T A
2) BBELIZFPAEERRERIEOND &ETHREIND.

V=X NATF 4T OBRBIZL - T, T8O b 85 4
CHNMCERBEND L b L, KEEY -y LT —4
PHEM VAL DITEINE =R F A T 2 7 AR ERILT 5
ZED, HLWTEYFROZITICE » CHEIZR S, IBETIER
TRIGE2H S 7200, EAEEEMEICERL - kT 5 2
EMTED LV HTHHITHY, fHRLE LTHELNDERIT,
T VENVEREROESATHOBMRICH LWVIRE L 7257,

HEE

ABFFEIE, MAEBHFBIR I £ 0 H R GT S T Seimif
eI AR T m 7T & (FIRST BRECHBIRET LT n Y=

7P ATk, BAEHHRAS 28 L TR SN Lo T
S Xk

[Golder 11] Golder, S. A. and Macy, M. W.: Diurnal and
Seasonal Mood Vary with Work, Sleep, and Daylength
Across Diverse Cultures., Science, Vol. 333, No. 6051,
pp. 1878-1881 (2011)

[Gongalves 11] Gongalves, B., Perra, N., and Vespig-
nani, A.: Modeling Users’ Activity on Twitter Network-
s: Validation of Dunbar’s Number, PLoS ONE, Vol. 6,

No. 8, 22656 (2011)

[Lehmann 12] Lehmann, J., Gongalves, B., Ramasco, J. J.,
and Cattuto, C.: Dynamical Classes of Collective Atten-
tion in Twitter, in Proceedings of the 21st International
Conference on World Wide Web, pp. 251-260 (2012)

[Lin 91] Lin, J.: Divergence Measures Based on the Shan-
non Entropy, IEEE Transactions on Information Theory,
Vol. 37, No. 1, pp. 145-151 (1991)

[Sasahara 13] Sasahara, K., Hirata, Y., Toyoda, M., Kit-
suregawa, M., and Aihara, K.: Quantifying Collective
Attention from Tweet Stream, PLoS ONE, Vol. 8, No. 4,
61823 (2013)

[Weng 12] Weng, L., Flammini, A., Vespignani, A., and
Menczer, F.: Competition Among Memes in a World
With Limited Attention., Scientific Reports, Vol. 2, p.
335 (2012)

[Wu 11] Wu, S., Hofman, J. M., Mason, W., and
Watts, D. J.: Who Says What to Whom on Twitter,
in Proceedings of the 20th International Conference on
World Wide Web, pp. 705-714 (2011)



