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Social network analysis of cattle and buffalo movement in and out

of Nakhon Phanom Province 2021-2023

Kwanjai Kaewkampa'® Doungkaew Sanbubpa?
Abstract

This study aims to analyze the social network of cattle and buffalo movements into
and out of Nakhon Phanom Province during 2021-2023. Data were analyzed using the
electronic animal and carcass movement system (e-Movement) with Gephi 0.10.1. Four key
centrality metrics were assessed: Degree Centrality, Betweenness Centrality, Closeness
Centrality, and Eigenvector Centrality, along with other parameters. There were a total of
16,451 reported movements of cattle and buffalo involving 452,455 animals. The network is
a directed network consisting of 582 sub-districts (nodes) and 915 movement connections
(edges). The sub-districts were classified into 146 as sources, 366 as destinations, and 70 as
both sources and destinations. The centrality analysis showed that Nong Yat and Sam Phong
sub-districts had the highest centrality values compared to others. Cut point analysis revealed
that 69 out of 76 sub-districts in Nakhon Phanom Province serve as critical points. Nong Yat
and Sam Phong sub-districts exhibited high centrality values and are identified as cut points.
Therefore, these sub-districts should be closely monitored and controlled to minimize the
risk of animal disease outbreaks. The findings of this study can contribute to more effective
management of animal movement networks in the area and can be applied to enhance
disease surveillance and control, particularly at key connection points, ensuring timely and

targeted outbreak prevention and response.

Keywords: Social Network Analysis, Cattle and Buffalo Movement, Nakhon Phanom Province
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centralization A1 out-degree centralization LagA1 maximum k-core nan15@nwluy a9y w.a.
2555-2559 wuinaeuien1sndeudenszdenarlalusefuivavesussmalneduualdunis
iwdsuiefinUsiunutianatlusiasiiou Tnefdnvurlnsaiaedevefindreadatuinionis
viln scale-free FsvanomnuinaIetiell node ddgyivhmiididugudnarsvesnisindeudie n
9 node drilvgluniedefunummdnlunaduddannninindud$u venanisamuin
A5 a8 vinsAnerdesdUszneudeed i oulosiuey 19ud9uns s (strong connected

components) FlunumdAyRaNITLNINITEEVRILIATIUIN (algTy Uag UNITI, 2560)

Tud w.e. 2561 lAIN1SANEINISILASIZTLAT DN 19TIANVDINITAA DU 18lA DL LAY

[ '
<~ d U [

2NAINNWUNUAANT

q

w7 Tugael we. 2558-2559 lagyinnsiiasieikensied nan1sfnwinudn
fufiugdniion 7 Builuiifdanumunuiuresnisidedaiogs nmsmveaadetiewyin node
drlngTuwaldulunisunslsauinninnissulsa esanen in-degree Hosninan out-degree 8n
FuaFernefiidnunniu scalefree network efinsanluyuvesnismunuuasdesiulsnoeed
UsgAnBam asidiuil node AugNae (hub) laelanig hub fdu cut point Fafiarudrdalunis
Fouloaa3edne Tusunsnszaredeyarnas mnEuain node My hub azsilnisnszane
Toyarnansiaaiovieidululdognasngs Tnenuin hub ndniifinudifysededuriaassd
#ud Sneviuen uar sunetuan fudu node Afvsnauniigaluniaindeudelaiolu
fufiuadniion 7 elul wa. 2558 wag w.a. 2559 Liesanilen degree LAy betweenness g4

(Wnan way gus, 2561)

Tud w.a. 2563 ledinnsAnwinisuszgndliisiinneiiedetemadsaslumsiadeudiela
deluiiufimawilensuvuresUssmelng sewind wa. 2560-2561 wuin fusznaunisilaiile
wavaaniiadilanszde Sunumddalueniedns wnsevieddnvandu scale-free network &
arundsaislumaduundsiuidouasnmaunsnszaroidelsaludaiuiisug Tumsauaulsnans
finnsannasmsludineifiunumdfgsenisiielsn Tnewduiisnedifidn betweenness gauas

[

\u cut point ve9iA30918 WeesyuuLsyTalsaegalivszdniain sunefiilugudnarandn
(hub) YaaLATEUE BedlAN in-degree Wag out-degree TIUENAT betweenness g4 LaAAITIAINEATY
Tunsidugeaudnansvesniswenleminnudsdunisunsssuiansauaulsanlsyatuiene

wiallagaddufonssuihszimadeiulazifeniisanlanianisunsie sudlddugagudna



Tunsusznduiustoyaiiobinisdeansildegasinsa M wazUssudnsudseana (@igind

waY QIgaITN, 2563)

Tud wa. 2563 IfTnsAnwinstieneiieiedienediauvesnisiadoudognsludmia
U HANITILATIZAIUTEAULATBYNUNUIT LATDU18TLATIES19UUU random network Lagdnuele
\{Ju scale-free network Tneflifieauns node winduildiauduiugideulostu node duq lu
w3o91e leRa15anAn network centralization lunmsIuvesasag1enuIngl out-degree fiAn
faun3n in-degree auanslififiudn node ludevrefiuwildufivsSunisindoudaduiuinndd

msdseanianties mnuedlukivesnisamuaulsavion stosiunisunsszuin asyaiuluf node

'
a

Ay cut point uazdian betweenness gaduguduusn liun d1neiiesan duneieinu uay
gunaniies ivelinisaivauuazUesiulsnilussd@nSamgsdn (quien uaz ausny, 2563)

Tl wa. 2564 lefinsAnmnsiesgiiaietnemsdsausesnsindoudiognsiin-senain
fuifaniny3sud ludsevwhafiousnsiay wa. 2561 fs Suau wa. 2562 neiiinguszasdifle
Ainseigliuukazaudiiusvamaiadoudnegns sufssyiiuiidswioninialse ilefmun
wleviglunistesiukazaivaulsalugnsludminyisud nan1sfnwinuin A1 out-degree vos
node lulA3atnegeninan in-degree uandlifiuinedetiefuuiliunsdsonnnnninnmssu Feed
Tniamsssuiavedlsaludanin wiedieilonialunsunsnszanelsaminnitnisiuidean
meuen Feufsdinaausnsnasmaihssiadenlunivansfiegluiufides Wud suneunsses
gLneLlaey3 Uy uazdmiauassivdun Faildn in-decree, out-degree Waz betweenness GN

AINAINU (WURRYN LazAME, 2564)

Tl e, 2565 IifmsAnnmsiiesziedotionsdsnuvesmaiadsudnelauaznsz el
wazpendiminguasvendl n.e. 2561-2563 lnevhefidnwiAesiua nisiinseviieseunquiily
sedumhegos sefungudes wazszduiaTetenansinseit fiuimuagrauagsuay oy
\Jugeddajluiedetie Tneiian in-degree, out-degree Wwaz betweenness g4 dsuansislonialu
mM3sunazaslsa wSensiduniawudiddy mﬂg‘mamdﬁagﬂu strong component agidu cut
point iWatAalsaszuin szdmnudesgefianinnisunsnszaiseserinig fnquszasdudnlunis
wdouielansedatuazesnandminguasusnd fe iesmune fafu degadgniluldluns
Nusumaihsyiseiadagnuandesu Tasauelifaensamuaunisadoudiouasnnsmuie
sdndelutinaiimaedoudroaduaroonunn sufathsslinaedeudiefinngmneiiiatoiy
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nsunsnszaneveslsaldegnsliusz@nsnn (vAasa uay vigyszin, 2565)

NNITANWINITIATIZHLATOUINNIEIALUDINITLAR DU WERTINNUNAN ) NRIULINUIN
nsuUadnianunsadideyanisiaseinseiguiasiuiiinUsegnaldlun1snaunudaviunnis
hseisnunu wavdesiulsalasgnsaunqu dedaelvnisiaunudesiunisseuinvasaludng

Musemalnedusyansanunndaty
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ASNSAZNANISAIUIIU

3.1 A5N15/AUNBUNITAIUNTS

Tun1sAn¥INIsIATIEA AT aYemedaneInsad oudelansede Wilazeansanin
upsnuL D WA, 2564 - 2566 funeulunssiiunised

3.1.1 MUUATULUULAL YO ULAYBINISANY

3.1.2 %’jumaumil,ﬁm’miawﬁa;gaLLaﬁ%’mﬁmﬂzﬁﬁﬁaHa

3.1.3 MyIATIENTeYA
3.1.1 JULUULAZYDULYAYDINTITANYN

AsAnwdiunisfnesdanssauiLuuniafaving (Descriptive Cross-sectional Study)
Tnglddoyaainszuuniseenluoygnind sudedniuazeandniiussuudidnnseindvos
nsuUAdnd (e-Movement) Gesausandayalaniznsiad oudelanszdeituazeonaindania
uanuluteszernaRIL U 1 unsian 2564 F 31 Sunau 2566 Feyaiiligninuniiasie

LRSI NEIANAMELUILNTY Gephi 119571 0.10.1 (Bastian et al., 2009)

3.1.2 YunauMaiusIUTmdayauazisnisinseidoya

AMUUAUTLBINTAIDYNINL AN

.

Jaiutoyauazdnnieudeya

.

deyaiiiiiasiziaelusunsy Gephi 0.10.1

'

JATeiveya

WlinesiAseunemelusinsy Gephi 0.10.1

v

wanIaNTIATERluFURUUN T LAz UUTHE

Al 1 uanstunsunisiiusiunindeyanasisnisiasizideya



UszynsinegneiazyinisAne

Toyamandoudrelanszlaiiuazesndaminuasmu anszuunsiedsuodniuazen
Fritnusyuudidnnsedindvosnsuuadng (e-Movement) Tutiaseninetudl 1 unsiau 2564 f 31
$unAN 2566 F9E197Yin15@nwn Traulueynaied oudie 16,451 s1891u S1uaudnd
452,455 @3 fua 582 finua

neiATIgiededns vuaniaegenfiAinu (node) Ao wvua devmnefsiufidunisuey
Uanenaludanineieg Ainsed eudrelansedodwazoandmiauasnuy drudud ou

AMNFURUSIENININUILERY (edges) Ain nstdaudalanselaseninsduaimanil

Jnnutayanazdamseudoya

suswdeyansirdeudnelanseeiduazesnandminuasmuuainszuy e-Movement
Fedoyadilduneglusuuuulng Excel uardiviaadeyasiuiuinn Mntdunsaaeuaiugniosues
Yoya (Data Validation) uazvnsdnusndeyalagltiaiesile Pivot Table Fields iednsziToy
wazasuteyalinsaud wiunmsiasgisioly

Tumsirszsidoyaselusunsy Gephi Sududesdnguuuudeyalgnieanuilusunsy
s033u Inedoyaiildsuindesgndsloglusuiuuves node wag edge eazsosiivinuzlunisulaq
Foyarielinenldau ndanldyndeyatisesnisuds TWuvaslwdan Excel 1ulvd CsV 1
nodes.csv uaz edges.csv Wil Gephi ansadniteyauazldnulaegaiiuseansnm

ihdayaidrdiasenaelusunsu Gephi

Gephi 1Julusunsu Open Source Vfl?’ﬂumﬁmeﬁuazLLamma%’agaLﬂ%ﬂhw%ﬂﬁw
(Graph) Famnzdmsunisinseiiesetemedeny TUsunsuiinmsiamuassuinnegedeaiies
Tngedtudgnde 0.10.1 Aeenlud 2023 uagiinesdunaumin ldun 0.6.0 (2008) 0.7.0 (2010)
0.8.0 (2011) uag 0.9.2 (2017) siaunlag Bastian et al., (2009)

AWIRLAT Cut Point wagasne Sociogram d@13ugn Cut Point tngldluswnsy UCINET 6.80

(Borgatti et al, 2002) 9ntutiiauenadnsuuwnuiivssndlnadalusunsy QGIS 3.36.3 (QGIS

'
v a o w

Development Team, 2023) LﬁaLLamqsﬁayjaL%aﬁuﬁ%amﬂ%aﬂmLLazﬁmmwmﬂaﬂum%aﬁdw
3.1.3 msdAszvidaya

TumsTinsziteyailesiu n1sAnwiidld adfdmssaun (Descriptive Statistics) Litayin
A lakazkanawuldukazsuiuuvestoya agldlusunsy Excel TunisAuisuasinaus
Foyalugluuvreamauaznsil ilelifiunmsuuwasdnunsdoyaldtaaudstu msdinseid
aseuAquieyafiiisitesiunsiadoudelansede 1y fnquizasdlumsindoudie S1uruns
wAeutne uardwaulansedefignindeudne Tasasmenadafiugiusine dWelilddeyadedniidu
Ustloviensinsgiaiotnelududaly

MsmswiiAsatiedany (Social Network Analysis 1158 SNA) findnnisidesdufons

AusIuTudeyanuduiusssnitaundneietie Feaunsavitla 2 35 liud nsiiudeyasin
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Jszrnsenualuiiedns wagnmaiiviayaiinandnuissevievisngy feyaninuduiusi
susnlddusgninfviazuanmalusuuunsmuazasauminduszdn a1nduieihnisia
AauauUAssveuaTesLazaniniaToviiiiolildteyaidedniAviiudnvu nadoulowas
unumvesa@nlunieviedamiuil Hoppe (2010) wag Hanneman & Riddle (2011) T@uugii
%mii’mmauﬁ’amaaLﬂ%aﬁzhamqé’wmﬁéwﬁzgﬁaﬁ WA (Size) WargAUNUILIL (Density), anualy
msideiles (connective), Aansidiugagaudnans (Centrality)

Arruugagudnans (Centrality) vesaundninietneiididnd 4 vila

1. anudugaaudnatdlaginnsedu (Degree Centrality) iunisdumeainaundniatng
fifugagudnarsvesnadenles (Hub) Fadusumisnidvinagsanlunietie Jaldandnoudu
doulosimuniilosnanaundnedetnedug feftegnielunduiiertusasdunguri

2. anudugaaudnandlaginainaulngdn (Closeness Centrality) 1Wun1sdumINauIdn
Tnthsiifsiunmisfugaguinasenniorns fenulnddasvandndusaslfsrsnsiiduiigaly
15w (Geodesic path distance) Taldansnaududonruaildlumsiiumenaindnnis
ludsBnauBnuils lnensaniiuasndndug ngluetetiededunaiduiian

3. m’lmﬂuﬁmﬂuéﬂmﬂﬂafﬂﬁlﬂﬂmiﬁbuﬂa’m Betweenness Centrality WunisAumanidn
Tathsiifsumiaduagnu Bridgers) Woungusineg Aogunedulifidrmiiu simihilduuewdh
wiomnanslunsindedouleasswineau@ndug wasilunuimddglunsiuianssy amnuasy
suwansEnuseedanluaete

4. pudugagudnandlaginannianmesanvagiane Eigenvector Centrality Wun1sin

I a A Aa 1 a

AdnEnavesanndnnsetielaglivndnnishie aunnwenlesiuaunTnauniednsnageeguaiaz

fiAneetanvauzanieignItauBndeulesiuaindnidadninadi dreg1evean1sinely

v v v [y

VNPBSANYAIANILAINGTIIY NMTIALaTINdUAUANEAYVBLIUNANIAA (Goosle PageRank)

o

(39481 wag U1¥ing, 2555)

€

(%
| [ o a

N1sAnwlLun1sIRTIBRAIEIAYTY 4 A1 NTRUNINITNTNDTDY LHALAN LilaAUN

Qe $g

¥
a A

= a A aa a ]
E‘ULLUULLaZf’n']llLGU@NIENGU@Q?[N']GUﬂIULﬂT@GU']EJ VNULWaiguﬂﬂwuﬂqquLaENIUﬂ'ﬁLL‘Wﬁﬂigﬂ']EJIiﬂLLaS

q

wuouuImslunismivauwar Jasiulsnagaliused@nsnm
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3.2 NANISANWY/A150IKA

MnMsAnwIUI SEIineT wa. 2564-2566 imaiedeudnelansedeliinazeanaindmia
uATHLATMLA 16,451 a3e AndudwaulanseSemuiiedu 452,455 @ Tasdoyaiildanmsenn
Tueynindouinedniuazendn fiussuudidnnsoindvosnsuuade’ e-Movement) dausiiud
1 unsAu 2564 9 31 furau 2566 Sruulanszdefiindoudeiaderensiogil 27.5 ¢ (SD =
15.73) Insfidnaundeudnedesiiand 1 6 uazanniiaail 96 i Tngusvasdndnvasnisiadoudie
Tanszdefonsdaonn (61.66%) sosasundeifiodnviing (19.04%) (A1s1ed 1) Tud wa. 2564
mawdeuthelailodngfmiauasnuy Swiugsand 183,286 1 uaznszlle 71,683 i (il 2)

Usunaunswasudnenleanasagnanawiiadlut) w.a. 2565 wag W.A. 2566 ANUAINU WANINIIUAIT

v '
1 S o

AU LANTE TR NENUNLINUIUNINAIINITAFBULNYDBNINNNUN

Y

. L . Awums AaREauI du AMWIIWUMS WUUNG
a o Q']u')umﬁ’] A 2 v o o a a v a @
’Jﬁlqﬂizﬂsﬁﬂ o LARBUENE TREUNS /ANINBDNT [STEIRNISELP) LARBUENE LANBUENE
(m2) © o . v A o e
(R99) LARBUENE WIMTFIU UBENFR (A7)  NINNEA (A7)

daaan 339,977 10,144  61.66 33.52 12.35 1 80
lanming 84,497 3,132 19.04 26.98 14.86 1 96
s lliaee 11,212 1688  10.26 6.64 8.84 1 65
Tul@eaqu 10,583 53 3.6 19.74 14.21 1 50
1 Tsezin 3,621 506 3.08 7.16 487 1 30
Tvinsiug 2,458 404 246 6.08 8.04 1 54
lihlsznas/udadis/uana 70 30 0.18 2.33 1.64 1 7
Y lAeedng 36 10 0.06 3.60 2.58 1 10
Tvindnsiousiuegy 1 1001 1.00 0.00 1 1
593 452,455 16,451 100 27.50 15.73 1 9

M99 1 uansinguszasalunmsindeudnelanselaidinaroananndminuasnu
seminel w.a. 2564-2566
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Tniiia Touy nsviin Taiiis Tauu nsln

waoutuoan waoudma
m 2564 m2565 m2566

AT 2 NFINWALERITIUIUNTAAIUENELANTEU BINLALBENAINTINIAUATINUL

Tnswsnamutnazdnundsennmdulewide Tauy waznsyie

Nodes (¢éinua) [582]
\n8audaaanuavu [146]
ARBUSNEL SIS ALASWUN [366]
wndauthma+r&autoaan [70]
Cutpoint nodes [76]

» Edges [915]

® © e O

a ' § 1 ¥ o Y] |
AN 3 LEAAWAIETIENITARBUENLANTEUDL AL DBNTINIAUATNUNTENINNU W.A. 2564-2566

YukNuRUsEnalne
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31NN153LATIER A3 0Y18n151P8 oud1elanse Taiduazeanain ST auATN UL WUq
\n3orneifundotneiiifianng (directed network) Tnafifuaiifeadosimmun 582 fua (nodes)
wandudeuanuduiuslunsiedoutnealanssdeszninsiua (edges) $1uau 915 W& dslusuny
i Usznaudiesuatiindeufeenainuaswuy 146 fua suadindeuineidi 366 fua uas
fuaiiimsiadeuestaduazosn 70 sua (Al 3)

Lﬁ'af‘;Lﬂﬁwﬁﬂ'ﬁmmLﬂuﬁm@uéﬂmﬂmai’mﬂﬂ Degree Centrality Lﬁaﬁzqam%ﬂﬁﬁmﬁwﬁ

a

Hugudnarsvesniaidonles (hub) Felidvnagsaaluiotned (e uag tiiing, 2555) wui
fruanuasn i (Suneidios Ssminuasnu) fie1 Degree asandl 205 uandlidiuinsiuaiiiunuim
Hugadeulomdnluaorns Tasiian in-degree gsand 203 Felifiuisnuddgmasiuaiily
giugtanemenaadoudiglansstorniuiidus uonani M weighted in-degree Toswinuauas

a

Reg N 12,707 FeagvipufslSuauazanudlumsindlansedenas vaeiduanuesd (§1ne

Uaun Jamdauasnuw) fien out-degree gegnil 47 Yatdndiuailildusunisddglunisdseenta

] ! 1

nszde @ duaurulng (Suneridlss daninaleiie) fid weighted out-degree gagndl 1,300
FaaveuieUsinamsdwanlansylefiann vildduaiurenluunadansedeiiddaluniets
(M99 2 uag A11eH 3)

average in-degree Way average out-degree WU 1.57 wamsliiuiasevnalanuy
mMsdsooniazmsiudiviiiulaeiade vazfiAiedsves Degree Centrality 8¢l 3.14 (SD = 9.87)
FagandrAndsegiu (M = 1) eghann Ysueninluaieriedil node S1uruanndifien Degree o1
(i 4) fnsnszaneivesan Degree Min31a wazdiifiedliil node A1 Degree a3 uansliiiiu
FueTeredUsznoumemuasiuiuanndidnndenlostusuadun Aeudraies wariiitesldd
duaivhmihidugaideulsmdnlunietny Tnesuailiien Degree Centrality gagmilunuimdndny
Tumaindeudelansede Wesnannsadousetuiuadug luedetielsunniign n1suaunis
indoudnelansydelusiuaifiAn Degree Centrality geazaagliaansanmuaunsunsnszatsved
Tsalsegnafiuszansamnsidenduaniinisdeulosgedmiunisnssaedoyavienisaugunis
\ndoudgazdasananuideddunsunsszuiauasiiinUszaniaiwlunisaunulsaluiaietie ua
nsfnwilaenadosiunuidenisiiaseiieietienmaindsudislauargnslulssnaaiiou s
Rendestumsldunsmsmunilsauazmsiihsz Smuaudss msllsesiguuuunsiadeudie
Tuedetnethesyyrhfulagidunsifunumddey Jafaseansnmlunmsmuaunaziihszfilsa
AIUTTAUAIIULE 89 Iaglduinsinaudnans (centrality measures) 14w Degree Centrality Way
Betweenness Centrality Lﬁ'aiLf’mzﬁmmﬁﬁmaaWﬁmﬁﬁmiL%ﬂmqaLLazﬁwumﬁwﬁmlums
WNsNSEAEvadlsa (Ndremark et al., 2011)

mmé’ﬂmiqﬂﬁlﬂu Hub %393 in-degree out-degree 111n LﬁuﬂmﬁﬁmmL?ilaﬂumsﬁﬂiiﬂ
2 wilunsdivesnisAnyieietned Hub fo Aufidsesduintudng qafidiuazesn) Fdlsiined

FenumMsialse ilienadewesigaduiiludnusesasnidianudssdunsiialse
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T Degree Centrality
ANEDRA
in-degree out-degree  degree weighted in-degree  weighted out-degree
ALRAE 1.57 1.57 3.14 28.27 28.27
. ALiaEIg 0 1 1 0 2,

ﬂ"&ukﬁﬁlﬁkuummé‘gﬁu 9.07 3.05 9.87 927.79 114.50
RO 0 0 1 0 0
m"wmnﬁfgm 203 47 205 12,707 1,300

A1519% 2 uansanadfrudugagudnaidlaeinainsediu (Degree Centrality)

Degree Centrality

MUa in-degree  FMUA  out-degree  GNUA  degree  GNUA  weighted in-degree  GMUA  weighted cut-degree

WA 203 vued 47 vusani 205 WUBNYIA 12,707 wiaulng 1,300
iy 39 @ 28 e 73w 549 S 1212
yiAa 35  WAMTENNEA 23 A 56 viea 381 TR IIL! 1,156
GQPUY 28 wnalsan 17 ¥ 40 Tuuvay 338 whaalse 730
AN 26 VU 16 vhAa 36 @ 318 viAae 683
Tuwen 21wl 12w 32 ANy 182 walle 533
U 20 andmaiy 11 weessnidin 23 waulug 180 AN 522
WIAN 17 M 11 Tuuvew 21 pawwemd 153 WUBNNIZAR 487
ganmnan 15 vy 10 WA 18 8Adn 142 gaznszlay 447
New 14 naunalse 10 wlsen 17 fum 137 i 377

M15°99 3 uansAnAudugaaudnanslneinanseau (Degree Centrality)

Y99EUNTNLATDUE 10 DUAULSN
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L A1 Centrality
ANAEDRA
closeness centrality  betweenness centrality eigenvector centrality

AaAt 0.49 16.27 0.02
AaIAEIg U 0.60 0 0
mw,ﬁmmummgﬁu 0.33 145.90 0.06
Aiaeiign 0 0 0
ANANYIgN 1 2,179.57 1

A13197 4 wansAadfaudugaaudnae (Centrality) vosauBninsodny

W A1 Centrality
\AlAd , -
o] betweenness Aua eigenvector

1 @ 2,179.57 UUASUNRA 1
2 wuad 2,032.60 Fatin 0.457006
3 U 1,342.70 Tuumau 0.452641
4 flanusi 1,105.00 WU 0.401626
5 WUANUNR 478.00 W 0.208254
6 YNy 422.29 vinda 0.179284
7 Aday 271.19 UM 0.176237
8 Wl 220.50 ANHEN 0.166764
9 Twuwag 132.00 UUBIG 0.145291
10 wunlun 97.00 WUBSE 0.130233

A13199 5 uanarnalugagudnans (Centrality) Yosaundniesevis 10 Suduusn
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Closeness Centrality Distribution

140
130 ....................................... .......................................
120 ‘ '
110 ;
200 [ oo ......
(o' [ | S — ......
80 j :
Y — SRR — B S—

o7y Y | P SUUOAL. S, .......................................
[T | SR ...................................
40 i
30 ‘
T

10 A f e ......
0 ! L.:\é’.n—l- AabAnt e

1UIU Node

fi1 Closeness

AN 5 n5UAAIN1INTE1FT09 A1 Closeness Centrality

PNNTAIUANAABTDS Closeness Centrality WUIHAWYINAU 0.49 (SD = 0.33) AIVILAAS

Aa o [ 1 PN

Tu #19199 4 FausTieTeTnetlnsweNlesnidnvazidunau v

9

Fousefunuumanaluseiuin
A uavenaiinsnszaneiives node ludnwaumlungue dswalvidniads Closeness Centrality
lsigennin Tessadaadoteludnuneiennd node unsdwdivwiniifugadeuddnyssminangy
fneq lua3etne wi node dulnglilldideuselnddndu node Busluaiotis msdndesening
node #9q) 91900 wilsidstuenndrunn Ms3iAsEdien Closeness Centrality laggaNnsIminTg
nszaned (nwdl 5) Gaelidnlanmsuvenedetnelfietu Tnee Closeness Centrality sfag
Tugae 0 fa 1 vi¥eenagendt 1 JuegiuiBnisdunnlunsiiug d1 Closeness Centrality Tnd 1
mnefy node thuaunsnidnfe node Buq luedoteldosannismiolussszmaundeiiduiian
Turauediailng 0 muneds node ﬁ?uaguiﬁwlﬂamﬂ node 3w wioaallldideusoru node tnq Tu
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