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YA AL 2B 57 o PFNet 7 ik AL 59 e 0% G R L 483k ol L5 AR 4T
M o MR RERERGR &L - AR IE kA AL 505 v vk
B RE TN T A o Rimia WAl 7 ik# A R LeH 77 @ PFNet 7 ik
BIEAMKIMAGER EER TR TR AB AR K
TRFEF — TR B TR A MUY EIR - RHXERELSER
A&k ARG Bl e B RE ¢ R R ARBRAR R A PFNet ik A A
I R T o BAFT R LIERA A THNERBEERS
WFEM AT R MR T > RERIWRDEEI WA S o AHF
RAES A AIRBLERELG - A A ARPTHRALH LS
& H o BF R RIS 1 24 PFNet 7 ik Ao AL BEAR AR F ik A Al
MR XA EERARERERAREIAGTH - THANRSH
IR FEKR S Fo B AIRIE LA R L LSRR P A ~ ik
Wihfe e FARM > TAMLIT R EANIETF -
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BWECHMEEZMIORENFZ(L (information visualization ) FYREZEL 7
FERGEENGTEE - BB SO B IR E DU A DL B AR B A5 A1 T
T8 (visual thinking) FYEZR - RIBELEIE L 2HYHIEE (patterns ) %
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s AR EM AT REEET DI SERTRE » (EAHRIRY B AR B B AR s AT it 22 il -
A —ERAGRFFE BB T H o HRPEEAR R R SO T RE 255115 |
FFEEISCRR - fER At OB L HEEIERE - — &S brIbtse s
F G SRS | FHE R EGERRE B S TR AR DA B 2L e % SL R AR R
HFELLS | R R BRI 455 [ 2R3 (co-citation counts ) FfE5TEHE (ATFHBEFRED)
FILAGARE B R By ) B 22 K (vector space model ) B P {5 FH IR B3
ik o AR RIS EIR0RS R - KRG B = R - FEHEE
SRR - AT A B PR B AT R D R T RE R R BRE - ]
FHR A LS SR RTS8 R TS ( Borner, Chen, & Boyack, 2003; Morris, &
Van der Veer Martens, 2008 ) °

FRe 5 7 AR B TP RE 2 B am SRR FERA M - & EN B LRI T 9 5 ZEAR
S AT R RERF PR DL G S IR AR 1 - R RE S KBS LR B nY e JP B -
AEHE AT i SCERHE 2 REE FAYALE - S5 @R Ey " #8% 5 (ordination)
(Borner, Chen, & Boyack, 2003 ) * EER i 2AIEAUIFTE FRE T » HEEE =K (net-
work) FY 28 7 20U H E R B R E AR - S e e 1 T oe 3 5
MRS AR 7 S AR AR SO BN i BE RS R HiE - % s
ST EREUEAE AR DIPEAYRERRUR - EER T ERBITREN T E - HE
FHLG BERIR PR AT/ RS S  ERORIERE R R R AR - it
Ja il EREAEE (Small, 2006) o HERSHEIE R AT DAAEL T T n B et
i FEAE R AV ETR BUEAS R 2 BN I A EE M - TR
B FTERRE (intellectual structure ) 5 FEIN_EREEE 53T (network analysis ) {EHE
HERPEEHES (Borner, Sanyal, & Vespignani, 2007 ) » {5 #g5% Ely 2 31 50T DL
ST BRI LV (centrality ) » SFEHSE HIFLE RS ERRE SRAYRATR (Chen,
2006 ) » {HFFHEE b2 Seh 6 B L H A A i 72 SRR Y B 2R 9T T RERF Al th
[FIRFEAE T —(ERTE « MBI EGEEZER - SR
(1SR e B SRR s S A i WS e B 2 I E 0k (Chen,
& Morris, 2003; Small, 2006 ) °

SRR AR - AR R EOR R LT 0 DUEE BRI iy —
FEIWL W R SCAIAHBR M R S BRI 2SS - B
FEam R TEBR TR R TR AR I - L ERYE B 2 R R AR -
HEATE TG - W] LUE R 538 A it S 36 5503 28 W RE FAH B 1 F K Y B S
TEEE _ERL g BER R BRI EESE - B4 Kamada-Kawai #5374 (Kamada, & Kawai,
1989) - {HAFEE A DL T HIRTE © FEAHRE R BEMAERA » ZHErE
& LRl ssaR - REE S 2 BRI AURE - HREHERHEAREEA R —
2 [ R RF B 2 B A Y BT B B RS AR R DL S BB AES  S94h » 1R R
ST RERY - FREAKIEE T A B FGEEER R IURE - A S AN — IS
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R o AN A MR B H Y T BRI SRS 5 (pathfinder net-
working * AN fEfE PENet ) FIEHE1S E153 Ry e 7 Bf (cohesive subgroups) Y
Uik 5 (community detection ) SERR AR EHERS B &R AL, -

H PENet {5 505 E A R & A B2 AL » AN m] 5 ) 1t 20 B e st 2 e ) U 78
vk o [RIREt AT AR B R SRS A5 (Chen, 1998) » [RIFLEASHEIEH]
JAEEREE (White, 2003) ~ #8324 (Chen, & Carr, 1999) ~ BA[EEE (Chen, &
Paul, 2001 ) ~ HiEFE2BAFHE (Chen, 2003, Chapter 6 ) %25 {[f 2 fli IR 72 3
RE AL © PFNet{HBREM ] r 1 g MA{E 2Bk e AR RORTaRs - 8 Seigps i
TREE T ISR T SRR FE RS 4 (closest indirect path) (ZFEFT ~ &
RE > 2007) - 280 EAHIEE 1 BIERK (o) Z[H » 2L Minkowsky FREE
FHEVIEET EIF AR RAUREERE o E o R LR o BRISAIRE SR (B R BR AR LT
A HEAS AR REE AR 5 B r R IERROKRT » AIDKA RS AR A RE BB B E S B AR B %
HASERIREE KM - 280q TRIARIREI PR AC ERERSER B » #ERITE 1 B n-1
M n FORRERSETEE R o IR I E A RAVER A Ry n—1 » KILE g=n—1
R - FORHPRIRRERA RG] o &R EE R A SRR E AR e M RFEE
PEPRIRAUREEEI - LUIRFIE PR AS R M HIBR - 7F PFNetBEEH £ » nIDA
Ml g REASHEMEE - — RS - rMgRYETK - MIERAVERREZ - &
FH PENet JREAURFE L RETIHSE » KRZ 2K r 3 E R IERK » HS g=n-1"
RS EEAS R EE R BE]N - BRI RS - Rt AR
s+ RS SRR S ME B 2R & AR PRNet JZ P (r=c0 , g=n-1)
% -+ ELEEBE R RS PSR —{lE43 3 o AR PFNet IR EEfIEE H B¢
ARG A B T RE - TR A B IR SRS RIS o ik
S3 AT A B AR S BT ST 3 RE R BB ELAE AR —BUAS R+ Chen B2 Carr (1999)
Jz Chen Bl Paul (2001 ) FIJFH Pearson HEH {25 (Pearson’s correlation coefficients )
E AR [ REGETTIRIZR 5347 (factor analysis) » $EKIZR AT EEAS SR 2 BIAERE
el AR IR R RERY 2B & o ARTIAE Bl 9Erh - PFNet BREREE K32
ST WA 2 LSBT FE » PENet BRI 7S A R IR B RENT 1% 7 1l 2 25 M5l
FATERIZZ S HTHOEAZ AR « K PPN et iR B S AR ORISR IR 2 40 ATy s 55 SR — it
TESMHEEIE b - ATREA Se iR B A — SR SRy H AT R e RN AIA 3
T EMN B REEEAEE K - (S E SR - AR ERER -

1 aim SCELE A [ B FH BRAR SRR il B B B E G 1% - A AR R
(community structure ) jRFHE RS H1 73 BEERMETRE - RS 23 BT RFE BRI RERE Ky
U] ) o FrERE AR S TR AR R — T RE P TR A B SR RS AR
AEAEAN[A] - R B S A R A S ARG » — e AE M I o AT B ik e 9 DRSS 1
(modularity ) 2RI EHAEE 23 /52 (partition ) FrEE A FREATHEERERESLE (Gir-
van, & Newman, 2002; Clauset, Newman, & Moore, 2004; Newman, & Girvan, 2004;

o
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Newman, 2006) » fAH EAVFER € 2B & 720 AT 22 F Bl Newman 55 A A3
3 o ST AREENG T BB SRR H R B (e A it 25 fi = H Bk 234 (Walt-
man, van Eck, & Noyons, 2010)  Fl21&1¥ 1S = RE/ 3605 | F MRS Tt B
W+ RS AT Rf BT R AR o3 JEAS SR T TR - PREY IST ERE S I e
H1-45#1: (Zhang, Liu, Janssens, Liang, & Glinzel, 2010 ) ; Z3HTHATI5 [ FH#EEs EE
At ST TRE - FEERESCRBPREIEAYAEHS (Schubert, & Soés, 2010)
AR — BRI SORB e M IR 5 | R AR AERE - AR E T8 -
PRATE TR FE 45 (the structure of research) » MR FHEARIIKH
SR/ ~ ZERIRFRIAIS S22 (citation impact) S & LFF1% (Chen, & Red-
ner, 2010 ) » ZEHIEAEBEE AU HT5E £ RE (Takeda, & Kajikawa, 2009 ) ; #EpH#E
WRVEB Ly RSOy RERSRS - T REE Ry 292 £ /E (Wallace, Gingras, &
Duhon, 2009; Groh, & Fuchs, 2011 ) ; Z&&iik#HEHIFT - ERESE (topic identifica-
tion) » FELIEREII O AFEL 9T 3 BRI A% BE A2 4% (interwoven ) HAE[FRE(Eco-
evolving ) IV A BjEH 1% ( Yan, Ding, Milojevi¢, & Sugimoto, 2012 ) ; FEZF| it &
TR SR T HEEEAL AR LRI &2 /5 20 (similarity measures) HU3##E (Colliander,
& Ahlgren, 2012) « SRR RHEMHITERVERER © (HRESIF|FHERIEHAIAER
MRS RIHE RS BIRE - )R B — i E{b ¥ Coptimization function) H &g 7
FERHEE ; G DU MR AIE S Eront R ERES R A PRSI K
/NERAURE 5 (o) DAAEES A B BEA BURS I 20 R - SRR SR MR AR B T Tk
4 (Wallace, Gingras, & Duhon, 2009 ) ° jit FFEHREEIEENE A RES A 42 ix
KA A s = o0 T o B8 (Girvan, & Newman, 2002; Newman, & Girvan,
2004; Newman, 2006 ) » {HFE R S i EAURERE &5 /7 = EREE - KIECRER S
HEENEA R DB ERIAOR g - AR A NG =2 A Ayt B E RE
5 Newman B Girvan (2004 ) $2 YRR EASHR /1% (edge betweenness ) B3
ZUEETE (Takeda, & Kajikawa, 2009 ) ~ Clauset » Newman E Moore (2004 ) £2
HHE &7 (Groh, & Fuchs, 2011; Yan, et al., 2012 ) f1Blondel ~ Guillaume »
Lambiotte Bl Lefebvre (2008 ) 212 JE K& & 71k (Multi-level Aggregation
Method ) ( Wallace, Gingras, & Duhon, 2009; Chen, & Redner, 2010; Zhang, et al.,
2010; Colliander, & Ahlgren, 2012) o BEARTE 7 L RE 2 2R 2 Mg
ESEIE - (HIEAR LSRRI BN N EEISHERL (Zhao, & Lin, 2010) » [k
Groh E# Fuchs (2011) FELUREREEHIT i S 0 07 E#% - FEAIF PENet fifl
BRANEE A AGAR ORI ST AR RS A AT e T A - AT A
St FASRFRE o AR AR B A A IR R — - R TR S N AR
AR,

SR PFN et Jiz B AL B (IR 1 43 1 HE A B9 SR RIFFE 0 o0 A - {H
SERTIIRSE D E B EE MR » A1 Zhao Bl Lin (2010) HERZ#E R &1L (mul-
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tidimensional scaling, MDS ) #5HU5 & =0 g #% £27% (agglomerative hierarchical
clustering, AHC ) ~ H#HARIESE ( self-organizing map, SOM ) » PFNet iz B Aljit:
PRI IR 5 AR AR S LA RAVERAK 5 Groh Bil Fuchs (2011) HYRFZEH -
PFN et Jiz BRI W A8 e T Y B AR 2 4 BRETTHY - IR i —Ag SR
Bl b o ARWFIEE AR S PENet BE B AT AHE RN IER A » SeFF PFNet fE 2
RN BRSBTS s AT B L - SR
TR - AR SEIAINERR B AR S AR ETRL o RS R R
HIEEEATT
()32 PFNet IR EERRUMEER T S+ AR B A Re S A% L AERARY
EEGEI TR - (G BRGNS S - Wnl e AT - A
TR R -
(=) Groh B Fuchs (2011 ) BYBFSE it AFAEHIFT PENet BRER S HIHEST » AIRERE
AR SRS B IR [Fl—F RERVERTERL - 7F PFNetigp% L EREEAHE JEAIRTE -
AHFFERIER YL PEN et i BRA% 72 AR TR I A0 i R v SR i Al
» A E PENet BREE UGS A IR BE R e 1Rt R 1 BF9E 18
FE R B AT DL AR R — R EBa 8 - 55 F F A Sl # i [
LTI E AR B -
(5) Xl PFNet iz B Al K #epS HE s BE - HASIEHeR K EIEE
HETBE B A TR LUR FREGE L 2 EIRIBATR - RIS i iR g sl
PRI ok [ FE B 25 S 5%
BT %45 PENet SR BRFTRE BRI R AT A0 » ARWFSERI & RENaYE
s B IGRIE SR b 98 ERERY 242 - MEATIFE AR < S ERE AR
I ERT 5 AR S e AR N 7 i SORH B A B B PF N et i B Ryt [R] AR 1 FH 3Rl RE HY ERUE
RAJHEETERE. B FIAE R SR RE 40 50 & 3R A2 AL i 25 {18 i A B8 BR ARy
& o SO IR SCE RN L B RERRE B IR A S i i A BB T B R SR & P
HERs I E -
ARG SO ELBREEE » bR T ERAHAIITERY AR B R AN - AR
B VR B I TS R TRIRS IR S350 - ARBFSE R T A R
PR N AR P TR RS 153 5 0 LAS Groh B Fuchs (2011) HY T 43 A1 THERS
#rFIPFNet B | RN RE A RRS R » BURIFSC AT s 3 & 5 LT T
gt

B SE e R
RBRHEATARBRACAITAL - A8 1T G2 R4 B S

VRS RAE - So F BR SR el B A B3R SRR ARRATE - I8 S aR AT
A SCRHBANGES > LUPFNet S g s LB ica - ARk AH R SRt
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PFNet R B A2 (RIS #1537+ 1’ PFNet SR EH B #153 irofl SRAG S e
» AR TR SCHYRAIRE S RS T RERI BT e R - DU B Gm SCHHRR 1k
S~ ESCHHBRAREES N ~ PENet fmBE - NEEREI> - ERRIEIE R « HIFe LR
IRF PR B

i SCRAIREHHY

!

A SCHHRATE A 3

!

A SRR A YL
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PFNet iz ¥
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el A

!

R e
W LR
1 ARBFREATH ARLAC T R RAL

() SCRHBA A L

AN FEAR R R SCAYRE A4 B B2 S S EOR R R R BRSREEAIRE A R SR
HIRERATE o & ST & A R SR A R B AR o — S S OCF B RN R DU HY
SR SCEOR R o FHRRIREN HBUEER (term frequency, tf) S SO {45
(inverse document frequency, idf) » 535 R fH & FHEE A0k 1T B0 H Fm S E
FENF R E - SRR LR E AR AR R
R R BRI SO S AAEER SR A AR - MR AL - R R
B A5 PERE (Buclidean distance ) 750 52 1 .2 o A am S EIEUAHB I E 2y 1 5
EHFERFF I = MBS IS IERE - Friua EMAEERETU ] - FRE—Hiw
NERHYFARE B ARG - st 5 LRI oE = RE A AHR -

(CJEmSCHRAE S AL

BT SOHERRERR Y - R — IS CE MR E Refig R —EERRS - AR
g SR AERA T - EEZETRARIRERSER o Rl A MR R R R R - Al
TEDURFAHBRATE TR RS /N E RS AR R -
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(%) PFNet iz 2

ARFFE LGRS 53 ATHR B8 NWB Tool (NWB Team, 2006 ) £2{H£1 Fast Pathfinder
Network Scaling ZMHTEHRE » Bam SCAHBANERS T PFNet BREE o Foifia i 2 158
ek o K28 i R EIRA -

(e 1 55

T AR S E A% SRS R SRR TR - {EA% i PENet lR B R & 2 T
Mg ER—E 533 o HfR[Rl—43 32 EAVERES - HEER AR SURA "TREMTZEAEIA]
Tl - KIHEARWSR R E v A 8 SRS BE S s Brya - MERRE Il E
AR EE S R -

TEASE PFN et BRERERAVMERS b » 15453 S IR R BE RS B HAth 43 S B 18D
WAEE R TE 53 S TR - A — A 43 S Al Y SRS AR A LA A AR
RS =R o KL AEFSEHI Girvan B2 Newman (2002 ) Firfg (iR
SR R 5> R RS A5 S o S RA R — KR — R E
& bR R R RSB RS R A A TS - ARG BT DTS ST R A
o HCE T RIMER ARV - — B2 LA B AR AR bR Ry 1k -
TEMIBR SR - A R —EAEHEE > (connected component ) 73%¢ » {HLUE
HIRESTHCR T RS E M WG EESEYE © Girvan-Newman i EE LIS 2L08
T H R 1 A R e % s 5 50 i R SR o SIS A B 43 TR RS Node XL
(Hansen, Shneiderman, & Smith, 2010 ) FiifEflt Group by Cluster HHET Y Girvan-
Newman /£ °

(h ) et el
HFPFNetlfz B % 7 AE A DL SRS 31 53 1O Heia A NGRS 73 ik B8 Pajek (de
Nooy, Mrvar, & Batagelj, 2005 ) » FI|F Kamada-Kawai jf S5 TEIFEAGSEYL -

PIWFZE TR

FEAETRERR #1021 - BRI S T REBUR I 7E 2 - AARBR A T
F g SR FERY AR SCE R - BRI » AL im SCE R RIRARE HESEK
2% - DUE TR SRR = AT T ERARE R AR -

= WHFERS R
AREREIANTFEERL » PFNet i B DURCHE IS # 0A E ARG R © K 17
FERITFERERAETE - ARWTFORAE TR & Bam SR 3 AR RIS R - DL

WA AT TREAVRFIE o ABFSE R Ll S 7 B T el B 1k s ) Ao
AR FE TR &y o > DUR T 23 e TR o L PENet J B, S = Rl 5 ik
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ARTRSE CEBIRER © iR - S amE AR e RS B R -

CFFEER

AR I 2 ERE Ry AR A B (2012 ) g 52 B8 1o Al - By SRR B R AR
(http://ndltd.ncl.edu.tw/) 1FEIHY 778 FEEZERE R AR SCERE » AR —
RS R R RAIRE SR AH B PR RFAL 51+ fREam SRR A B i S B Bl
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BT E SCRHBRAME RS IRF - LL777 (B RLFUER 777 S SCE R - MIFRIISE RS
BRI HRITE MR EEERY 0.1 FUSERGRR - mRARILGE] 7168 BREAGHR » MR
FEREy 237X 1072 o FLELREERES - A —EAERS -t ArE i B [
B B — RSO RS -

(=) PFNet JE BRI R

T1F G SCHH BRI % A PN et i B i B A B AN 7 & = AN F(ny RS AR &
% o R N ARRGEAS RN 2 o AR RIS LT 786 AR - BE R
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TS RAVRAIRE TR 2 BB AL R SR U s H AL R U A IR = RHRA T - ArblZka
FAAE SR PR Ry AN AR B S B S PP E R - R 2 AR 25 T RERY — BB R ER
B o BRI T RM S IURTRRERRT R A I L RE A AR SO - ARG (E
(entropy ) filict S W72 L REAE G ST RT3 DUSCRATAI T BB IE - T2 n] %8
Bl KR TR 36 JElEES - i/ YR 17 (8RR - 95259018 - ARy
5.86 o ARE L AWIFE EREN G SCBOM G- © AWFFERTE AR SCE R - H
PRI AGAE IR 88 SR E KRB 98 T - Hoam SR bE 2R A DU A A2 Al
AR5 SE A SRR S I SR 01 5 RS Z0- B S RE A i SRR SR (0 o2 0 A A I 88
R RE 98 4F » /INER 3 T REAE RS0 LR 78R - B C26 ~ C4RIC195E »
18 26 TR R A B AN AR SRR R T A AR R B - oINS > ERE R
SCRIEFEGHRED - BIAICORICIT » (HEE ERE > TR SRR F I

&1 & FFNEBIARR S EEFEE

THE HABRBE R i =l i

Cl  HiEdEF  BETH BEmR RS EIE

C2  HiH WH [ % 4 BiRE

3 1k ks e ME Sk

C4  HELEEER iE online game  #wiE 2ok

cs fE Haxs 25 fBE ETiE 3

c6 B ot BTN e AR

C71  #HHr elearning {7 EE web 2 BTG

C8  EilFEE  elearning ¥fTEE Fehe BT

c9 Bl A= Tt B3N AIE

Cl10  ®ifE FEE FsC o P X

Cll Jal% (=i bt 4 2hiffip SFifi

C12 HfiA%E BlE BaH FFa BIfE

C13 s 5h-:3 T SR iz

Cl4 BH HiRR Ei HE B

Cl5 ®&# AA TEERAE S KE JE=A

Ccl6  ZEfi FHaE FRe SRR BHE

Cl17 [ER RIE TR JiEJ7 TR

C18 I AT Hkx fhE i

C19 R PR B digital media  #:%

C20  BAf7HE  EHEE digital archives TH#JEH LR

C21  [E=EH EE= BEE itk & HE

22 fuE Nkl i EatE T

C23  [Elf% i ES AR Bl WAE

C24  HARX FIEREE g % knowledge
management

C25  HLe HIE EI7AvA T TSR

C26  Allfguh 4% BT R WA

C27 ik A st HEE W&

Cc28 (2E3 It TR BA

C29 A = R B =y [

C30 #HH HEZR Iz rh HiflG




FREHER « Fl MRS RS TR e i SE

ATERRIRFT b S A SIS A - 25 2R3

575

BEORHEMHR R AT S

HIT AT 2 2 B 26 - 2 2 A VSRR B AE R R P - AR BB E A RIEFE U - il4n
C23F1C29 537 8 (ARG SCE RN S+ HAARFTAT G HRA A E - Fhe
RE R R B R AT - #I41C19 ~ €22~ C11 ~ C21 ~ CI5FIC6 T REA
AR SCE RN A S — R P -

2 B TRERGHIAL

FHE OB ForEEE RETTEIER
Cl1H#EEE 27 1.95 1.78
C2#iiH 30 1.80 1.52
c3ztk 35 191 1.67
C4 15 L3FEER 22 213 1.86
CsHH=E 31 1.80 1.69
Co&w 28 1.58 127
CT ¥t 27 1.83 1.80
C8 &l 35 1.87 1.58
C9 x1fiy 31 197 1.55
CIOEIE 21 2.03 1.87
C11 JEFE& 17 1.56 1.09
CI2HRINE 36 2.03 1.69
C13#s 17 1.89 133
C14 B34 24 1.95 1.66
Cl55E 15 1.83 1.66
C16 BN 27 1.86 1.26
C17 E#g 27 1.98 1.85
Cl18 e 18 1.94 1.40
CI9JE/R 23 2.11 0.90
C20 B IR 24 2.08 1.64
C21 [EIHEE 19 1.89 1.24
Cc2 ¥ 27 1.91 1.05
C23 [E 26 1.74 1.90
C24H553% 34 1.94 1.86
C25 5% 25 1.96 1.52
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Abstract

The Pathfinder network (PFNet) method and the community detection
algorithms both are methods which have been widely applied to visual
presentation and analysis of research topics. The PFNet method can delete a
large amount of insignificant links in networks but also retains the structural
characteristics of the original networks, while the community detection
algorithms are able to partition networks into a set of cohesive subgroups.
However, each of the methods has its deficiencies. The PFNet method cannot
automatically find out critical subgroups in input networks and the community
detection algorithms do not guarantee nodes in the same subgroup able
to be mapped in neighboring area. The integration of these two methods
provides a way to alleviate the above problems: The output network from
the PFNet method is partitioned using community detection algorithm. In
addition, this study also suggests that the use of high frequency terms within
papers in subgroups as the labels of research topics to make the analysis
and interpretation of results easier. This study takes the field of Information
Communication as an analytic case to study the application of the integrated
methods, and the data of master theses of the related graduated schools are
collected to be used for the analysis. The results show that it is effective to
integrate the PFNet method and the community detection algorithms to discover
subgroups representing important research topics from the network which is
constructed upon the relations between papers in the examined field. The terms
with high occurring frequency in subgroups are very relevant to the problems,
method, theorems and technologies in the field of Information Communications
and its fundamental disciplines, and therefore, they are suitable as the
representatives of research topics.

Keywords: Analysis of research topics, Information visualization; Path-finder
Networks; Community detection algorithms

SUMMARY

Introduction

Pathfinder network (PFNet) scaling and community detection algorithms
are both techniques that have been widely applied to the analysis and visual
presentation of research topics (Lin, 1997; Chen, 1998; Zhao, & Lin, 2010). To



Lin: A Study of Research Topic Visualization Using Network Structure Analysis 589

visualize important research topics in an academic field, representative documents
in the examined field are collected and analyzed to establish a network, in which
nodes correspond to the documents and edges between nodes are determined by
the relevance scores between the documents. PFNet scaling is able to delete a
large amount of the insignificant links, while retaining the structural characteristics
of the original network. Community detection algorithms are able to partition the
network into a set of cohesive subgroups. However, each technique also has its
deficiencies. PFNet scaling cannot automatically determine the critical subgroups
in input networks and community detection algorithms do not guarantee that
nodes in the same subgroup can be mapped in neighboring areas. Groh and Fuchs
(2011) proposed a method to combine these two network visualization techniques
by performing them separately, but this method did not alleviate the above
problems. Instead of using the two techniques independently, this study proposed
integration of the two: The output network from PFNet scaling is used as the
input for the community detection algorithm to partition nodes in the network into
subgroups. Thus, subgroups of nodes in the resulting network represent important
research topics in the examined field and the structure of the network is able to
express relationships between the research topics. Furthermore, this study also
suggests using high frequency terms within papers in subgroups as the labels of
research topics, to make the analysis and interpretation of results easier.

Methods

Figure 1 shows the process proposed in this study and the techniques used in
each step.

Term Extraction

v

Relevance Estimation

v

Network Partitioning

v

PFNet Scaling

v

Network Establishment

v

Graph Drawing

v

Topic Labeling

Fig.1 The Proposed Process for Research topic Visualization
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1.Term Extraction: Terms are first extracted from the titles and abstracts of
examined documents as features to represent the documents. The method of term
extraction used in the study is that used by Lin (2012).

2.Relevance Estimation: A feature vector is assigned to each of the
examined documents, and the values of elements in such a feature vector are
calculated based on the frequency counts of terms appearing in the corresponding
document and the inverse document frequencies (idf) of those terms. The
relevance score between two documents is defined as the value: 1 minus the
Euclidean distance between their corresponding feature vectors.

3.Network Establishment: This step establishes a network for following
processing steps. Each of the documents corresponds to a node in the network.
The edge between a pair of nodes is determined by the relevance score of their
corresponding documents. It is beneficial to delete edges with very small
relevance scores to reduce computational resources needed in the next steps.

4.PFNet Scaling: The method of PFNet scaling used in this step to further
delete insignificant edges in the network is the function of “Pathfinder Network
Scaling”, provided by the network analysis software, NWB Tool (NWB Team,
2006). To delete as many edges as possible, the parameter 7 in the algorithm is set
to infinite ().

5.Network Partitioning: We use the Girvan-Newman method (Girvan, &
Newman, 2002), provided by the network analysis software NodeXL (Hansen,
Shneiderman, & Smith, 2010), to partition the resulting network of the PFNet
scaling into a set of subgroups of nodes. Every subgroup in the output of the
algorithm is considered to be an important research topic in the examined field.

6.Graph Drawing: In this study, another network analysis software Pajek
(De Nooy, Mrvar, & Batagelj, 2005), is used to visualize the results of PFNet
scaling and network partitioning. The visualization method is the Kamada-Kawai
algorithm and is very suitable for visualizing the resulting networks generated by
PFNet scaling.

7. Topic Labeling: As mentioned above, the subgroups of nodes produced
by the Girvan-Newman algorithm are considered to be important research topics
in the examined field. To give labels to these topics, we selected the terms with
the five highest frequency counts occurring in the documents to correspond to
nodes of these subgroups.

Results

The data used in this study
The data used in this study were Masters theses published by graduate
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schools related to the field of information communication, retrieved from the
database of the National Digital Library of Theses and Dissertations in Taiwan
(http://ndltd.ncl.edu.tw/). In total, 778 theses were examined in this study. 293
different kinds of terms were extracted from the titles and abstracts of these
theses. Feature vectors were generated based on the occurrences of the extracted
terms to represent 777 theses, excluding one that was without any extracted
term appearing in it, and relevance scores between the theses were estimated to
establish a network. The resulting network had 777 nodes and 7168 edges with a
density of 2.37 X 107, and there was only one component in the network; in other
words, the network was connected.

The results of PFNet scaling
PFNet scaling deleted most edges and the new network had 786 edges (only
about 10.97% compared with the original network) with a density 2.61 X 107>

The results of network partitioning and topic labeling

The Girvan-Newman algorithm partitioned the nodes in the new network
into 30 subgroups with the condition of maximal modularity. Figure 2 shows the
distribution of subgroups in the network. Nodes with the same color indicate that
they are in the same subgroup. We assign every subgroup with a code and the
term with the highest frequency count in the corresponding theses for convenience
of identification. Table 1 shows the number of corresponding theses and the terms
with the five highest frequency counts of all subgroups. The largest subgroup
is C27 and the smallest subgroup is C15, with 36 and 15 theses, respectively.
In Table 1, the terms are almost highly relevant to the field of information
and communications or its fundamental disciplines, such as information and
communication technology, communication science, and art and design. In
addition, terms in each subgroup are also related to each other. Thus, the resulting
graph and table can be used as information resources to determine the important
research topics and explore how they are related, in the examined field.

Discussion

The resulting graph shows the scope and content of research topics in the
field of information communication. Using the graph, we can clearly see that
some of the research topics in this field originally came from several fundamental
disciplines, which are communication science, library and information science,
information communication technology, and art and design. Innovations and
impacts from the application of information communication technology on
business management, content creation, application services, and user experiences
are also important research topics in the field. The above observations confirm
Liang’s (2011) points. In addition, “e learning” and “digital content”, both located
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Table 1 The Terms with the Five Highest
Frequency Counts in Each Subgroup
Sub-  number i1
group of theses Terms with highest frequency count
Cl1 27  Chunghwa integrated digital magazines telecommunica-
Telecom marketing television tions
C2 30  programs video broadcasting movies television stations
C3 35  female experiences consumption Web pages male
C4 22 online players online game forum female
games (in English)
CS 31  auction network transaction trust players
C6 28  school teaching elementary players grade
children materials school
C7 27  teaching e-learning e learning web 2 e-commerce
materials (in English) (in English)
C8 35 information e learning e learning skills employees
literacy (in English)
Cc9 31 art members research and elementary creation
development school
C10 21  actions features Chinese usability documents
Cl11 17 styles graph shape art flat
C12 36  digital creative learner evaluation creation
content
C13 17 story children reality reading experiences
Cl14 24 reading publishing movies readers e-book
C15 15  animation talents game industry  colleges creative
Cl16 27  locating signals dynamic wireless LAN  tracking
C17 27  group family telephone stress health
C18 18  attacking communi- group protocol exchange
cations
C19 23 presentation digital projects digital media  departments
media (in English)
C20 24 digital navigation digital archives  museums archiving
archives (in English)
C21 19  libraries librarians library community readers
collection
C22 27  colors printing chromatic memory detecting
aberration
C23 26  images retrieval noise copying image quality
C24 34  performance knowledge channels customers knowledge man-
management agement (in Eng.)
C25 25  music perception independent industry marketing
strategies
C26 25  portals cellular phones electronic loyalty involvement
C27 36  transforming tags visualization algorithms investment
C28 20  advertising  make-up blogs strength placement
C29 25  blogs search people reliability search engines
C30 25 newsreports frame image China encoding
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in the central region of the graph, were the major research topics of Masters
theses in the examined field. “E learning” and “digital content” integrate multiple
fundamental disciplines of information communication.

The resulting graph is compared with the self-organizing map generated
by Lin (2012) to reveal features of the two methods. Self-organizing maps are
good at showing the overall structure of the field. However, the network graph in
this study can display the local linking structures of the field, demonstrating the
membership among theses and their related topics.
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