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A A AR 89 Word2Vee X F YL 3T » AR ST p-da 'y o v g
EBEH 5 4 RIE 0~ $h Bk~ W00 5 P o A e 2 BT AR HA
BPEFE T E 0 BEATARTIAT FZRAARGER - A RE
RIGh AT A E A FA M > AR BT H T B
b EREE  TRAGRF R  BORFETHEHANER -

RASESA - AR E S AR EH R EREEER B
A5 Word2Vec

T B AR o IR BRI 75 K BT SR - o VL BT Bl FRCE R S
B AP EHEENFEEER - ERRBREIMENA - fEEEAER T
HWEAHFAR FErZBEHEMINER » bR T IR SerIEHE Bh#ta T A3 (https:/
stats.moe.gov.tw/) IR LB HRWHETE RN » HETFEBUR & R BCE
75 (http:/data.gov.tw/) b » BEES IR TEF LR ERYFIEE R - AIHE R
EFRIF » B0 T RERR | #55 Chttp://www.unews.com.tw/) {82 F] FHBURFEE
o PR BERCE AR LU R - MR TRy 255 -

HRAT KR R E S A - BB R - HBIN TR
FrfE 22l A ERL » e BERENTEET S - A thaER it R A2 E R
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i BT B R AR GG TR 2 R S B BCE RIS U LA (UNESCO)
" BB E B EHE 348 | (International Standard Classification of Education, ISCED )
BIERY - WBREREEHEER - IMLIRBEERTK (BOEE - 2007) - E£HHD
B RRER b IRBHEINREI96F-E AR " i REBEEE
FERHERE M E (B4 RIEIE) ) B RSB R AT  #h e — %
b~ ERFTEHERNEANNE - QUREREEE - ASCREEE ) E S - HEE TRy
FETEER > R EFTEM R 2 - 2 BINBN T BUA K S 2R e e sk
(9T QRIS AR o BRI ) BT B e T BE L T EE R
BT RR S HEEME ) - A — KRB B SCER AR Fy T A SO BRIk | ~
FASCERRT BT rREESCER A | o LAh - RSB SRR IR I A RS I~ 5
BRI - QIEE R T HAL - 103 5 EERYFHA R A DU R A B A S E Ry T H
) o T ERRMEHE MR | LR g RIVERL M EEERE RN FRE (subject matter) FYFH
PR E TR - R AF 2R P 2 R e M By 1 S 2e ks E HIY
AL - WMELELLRTRC T » @8 R ] R I TE S M TR LA ]
BIZHIECE RHHI & (UNESCO, 2013 ) -

RIEL - 352 R eIt B R ~ A M H RTR SR G e R R AR A
SRS - A E AR TR BRI S SR s Rk E B RMRNE SRR
YRS SORTREETT SRt — 0 BURER 2 iRIB 2 R AT B IR E (B0H
#E 2007 » HID) » 5@ BER MBS S RERT G R R B 58 R B 2 AN B
AT TEE R PR - TR EREANE B - T A A R P A i i e e B
& WE A BRSPS A TR B RIS ERERE - H— 0 BURRIEET
CErHE - BEASIRG - EfiToe LRyl 2 2

FrAAWSEE A EAI S T B R ek B HME R T 1R Bt E RS
WP BRI S —EER] ~ B BB 5 - fEAANER T Rk - -
P EEME2 i R AL R 2 HRIE A SO B B e LRSS - BEARTS AL 2R
PRy ERERIRERE 35 (87 LLA - sl R SRS BT 7E R - AR EUR
AT R BRI S 3 % - W]EER 2 R TR RS 2 S B2 B 92 1 - AR
TR 3= REAH [E] BAET R P il L S A AR 2 i R B R st EaifER —

1ISCED_EJMERIEAR B AL Fyprogramme » FEHANEHIT SR ARG AT - SHESHA - 1y
TRGLESTBE - LU DURFr R HER -

2HAMER T S e AR UM HARTERY T vh 3 RS H TR R R B RHEE M (BR4REBIE) |
QRIS ~ ERFIFIEREE S BIEHEEILS CEDERRHEE M BRI A (broad fields) ~ Hip 3
(narrow fields) K/N3HH (detailed fields)  © BESREANE T S RARER AP MR BT
FEAPHTHE MR AR - (EAZ—8 ASCRLER R R Fy TSR E 1, -

SIRPEHEAHETIE (2016) MGG LATCH - i REEETE R R 2 RPHEE N A BT 2R ]
A R 54 RIETERR » 3T H TR REI964: (FE7T20074) EH - REIERZHEISCED
19974Fhi  BESKAE LRI IERFE T -
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BRI R FITHE RS LEANE R — B2 FT B SR T AE ST SR 7 SO &R 3
FREL » ARWFFE LU BRI R S0 AT B » (S SR EORAARELYE » SRR EUR
IR

1. H A ARG WHE R BRI LAY S PR T AT Bl - A
WA FAE S B BRSO B RAR U - (TSR Z R E - S04 SR HE
HESPRRAR LA BRI B B R -~ 107 B JrUAR o JECR AL P AR S TRELAR
(SR T L -

2. AP ge st R 2 TR R AT R AR E % B AT A 2 i R - (HEER
AR R P Rl R B ER T P AR AR » [RIBE - AW E
B PR (A E— B ERF TR R R AT B I B R — Bl W T BRI A — B9 5%
Fr - HEMTERE R B LSRR R -

3. WA —BCRATHV T S R B R S B2 TN 282 FTAR LR N © AHT
FURHE R AT L FIEARATERERT - SRR SR P IEA—BR AT - MRS H B
RIZ A AT AR NIRRT - BRI LA P e HH G I SR A
EHARRESIT & ST B SR AR

AT & F R F BT RE AT S RS L - SR IR A By 225 -

L SRk

L AT I P S0 A R A5 AU P BT Bl R e B L AT HE 7 R A TR
ERGE R I 43 BECR A B B AT RO FE 3 3% - ERR b - SRPTVER Rl B ml i Ky
— AR A [F] AR SRR 553 (field delineation) J5= » 1 H RTZER S AOFSE
o KRB AT 53 B R (journal classification systems ) HY = BRI R i 52
5 o KIEARWTSR S S BA T E B E T o AT AHRR I SE - ORI R
Bl 2% -

ERHBAI e+ i 4 0 F A S i e Gy A 43 JE R 2 Web of
Science f1Scopus FERHEHEFTHEALAIHTI T RERH » HIRIKIE 38 IfE & R} EEED
HHEMAIATIEHER » RIREEEE THE TSRO ER® - 2t
FHE I R TR - W REFZIIEE AT - 78 WoS _HERIfESFER
i —MER BA 250 fEXERIRYEER A (a system of categories) » S3—{EHIEH
G150 ERTFEEIRII T FEEIR A (a system of research areas ) ° b7 » 55—
AR SRR &R 5 85 ESI (Essential Science Indicators; Wang &
Waltman, 2016) » ##% Leydesdorff Ed Rafols (2009 ) FYEEHH - I1SI (HHEkE WoS
FiE ) B EEEERERE 75 | (citation patterns ) ~ BT EE A4 Bl B 52 5 By
A - HWA B EATIAED | IR B S [ R R BRI R - ARl
BhEE TR -8R (Pudovkin & Garfield, 2002) ° Scopus FUHTFI M EA R 4
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FsASJC( All Science Journal Classification ) * 73 FWafE g # » &G 304ME%XEA] »
g R 53 R 27 B R EE R - AER A SUREE BN H A BRI 2% /720 (Wang &
Waltman, 2016 ) °

IR LA EATI S BRI A i s 735 H#& 8 (bibliographic disclosure ) *
AN FIIR o BT R B R AT il 547 (latent structures; Leydesdorff & Rafols,
2009 ) * Glinzel B2 Schubert (2003 ) Kl W 5EaT#E (research evaluation) HY
ok o R 15 E R ~ 67 R e —1E 2 FIEEHE (multidisciplinary sci-
ence ) I HERMRE » wT ISR E I B dm SRR

BEAh - FF IRy - DA R E A AR SR B M B — B M 5
FHEAE - KIELFIFHEERREEL (clustering algorithms) » HRIZHATIRYE H &R
FEERTE » KA 53 B - REAE A SEF - 7 EORHBE) (data-driven) H9433H
Rt o BRHEREN S BRI AT R 2 Rl IRAZ B [ (cross
citations ) ~ F:#%5 [ (co-citations ) B33 H#E{5 (bibliographic coupling) 555 [FHE
B ERER &R - AR FHEATFINS LB ERRVEREE FS U & R IR =
WEE A | E ST AR » Janssens ~ Zhang ~ De Moor i Glinzel (2009 ) Fb#z 7 1
A A AT T I ISR A e o AR & 7 CA S A RYEREL ~ Jac-
card * Pearson FHE %% ( Pearson’s correlation coefficient) Z£{HI & /72 » Boyack »
Klavans Bd Borner (2005 ) bR 5 I I8 A5 | FH LASe 3 FdF S48 [ HATIAEEL
MEHIE SR - HEF8EAE A FEEISHEREM: (local accuracy ) ~ AEFHEREM:
(structural accuracy ) ~ FJ#EFEM: (scalability ) DUR AR AVEERE B 2K

1EAIBoyack % (2005 ) HYAEE - BEARNE Z A RIRYIATIBERM - a4
T AT 3 BB S A P B A TR AL B LR - i RV ETAS T R 5K
AT - HHRPEE A AREE i RSB LR AL G 2R ERYHAT 53 11
B - RIS ZHER 2 - KSR A AR R, - H R
B EAR R E H BRI T B LT TREAL - Janssens 5 (2009)
HFER RS SR A I B RS T30 BB BRSNS A A5 ST 20+ ARFTEaR R R3]
Sy RERA AT LR E i 43 /72

G EREFAL T 22 A 55— R B AT PO AR HE 3 BUR AT T ER » I R SR
R ERIAEEIREEE - 120 Boyack % (2005 ) F1Klavans B2 Boyark (2006 )
o YR ERHERENE S5 MR 7 EHF Wo S FUER AR R AR E - #EE TR A
[A] WoS ZE} (subdiscipline ) FYHATIE SRR AL T/ R A RERHE E Ry
[E]—%E51 o S3—{EH1F & Janssens % (2009 ) 3 F EST Y 22 il E fHOR AL HE > 1)
Jaccard FRDUI: I S BT 72 AR YA T A0 RE R A R & T P B SCE RHE E Y
FHIEIFZEE 5 Thijs ~ Zhang B Glinzel (2015) [EEEE FH Jaccard FEAAMEVE B FEAE -
LTI BRI BERIERRS - (BRI EEiATHE 2 Glanzel B Schubert( 2003 )
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151 =R - IRARERY - SMESERAL T AR R (S 2 7 B Ot e — R
IR 53 HEREE

AR AL L ST 43 R AT HERHET & AR ES—
i 53 BER MO FPALATHE o NEREEAL BE AV T & EIE S BRI A S E R 7
A0 LA e 38 AR AR R | N BB | o FRI B R A AT 22 22 o SR B ey Bk o0 A
HIST BERARREAGTERE - SH S EEERIRYH H SR THEET - BI40 - JTanssens 5§
(2009) #fiaTEAIREAE ESTHE FREXEHIH TF-IDF{H - LURA#E TF-IDF{EE
AR BB REREE » AR DA R 720 - (EHEERIEE R AT E i = S E
(heterogeneity ) FY%H}1] - C.-M. Chen (2008 ) ZE5EFF2ERTA FTE BT RS
PIRERERTAL 53 R ERYHERER » i Ny SR R R R B B2 [
P ILHESET » FTREHRAH B —1% (specificity ) ©

S—TH » EHRVERET (silhouette ) HIEEEAHATE (modularity ) HIZ &7
AR AN M ER AR - KBREH RN ES - /55
KRR MAY I TIE AT US BB — @ -1 F L 2 IR BRER(E - a0
B | P9 AU T oz TSP 827 B e NP B U TP B A ] LAt SO TR S5
it - A ER R Ry IR - AR EZIATI 4 o3 B 2158 & i KA+ S E i BB R
Bl 1 RN E#EE (C. Chen, Ibekwe-SanJuan, & Hou, 2010; Rousseeuw,
1987 ) » A P P SO PR~V R A P FH SRR B | R R R M A5 i 4
HITEIE » SET AT BRI A A S TR Sl BRI ] 1 e A R e 4328
aE o RS R E R R B B iR - B M2 RS 54T (network
analysis) FURES: » SHERAEIHT] 3 BRAHI A BC T E TR < K 3R
TR IA T e LARVERERL e PRI BRI f BB IR AR - B
I 53 BER AR S 2 515 (] — 01 PO HA T4 A5 35 SR R S A T A (R BH FIE A
Z TR ARSI AV GBI ARRIEHHEM: (P. Chen & Redner, 2010; Newman
& Girvan, 2004) ° Janssens % (2009 ) 73 A LA A5 [ FHEESOA TG 20 R BB 5
HOBELRE - SIS 228 ESTERINISEIMmERE 5 [F—igerh - i A T S
JRABAIRE R M LI EST LU 5 Y~ SOARERE & 52 AN [ 3011 B e & 5 i P E 4R
M BRI AYE o BR T B (B LY - Wang B Waltman (2016 ) 785
1015 [ R — 200 Py Jas Fr H T B apioE 28 303 FII A 5 | P R R DA R At 28 5
PRz SRk G+ RIFAAM R AT T E 825 [ (direct citation ) 284 7F
FERI N BEE R IR AR EEf] - EE#E Web of Science FlTScopus R} AT
SIS BCRARRIHERENE SR E T AN B B A AR e B | A A
BT - BREERHHE ERI R RS HA T -

It - FI R 1| SRR F e o BER e B EAL J7 =CETam - 594 » th
# LtEamte RAFREES IR R 1 - R g —THRiEnVERe - BR T EHERETE
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/ A

BRI RE AR M B RS YN

\ HHZRHFA s B IR
N PP

\‘ P P B 2 R 5347

Bl1 SARHIT1 9030 A G T 3R 7 X A S0
K1 BHINTINIA SRR 35 X B X

EAR & HERRHE T ATEAL EFE R

FEkHERErE  MNEREAG Vil SEROT SRR 25 00 KR
BAERRAE MR T [FI2H
palll: bl ]

Jaccard FHIME  HMEEEAS Vil i 52 S B HE P RER AR

TR R SAH RS T
SEH RS PIEREFL « SAERIAS Y P2 A b TF-IDFH

BRI AT LIUNINETRS
SEAIPUUITIR  PEREFAG @ SRR S A FT A AE R ST L
FPEIEEE R INAR2IER
S A L PIFREEG « fEREIA B ] TR T B 2 P85
il e i i S P pect A BEAE LA A/
SRS A B
fERE POFREEG « FEAEIA B IOy N PO o A H A Y
Vil e i 2 P e B ttf’iﬂ%l‘iﬁf%@%%ﬁﬁ%ﬁ
WITIRRE R PIERREGS | FEARIN B T %E%’éﬁﬁﬂfﬂ&%ﬁ%ﬂ%ﬁﬂ’ﬂ
51H i TR o0 A 2 B 5 % o AR A A LB

RIS - BEREE BRI AL - WAl E T -

SN ISR EIRAYGTEIN S » AI43 DL T SRy -

1. DUEAFIRYFE R LL Gl > fr s A FE R A - &1 ERYSMIEH R EFEA AR LGE
T TR T EARE - 15 SRR A B2 BRI A o B R M P 2 A AU A SR R AR
HE—3 o R BB UERE MR B R TRI B T R i S R T — (B R £
B o Jaccard FEBUIE: RIS K32 353 FE R i BEATHE S0 RECR AR B A 0 Ry B PR B2
& IR EZRABERREE AT A4 (intersection) fEEMHUEBREE
(union ) _RYEEHT -

2. LUERFI z R RO BEBEEAME UM BT S 2B R4 © KT Ry 22 f] ARG -
SRR s LABG TR 22 ] AR SRR B AR B 43 A B » R SRR AR
FE B R BN o b EARKRIFEIIE: » FERCR[R—8E0 » 22 LR
FRERAES 53 B R SRR 5 « G A5 BRI 1595 b o T BE e/ N R[]
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TE— XA - BREEBR R AT ER R E R A RIREER - 1 - BRI
iz [0~V e B iy o (5 20 i DUSE e 5 R SRR A $E A » (3T BT
Z PR R B A (DA R P R PRI AR A SO BRI S [ &R R R - H R
FilliH -

3. LUHAHI Z R RO EFE S M R - R AT Fe it LROETEL - SR
RACREIIT CUS RS AEE « 43 BECRME PTAR SR i L R AL AR A B A R BT T AL
BUFR5FE R i A% L P B A SRS Y B B o B AE (R — 2H A - BEAE (e
JAIELEFRAE - Wang Bl Waltman (2016 ) HIlE i e fEIHFI R SRS [ R e 11
ZFEIRERS o WIS [ AR R BRI AR LR - thAh - ARSI fRY
FEEE (EREEIE) AE FEMZ FRESS - 150E ke N CRERERCK ) BI3EAT)
Z T EAEA T -

4 RBRERERENE R R AT ERE - R leg 2Bk HIT]
IR SO EE AR g — AR R RS IREE - B4 Janssens 55 (2009 ) R4S FFERY TF-
IDF {EEE R EE -

=~ W ERLELRESE T

AR BUFERIBICE G _FEUE 103 09 KRR e bn 2 i B R e s
(http://data.gov.tw/node/27931 ) Ry HTERL » L3114 93,368 EHHNERL - 1
BB ERFTHR LA AR AR BB B T R AR » 5 I E R AT B R AR Y B A AL
HIK 215 G S L RMEHE M BRI A B g 2R & R - P AR E R B A
BRI R R ATE IR BT E K] - 5 R R & R LA EER ST
) PR E(TAEER - I H AR RERHEE M BN - Rkt
FH 43 460 EZENE R » 2K H 3233 AR KRB R AT EERAR - 281t 103
TR B B B i B R s B R S TE AR R T R - A emias ~ G
HEERRL RIS A B ~ ST HE AR ~ SRIEE T M ) SRS T A
Fl B -

k2 103 KA R bR S hr &k
TR K TAMER G AR

fratEHE N

BmrEE 93,368
PR LB R R BT A B 13,061
PRI EETA S 80,307
SATHEM A 45 483
TS AB 47,885
BRIAET T | ST B 44

HEJHAE T 19EET AL 93,324
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£ 103 SR B e i S 1l B R e B SRy U S B2 P - B IS TR A S L 2y
S~ SRR ST AN > nB RS -

%3 1035 K BRI AR S £ Rk
F R R AAIRAE P 8 EH

AT R i EEE RATE BETAE
HEF HEEM 10 150 1,558
PN W& gt T 10 123 1,152
PN Y& KiEEt ASCE 12 310 4217
PN & - KEE BEETER 5 169 1,683

TR B BRI ik R AT RN 10 167 1,860

it SR PR R AR SRR 8 69 689
RS ~ P Sy AR R RS R 10 467 5926
TR P R A AR 3 47 573
FHE S AR 7 100 1,174
RSk H AR 7 81 1337
Rl LR B R AT 3 49 775
e, TERAREM 5 146 1,987
TRE ~ B R i THEEEM 14 560 9323
TR ~ B R R FREE AR TR A 4 46 525
FRERSR RSB 11 72 917
RGN BREGERFY 1 10 129
SRR L Rt i I it A4 B 9 251 5048
SRR Rt im it e AR B 4 65 750
ke ik RAEEM 9 315 3434
s <E Lk TR 2 3 23 264
ke 2B bk IRETRAEEY 2 7 90
Pk Qi T2 2 1 2 22
HAh HAh 2 4 27

R 3EIR P RE - BRI/ MRS FEEMEAHE 2 S
FA o~ CRPTELECAT o BIANT TAZERMT ) T RGSE RE B ERFT o T R BER AR AT
PASCERRT S BUR T RAEERFT ) 55 - R4 #it 3,000 2 Al > 200 {18 LA 1y 5%
it - (ETEREEERFT ) T EREEORGEERMT | DUk T BB L 28R ) Ry NI
HAE 108 DLARIRAT » A 21200 (226D - 538 VUE R AT B SRk B 2R FTE0R By
At

(=) R [ B B2 T R A AR AU TR A 2

AWFFEERE Rl —2FT N & R R B R FE A A R AR IR - st
[Fl—22 & R FTHY S T B R E R LEAN R R IR SR A S R tE L » e T
W &2 R R R S RARIE - AROFSER 2 R B AR BB R &R
TR AERSRIT S B R - AR LB SR AR L -

EITCF BRI LB - HRTRBEARGE SR TIER S BN
LAY | (bag-of-word model; Turney & Pantel, 2010) » RS 3CFER} - HIEAE
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oM BB R A AR A o BRI g E R — R - &k
T T A BUE AR — TR AR SR FHIREE (weight) - SCFERHRIRIEL
S BEIEARA R ) R RRYAR LI LU o SR GRS A S T B RV (Le &
Mikolov, 2014) : 1. GAS AU S E FrIGERY (N BER @ I LAY - BRZEAREE SO
TICHINREE - 2. RIS B L E A KA EFAFE S S - BEGAREE EHE
M EA—EFFEITE - RZERENEEEGNE - 3. R &R LEFERY SR
RIE % - BE A R AIHER (dimension) MHE K - {HmE_ERYEIEAHEFBR
(sparse) ° [LAM » FEARMTGEH » BR T DB ER - XXFER LG
b IR FHEARE ST » BT E RS ER NI &2 B R E e
/1Y " R%1EH 5 (unknown words ) » HAETHYH BT (word segmentation ) S&ffi1E
$E5E R IEMER Y] o3 T IR EIE o Ryl sa st SR ehaR - BEGHIT ARl
HEAEAMEEARNAE @ BT EEHEERN D EECELE T ER - A
FEEEE LI (character) Ry SCF BRI ELAI AL o AR R LB BN » 20
HfRE B SRESHIRASAAY - FEEfT ) BRI - SRR E 23
ERH SRR -

o fAER B |l FRI SR IR . R SOIRAS ~ KRB e AN =S B
[l EE AR SERIRE » ARWFFEER F Word2 Ve UR SC &R ELE 7 = (M-
kolov, Chen, Corrado, & Dean, 2013 ) » {F {522 EHRART LI ARTEERPT » 53X
TR L E T RESEIS R A BUARLME - Word2Vec & —FE T AHiHSHEE 4 (artificial
neural networks) FYSCARBREIAR T REAF AR SCFE R LI E H B Ry FrRE A
FCE FERIRF I & o RNRIRFARER » Word2Vec KBHEEARRS LN SURE&HY
BfR - A AR A B AR M I B R T _ AR R A RE IR GE R
S+ T H Word2 Ve c A W R ) S A 3 i S8/ MR Bl SR B Y R U =4
B o ARWFSEEL—f% Word2 Vec FE AN REIRIFER H SCE o LA R iR BRERAT

&3t Word2Vec P& » fF— 1l HBRE B2 e B R AL ERYh S ~ BB L
Be B SCGAAR e R —(E R IR AL, Gensim £2HE7Y python RAZEHETT
Word2Vec FJETE °

BN - AR E RN SCFER - BRI EENR R E - SHEEARE
R E - WLAEERR N BLR ESOR R AT AR A IAE - 1S B
R 7 o BRI RS SRR EERARZE - AR
FARR & R PRy ST TS EAEAEREBFImE - B 2300 7 AR -

1E Word2Vec #2FrHp » 5 DAERIZIHIE (cosine measure ) flif { SCFE KL [H]
HFEELE  RItL - EARRRIIRIEC R - FTHHERILIIE AL G R < I
s R B - AR AREFTRT R R A & A BRI R - AhETHE
P R FE RN -
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HEMEME R oy g - 2 e = CREEN - & G - B2
&S (G EE ] E ] E E E
T add . add _add
e H H
_ “avg
s

B2 AAEHEEREAHXFEANEL
APre el Era e MmATEE

(=) 3 A B A B [ 5

AWFEE SEARB 2T AR i B R B ERIARELE - 20 b SRR HE S
KRH BRI R RERISERE » MBS0 LR R Y BRI 0 BURAE Ly
FoEb ) B[] - 7EEH - KR FHGER RS g SEHF (agglomerative hierarchical clus-
tering, AHC ) {3 ZE AL R T A5 611 ( dendrogram ) FIZ5#fE X 1A (multidimen-
sional scaling, MDS; Kruskal & Wish, 1978 ) HYE{FfilEl (scatter plot ) » ZEiii &1L,
JiE i ST A RRE - BRI RS e SR R R B S R BRI - R
Al —/NERRUERAA » SR AR QR MR - AR DIERILI &3 BT
FEABLTE -

BN RETHE A BN Em BT - DAPIEREEAS 7 =NERE S B2 R A 2 i
HEN—EESE o LlanssensSE (2009 ) HI & ESUE RS EGELERIFE RIS
ARWFFER R P R B2 B R AR+ B RR RATIVIREE © KA i Y ET
1B s; BT T 202 R a% SR Pl B AS B B2 P P At 2 P o T AR (U SRR Cay) 386
EFZSR A BT H AR SR A AR B M (b,) WIE R ARA & TR e KM
(max(a;, b;)) °

a;,-b,
max(a,,b,)
QNSRRI i R AL s, KIR 0 » SRIREZ R A B il B = B[R] — 2 IR SR A
b - BREAERFTE AL - SR 1 S llEEE
R FE B DL A R SR P BRI A2 25 e —ER P S E i R
R RYIER - BB & R AR BT B R — 2 LAY B Al R AR

S def

jdef
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L [z BT SEElm ER (E/ N B E BSERY 0+ AIZROREEFT A TR
HE SR FTHY 200 SR B B2 P Y HLA R T AR, » SEBGEL TR 5 F Lk
T IRIRE -

AWFEHE— 3 i BB FTINEA — B2 P - HET B R & R B e ELF
WS » AESERTE R RE R TR EERT » v —OHSHIRLGR TR SARILEERT -
REEZR AT ELE (A TR R T I B R R o UM T RE 23R
FrA S M - A rlRE R H AR S R E R A SR E I ERT » &
FHI R AR FEAT E G AERRT o ARWHFER AT 2P IR E T - Ry T 5
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Sung-Chien Lin

Abstract

This paper presents a series of analyses of the Standard Classification of Fields
which was applied to the classification of all departments in universities based
on measuring similarity between text data of the faculty expertise directory
from open data provided by the Ministry of Education of Taiwan, and suggests
some possible directions for improvement of the directory and the classification
system. The analysis techniques included the Word2Vec text matching
technique to estimate the similarity of faculty expertise, the methods to expose
properties of the classification system such as hierarchical clustering analysis,
multidimensional scaling analysis, silhouette testing, distribution of fields with
similar expertise set, and statistics of the similarity between departments, and
a variety of information visualizations to illustrate the analysis results. The
results of this study show that in order to meet requirements from educational
statistics, policy making, and academic exchanges, the organization structure,
organization scheme, and data quality of the Standard Classification of Fields
should be improved.

Keywords: The Standard Classification of Field, Open data, The Directory of
Faculty Expertise, Silhouette test, Word2Vec

SUMMARY

The Ministry of Education of Taiwan collects academic expertise of all
faculty members in universities in Taiwan and publishes a Directory of Faculty
Expertise every year for higher education system statistics. In the directories,
each department in the universities is assigned to a broad field (BF), a narrow
field (NF), and a detailed field (DF) according to a hierarchical classification
system which is a modified version of the International Standard Classification of
Education (ISCED 1997) developed by the UNESCO. The field assignment of a
department mainly depends on the title and the subjects taught by the department
(Ministry of Education, 2007). The aim of this study is to suggest some possible
directions for improvement of the directory and the classification system. Thus
we performed a series of analyses on the classification system based on the
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assumption that the expertise data of a department can represent its subjects and
the text of expertise data of the departments in the same field should be more
similar to each other than those of departments in the other fields.

(1) We analyzed the relationships and clusters among all of the NFs in the
classification system and then compared the results with the BFs which the NFs
originally belonged to.

(2) We evaluated the coherence for all NFs based on the similarities between
expertise data of the departments and visually presented the confusing NFs.

(3) We identified the departments that had expertise data that were less
similar to those of many other departments in the same NF and explored the
reasons why they were incoherent to others.

The faculty expertise directory used in this study was the version made
available in 2014 (http://data.gov.tw/node/27931). The total number of the records
in the directory was 93,368. However, those records from part-time faculty
members, lacking field information, or displaying “None” as their expertise data
were excluded. As a result, we analyzed 43,460 records from 3,233 departments,
which included 8 BFs, 22 NFs, and 148 DFs in addition to the “Others” field.

Before analyzing the Directory of Faculty Expertise classification system, we
estimated the similarity between the expertise data using a technique of artificial
neural networks, Word2Vec. It was proposed by Mikolov, Chen, Corrado, &
Dean (2013). The technique of Word2Vec can transfer all terms occurred in text
of the input data into feature vectors which preserved the syntactic and semantic
characteristics of the terms. Since most of the expertise data used in this study
were provided in Chinese, we used Chinese characters instead of Chinese words
as the Word2Vec input unit due to the difficulty of Chinese word segmentation,
particularly when it is applied to the expertise data full of technical terms. The
vectors for representing departments were generated by summed up all the
corresponding feature vectors of all Chinese characters, English terms, and
numerical values appearing in the expertise data of the departments. Moreover,
a vector for a NF was generated by averaging the vectors of the departments
assigned to it. The similarity of expertise data between two departments or two
NFs were then measured with the cosine value between the two corresponding
vectors.

We used the techniques of cluster analysis and multi-dimensional scaling to
reveal the relationships and clusters among NFs. The results of cluster analysis
showed that all NFs were divided into 3 groups. There were some BFs with NFs
that were all clustered in the same groups. For example, the two NFs of the BF
“Agriculture” both located in the first group, all of the NFs in the BF “Engineering”
located in the second group, and the NFs of the BFs “Humanities and Arts” and



92 Journal of Educational Media & Library Sciences 54 : 1 (2017)

“Social Sciences, Business and Law” were all in the third group. However, the
NFs of the remainder BFs were split into different groups. The NFs in the same
groups as the results of the cluster analysis were usually mapped into the positions
close to each other based the results of multi-dimensional scaling. Moreover,
there was an obvious separation between the first group of NFs and the other two
groups, but the second and the third group were overlapped with each other. The
overlay were caused by that the expertise data of the NFs “Architecture and Urban
Planning” and “Design”, respectively in the second and third groups, were very
similar. In addition, the expertise of computers had become common for a few
NFs in the third group, which originally was unique to the NF “Computer” in the
second group.

The coherence of NFs was evaluated using the silhouette test (C. Chen,
Ibekwe-SanJuan, & Hou, 2010; Rousseeuw, 1987) based on the similarities
among the expertise data of departments. Firstly, the silhouette score of each
department was estimated. Silhouette scores are between 1 and —-1. If a
department had a higher positive silhouette score, it indicated that the department
was more consistent with its assigned NF. Then, the degree of coherence for an
NF was obtained by averaging the silhouette scores of all departments assigned
to it (Janssens, Zhang, De Moor, & Glinzel, 2009). In this study, the results
of coherence evaluation were less than satisfactory. The averaging silhouette
scores of many NFs were negative values. In other words, in these NFs there
were a lot of departments of which the expertise data were more similar to those
of departments in the other NFs. Therefore, these NFs were easy to be confused
with other NFs. We generated a heatmap to observe the confusion among NFs.
The heatmap showed that the confusing NFs of an NF and the NF itself were
usually observed in the same group based the results of cluster analysis. For
example, the NFs “Veterinary” and “Life Sciences” were both of the confusing
NFs of “Medicine” and these three NFs were all members in the first group.

Finally, we selected departments with the highest numbers of similarities that
were lower than a pre-setting threshold and considered that they were inconsistent
to their own NFs. In this study, the NF that had the highest number of similarities
lower than the threshold was “Business and Administration”, followed by
“Transport Services”, “Life Science”, and “Mathematics and Statistics”. In
addition to having more unique expertise than other departments in the same NFs,
the reasons for the departments being inconsistent are that the numbers of faculty
members in those departments were too small, the format and the language used
in the expertise data of the departments were very different, or the departments
were set up for interdisciplinary learning and thus their expertise were related to
many NFs.
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In view of the results above, we present the following discussions and
suggestions on the classification system of fields, the quality of open data, and
further research.

First, the classification system of the current directory utilizes the academic
subjects of the departments as the directory organization scheme. Thus the
determination of the subjects of a department is based on the title. The results
of this study has confirmed the feasibility of using the similarity of expertise
data to analyze the classification system. It is desired to improve the precision
of similarity estimation between expertise data and then to apply the estimation
method to the organization scheme of the next classification system.

In addition, the current classification system also utilizes a top-down,
hierarchical organizational structure and therefore the fields do not overlap
with each other. But it is difficult to assign an appropriate and unique field to
the departments with interdisciplinary background. A multi-label classification
system is possible to fully express the diversity of subjects in those departments
because it has a complex and flexible organizational structure. However, its
complexity and flexibility also makes a larger cognitive load for users and it
can be difficult for them to form a cognitive structure about the entire system.
Therefore, it is necessary to carefully consider the feasibility of applying the
multi-label classification system to the directory of faculty expertise.

According to lessons learned from the analysis process and the results,
the quality of open data is worth more attention. The Ministry of Education is
recommended to develop and provide guidelines and examples for data providers
and check the format and contents of data to reduce possible errors. Moreover,
it is possible to develop text processing techniques that can help prepare data or
detect errors to decrease the burdens on data administrators and providers and
improve the data quality.

The possible extensions of this study include further performance analysis
of applying the Word2Vec technique to text similarity estimation and the study
of multi-label classification focusing on the problems caused by the departments
with interdisciplinary background. Using words or characters as input units or
different length of context both affect the Word2Vec performance and it is worth
further analysis to obtain better results. Comparison of the traditional TF-IDF
approach and the Word2Vec is also needed. Developing and evaluating a multi-
label classification system are still very challenging.
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