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Keyword extraction method using users’ mouse behavior

AN 1
HE CHUNYANG

AR =2y FOERICHV, EFEY = TIEREFRIBRNZFEL BT, ZOHT, 1§
MEEHELENT 27200F -V — FZHERELRZEE R LTV, F—7— M4
oSBT 2, 2O TOXHFNORHEE W2 FiED O FE OB E % Fn/-FiEE T,
ZLOFHEEIXEIBRICEHLTVE 300, LMD 7 4 — KNy ZRIEHT 2 53D
D7, AEX D HIE A S T 2 OHAFO RS ¥ X —1TEIZ VT, #MiXo
F—U— REHHHT2FEEREL. TOMBEOBEINEERIET 2 2 TH S, FBRBMEN
M RBE T 2D RA X —HEh, HE, Z Vv JRBES VAN T v Il ko TR L.
BB L > TEANE T VXV T RIERT 5, R—RF 4 Y FIETIE TF-IDF Fike
TextRank FEZ W, K, BERY F-2a 7 IZESWTAFEOENEICOWTOREE L
EREE2ITH, FHMAERBROMR L LT, REFHRIZ TextRank FEL D LOMREE S0,
TF-IDF FiE e N TETF XOMREE LN 2 e o REFEOEMEELRT e TE 2,

Owing to the explosive growth of information, keywords play an essential role in
summarizing information and helping search effectively. Most of the existing keyword
extraction approaches merely focus on the document-centric information, without well
incorporating users’ reading behaviors, such as the mouse-related information. In this thesis,
we proposed a keyword extraction method that incorporates the mouse pointer behavior of
the reader when browsing academic papers and conducted an experiment to verify the
effectiveness of the proposed method. Specifically, we developed a mouse tracker to record
mouse trajectory, speed, and click behaviors during the participants’ reading process of
academic papers. Using a predefined weighting algorithm, a term-weighted ranking was
proposed by incorporating mouse-related features. We used the term frequency-inverse
document frequency (TF-IDF) and TextRank methods as the baseline methods to compare
the effectiveness. The evaluation was performed in terms of precision, recall, and F-score.
Based on an in-depth comparison with the baseline methods, the experimental results show
that the proposed method is able to achieve a better performance, which demonstrates its

effectiveness.
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From Wikipedia, the free encyclopedia
[...] clathrate (CH4-5.75H20) or (4CH4 [...] hydromethane, [..] a crystal structure of water, forming [...] temperatures
methane clathrate have been found under BBEIMENES on the ocean floors of the Earth [2]

Methane clathrates are common constituents of the shallow Be0sSphere and they occur in deep Sedimentary str|
are believed to form by migration of gas i@ deep along faults, followed by Brecipitation or crystaliization, o
research on Antarctic Vostok and EPIGH Dome C ice cores revealed that methane clathrates were also present in deey]
methane concentrations, dating to 800,000 years ago.[3] The ice-core methane clathrate record is a [ififfigl source of
carbon HioXidel
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Keyword and Keyphrase Extraction Techniques: A Literature Review

Sifatullah Siddigi
School of Computer and Systems Sciences

ABSTRACT

In this paper we present a survey of various techniques
available in text mining for keyword and keyphrase extraction
Keywords and keyphrases are very useful in analyzing large
amount of textual material quickly and efficiently search over
the internet besides being useful for many other purposes.
Keywords and keyphrases are set of representative words of a
document that give high-level specification of the content for
interested readers. They are used highly in the field of
Computer Science especially in Information Retrieval and

Natural Language Processing and can be used for index

query  refi text st ization, author

assistance, etc. We have also discussed some important feature

Aditi Sharan
School of Computer and Systems Sciences

A keyphrase connotes a multi-word lexeme (e.g. computer
science engineering, hard disk), whereas a keyword is a single
word term (e.g. computer, disk). Using single words, as index
terms, can sometimes lead to misunderstanding. For example,
in phrases like hot dog, the constituent single words does not
have their regular meanings and are thus quite misleading if
used as individual indexing terms. Also they may be too
general, e.g. words junior and college are not specific enough
to distinguish junior college from college junior. Also, when
selected from a controlled vocabulary, keyphrases reduce the
problems associated with synonymy and polysemy in natural

language.
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H o, TextRank FiE Y TF-IDF FEOBICbARELEN RSN (p<.05). TF-IDF Fik
CREFE BEFE GEN) ol c3ERRENR O o7z, o, MmXHEICHER
RENEROLN (F (2, 24) = 3.01,p<.10). LSD EEHWTZEILEKEZIT- MR, X1 &
2 DRNICD BERARENR LN (A1<A2p<.05), #iX 1 LFHX 3. X 2 i 3 DT
BHEEREZIR NP 5T,
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4.6.3 EBREMENEBLCRBSBEFIIMeKHLTEET -2 LIEE

KESMEPERELZ LB S HFEY A POEEEZHF L TIERT — 2 L2GEIC. &5
EIZTHRELNIME LK 45, 4.6, 4.7, 48 DX SITRT,
BRIT, REFRE =20 BT B 1EREDS TextRank FEL D RWI 2/ RLTW 5,
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F 45 WL 1LIIBIF B =20DFEOFE

200 FTo | B 106 FTO | 100 ETD
K K iSRS
RRFIL 25.0 % 40.0 % 36.4 %
TextRank 15.0 % 10.0 % 9.1 %
TF-IDF 25.0 % 50.0 % 45.5 %

£ 4.6: X2 1B 2 =20 FEOME

200 ETo | B 106 FTo | 10 ETD
KR K B
RRTFIL 35.0 % 60.0 % 37.5 %
TextRank 35.0 % 50.0 % 31.3%
TF-IDF 45.0 % 60.0 % 37.5 %

i3 1 TlE TF-IDF FEH 50 % (B 107 FT) DREEZF TV 2010 L., #BEFIE

1340 N DREE 2/ T Wz, #iiX 2 TIEIERTFED TF-IDF FELFIU < 60 %OFEE 215
TWBZ bbb, X 3 Tld TF-IDF FED 50 WORBEZEFTWS Z 2T L, 2%
FIEIZ 70 DOEEEBF TV, ZDODFMICBI BEOFEI LR 2 v, BEFIRZ
TextRank FiE K D132 I ROERER e, TF-IDF Fik & AT X WikREZ -
TWBAZEeDTholz,

4.6.4 EHERBIMEBEHOEMICEL ZZE1E

ERROMRETFEIC L 2RENRREEEHMEFE BT, ERESNEDO T -2y b
DI X 2 E(LEFARZ 2DIC, ZRZNDMX I L ICERSMENRD=5D—3F >
EREIL, REFEDPERLZERSMEBOD L THEAZMREHE L7z, K4.913FEFHES
MEBD=DDERE T v IcB o 2B 2R T,

KHIRLTWBED, = DD BIT 2EFIEOMRZ VIHETH S . ERSINE
D= OEBRSME=TO_F TR e, FEOBEIEXTRS Y O EAPR S,
EBSIME =D oERBBMELBEITICIEDLL ., 24 R4 VY O LERABD -T2, 1R
RTPERZ 2R EBRSIMED NI Z 2 21Xk o> THIRP LN ZMEADNDH 2 LB Z
BND, 7272, —ENBICR D . FROMBDRET S L HERITE %,
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£ A4.7:

M 3BT A3=2DFEOE

200 FTo | B 1006 FTO | 10 ETD
K K B
RRFIL 45.0 % 70.0 % 58.3 %
TextRank 10.0 % 10.0 % 8.3 %
TF-IDF 30.0 % 50.0 % 41.7 %
#£ 4.8 §iX 125 3 FTOFMETEEDFEHE
20T | EAL100METO || B 106 ETOD
KL K B
RRFIE 35.0 % 56.7 % 44.1 %
TextRank 20.0 % 23.3 % 16.2 %
TF-IDF 33.3% 53.3 % 41.6 %

# 4.9: B 2 EBSMHELBUC K 5210 (BN 10 i F TOFFE)

ERBSME=5 | ERBSNME=5 | EBRSNELE
D— )Y
s 1 40 % 35 % 40 %
S 2 50 % 60 % 60 %
s 3 52 % 68 % 70 %
P fE 47.3 % 54.3 % 56.7 %
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AETIE, FHMEEBROFMRICEOVWT, B1ETEXRLYV Y —F 7 T2 F a VIZEEL,
KICRBFIEOE NN, HAGFRICH VLR, RERBFEROHIR & iERIoWT
BRET I

51 UH—FOIXFavicwd3EEF

RQL: RA V2 —hoHmEBEOREOZME T LI > TXEDF—TJ— FZ#RTE
Hh7?

RKA44TRLTWEED, IBETEZ41.8 WOBEEE SN (LM 10 M FTORE), 7
BT R LR & LT TextRank FiE L ARERZENA SN, TF-IDF FiE L FAREEORNR
ZRONTEWVS e ORA YA —(TEHEHVTHEDOELZME T2 2ICL>TX
HOF—TU—FEHHETEZ2WVWS ZEHNF R %,

RQ2: REFEIIR—ZAFAVFELDLVHREZRZSNZD?

FKA8DIRLTWVWD X S1Z, EIHT 2MENRFEEEY A MZBWVWT, B 20 7%
TOFEE T TextRank FIETH 547220 % & TF-IDF FETH SN2 33.3 %Ik L, 188
FIEIX 35 WOKEE RS SNz, BN 10 1 F TORE T TextRank FIETHE SN 72 23.3 %
& TF-IDF FETHE SN 53.3 %A L, $ERFEIL 56.7 NOREEZE N, ERFE
DINPNIR =R T 4 Y FHED TextRank FiEL D BOIIERME S0, TF-IDF FiEE L
THTRVWIIRZR N,

RQ3: RA VA —THREDRAZITHHWVI—HFIIH LT, BRI HSDOENICELS
RENHEEREFERZEWTHEH ?

EBRBMERBE 25 AD S5, 7T NFBERIZIERA Y X —%8Eh IR oTeizh, T—
ZDAFITTERDP T,

513207 AR 7 7 — MTCEOWLEEZ LA S HEEY X 2RI, B2 —F )
5DEMICE > THER LR EMRREEEY 2 M EHWTHHE L 2fRE R T, MR L
T, FENC 42.9 N DFEEE (B 10 FC) 2/ ol e oG TH % L HIMTE 5,
IThbE, KA VRXR—TEEAFTERVLI—FIIHLTD, O —Fh B NE
BNRFREEEV R P 2HVWE Z itk D, —EDMREFOF—v — FHIEDAIRET S %,

RQ4: A—HF—2DEAMERI B LICE > T, EHA—YHSOENICK ZBENE
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RKAIDPRLTWVB ESIC, EFRSMEBEOBD =0 D—0 KBS ME =D _FTIZE
bre. 2EMTREA Y POBELENA LN, EBRBME =00 oEBRSINER
BETIAR2 L, 2FMNIC24 R84V FOBE EAVPR LNz, REFERZ LY T—-2D
HEDPHERA D ko TBEN I RAEANEONZD, —EBDL—FFT—XLv b
HEETIUIIREFERORBE D LFITHESL,ICR 2 L WS EHAE BB TW5,

5.2 EHHRICKEZSZ355H

BAMITIZLTY XLIZHEZ2=2DEFHICOVWT, FAFREAFEICBWTEAIH
PRBRHET 572012, TNFNORE B THWTEAGEZ LR, F1E
DR (2 D FtA) L5 2 HOR (KA > X =il L7z[E48) 1385 5 b EARHEICE
WTHELRKREHZREZLTWAZ e Thot, —00R My #h 2 it CEHAE R
{Tolz 22BN PR B 10 ETORBEZLITITRT,

o REFDFHA:36.7 %

o KA VX —2NEE L 7-0%1:36.4 %

o THFANER:26%

M52 13 =2 DRz M THA L 2ITTHRONTBEDO M2 LT,

28



W57 Hs WA 2—EaLAEE B 7% FER
80%
70%
60% o
50%
40%
30% o
20% o
10%

0% =
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BITHORM (B2 D FiA) L5 2 THDORHY (R4 ¥ & — 5l U7z [a%50) X H IR T E AT
BERIToAERE LTCIEONIBEMREFR CKETH o7z, 7 F R MERFHEIEHBE
EMEWz0, BMTEIRE L 23 EONTBENIMIVD, 7% X MERINLHGET
DIEMBENE N D EAFEICBVWTHREL XN3R M EZEZ 6N 5,

F7z. LELORRIT 4.6.1 HIOEAGHE o O L RELORERE b —H L. ZOMEX
FE o D EREL I N AETE 1 HOR L 5 2 HOREO RN AR EAFE 7 LT Y X 4
WKRIETHEIIEIFA LD TH 5,

5.3 A—HDEMIERFEICSZIIZE

2—FOEMIRRBFIECGA 2B AT 27012, FATHEY 7 — MBI 2
RA Y R—=TRZDHATZEHEOEFICHESWTERSNE 2z 2EL, Zhzho XA
T OFEBBMEDPREBFIEIL > TESNLIMRZHEL 72,

5.3.1 BEDHRADERICHZ 1T

HATHE 7 > 7 — MEE L2 AD DB, KA Y X—TRHRZDHAT ZHEIZONWT
BECHDE (LT, A4 TaTRT) LBEZXZDESANTHED, ZOSADIH, 1 A
EEHRA VR —TED I BT 7D BRI LIz, 2N ENENATORETIEIC
kot LM 10 EFTORERR 5.1 TR,
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K 5.1: XA 7 a DFEBRSNETRRETELB LR

ERSINEEFS REehHATLIEE WXl wx2 @wx3 FHE
3 a 30%  40%  ASER  30%
5 a 50%  AREFER  70% 60 %
8 a 40% REFER 30% 35%
12 a 30% REFER 40%  35%
17 a 30% AREFER 40%  30%
20 a 40%  50%  RER 45 %
25 a FER 50%  50%  50%
P fE 43.6 %

% 5.2: XA T b ODFEBBNE TREFEHESNIHR

ERBINERS ZZOHATLIEE @Y1 X2 W3 FIHE

4 b RER  60% 40%  50%

6 b FEFER 50%  40% 45 %

13 b RER  50% 30%  40%

16 b HKER 60% 60%  60%

19 b FRFER 50%  60%  H55%

21 b 40% AGER 40%  40%

23 b FER  45%  55% 50 %
FIE 48.6 %

5.3.2 BREDODHRADFICHZZA1T

HAHE7 7 — b ERIZE L 25 AD DB, KA Y RX—TRZHHATIHHEICONT
72FicdHsd AT, B4 TbTRT) BEZXZDIFI0ANTH S0, ZD10ADI B, 3 A
WBEBRTRA ¥ R =B E R o Tl D SRR LTz E N ERRTORREFE
WEoTHRLNL LM 10 ETORELXHE 5.2 TR,

5.3.3 BEDODFEAZLELVL. B TOHHLSRWVWETLS

HAAE? 77— beRIELZ25 ADS5H, KA YV X—TRZDHATIZEEIZOWT
W, AT, 24 7 cTmrd) BT XL brokwy (LT, 24 7dTRT) 2&Z
72DEFFNFNAANE IANTHDEDN, XA T c DEBRSINE I3 AN, 24 7 dOEFRESINE
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31 ADERPRAL O R—Z IO SR o DTN SR L Tz 2R Z BT D1
FFEZ Lo TELNL A 10 FTOREZ£ 5.3 TRT,

% 5.3: XA Jc & d DEBRSNE TREFENESNMR

ERBMEHRS REDHATLIEE Wl AL 2 L3 A
2 c RER F—2ENT 40% 40%

11 d AEIR 0 % 30%  15%

15 d 20 % ZSEZIN 30%  25%

22 d 30 % 30 % RER  30%
FIME 27.5 %

DED=2DRPRLTWVWAHED, IBRFEIEIEA Ta &4 7 bDERSINETORE
FERA T c XA TATOMBRIDEEZPICENZ RO 5E, XA 7 b DEBRSINEZFIC
X2 IRBEFEOMBIIZA 7 a DEBRBNME L2 BEFEOMRID b E VWS R
WBoO0BERBDHZEZ NS, —DHOERIIXA T bDEBSMEDS>H, 3 AD~
VAT v H—IC Ko TEFRINTz T — XOBUIIEF IR K. EBRED zoom FRHE % F = v
LA ZOINIBREVHRATIEBIZONWTLIIIH D L BERL. EBRICH
BL X3HBICRZDRAZT DB o7z, ZOHOERKE LTI LFIIRE
DHEALZTE5LI—FIEXEHDHRUTR > TWVEHT, D LIEEELZEEBSEAITLLRE
DIAZ LBV E WS AREEREVWEEZ NS, Lo T, ZOXIREXAL TD1—
FIK o TIREFETHH LFRHEEEY X P OBESEWEHHAITZ 2,

Flo. T=XDBENBD»o7R A T et dDEBSINED S B, Z AL FEEHITRA
VR—FEPE o, BTV — NOEEF L ESHEREANT L WS ERMIC
MET 2L X2, IRDIBo T et IR ZDHRAL T A2HRNEEX/-Z & H
zoom FRENZ X o TEIE XNz, THUIEZ X AT DEWIZ K > TOEELZDOTIXR W)
LT E B,

54 YIAMSyvH—0DiRREIHICEZIEE

Z—PPBEFITRTRA ¥ X —OEIEHEE L IRE TR OBBREIASL 2T 572012,
RUALNT A= LT —XRBEHH L. KA VX = —RHERER L2 2 —
FOfliRe L &, *URA NIy h—0ilixbl#z., 1 \O2—FOMEFDORAS > & —
DEMEHEE Y AR TN TE S, TNZLOERSMEICEZ YT RN v I —Dilek
[E% e X6 3 2 IR RFIETE SN RORGREK 5.3 107 F, KOMEHNIERTFIETHES
N7z B 10 i F TOD F-score 2 L, MENIEBHRSNEZNZFHOBERICBIFS Y X
oo h =K BEEREOEERT, VAT v H—DREFREEARKEZITIUIREWIZER
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5.3: FLERMEIEL L MIET B F-score

BRDORA ¥ 2 —ATEHINERIITONLEEZONE, KIOP TRV, BV, BOK
LHRVWEIRENENE A Ta. XA T b, X4 T oo XA T dDERSINE LT,

FUERMEIEL . F-score IZDWTHBETHT 21T o 124k, R WHEED D 2 Z e ibh o7z
(HHBAfRE r=0.609), RBFIEIFHEHITRA > X —ITEHHEIITONE 2 —HF TORR
REhRWEHAD RSN 2,

5.5 REFEDHAERLRE

ARETIRRBEFEDPFET 20 L O ORMEA L WEAICOWTHAZITV., SO
BIZOWTHETT %,

5.5.1 SEIOFHMERBROEY T VT

SE OFEERTITHANEE L7220 X DE S 2 M RITbN Tz, FERSBMEIL S
FLUNTRAVLHYXDEGEERAEDEEVIRETH o720, BED LS RENE
M LUT, 2—FOEEDHECTRETIEC THH SN 2 FHMGEOEDB DI VGEENH 2 &
WS FEDTFEIE L 2,

¥7z. SEOFEET TF-IDF FEEFEWHEREZ R L TV, ZhUiBZ 6 BEIE
WBFE L FoMNBEEEZNRICLEZ LI 2HELHENT 3,
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SBIEIEBROEL Y T 4 VIOV T, EXDOMEICH S WIEEDIREFEOME LK
SFLinweEZ 3,

5.5.2 REFENRoTHIH LI-EGE

T 2ATOMBTFEC Lo THI LRV R D 5 b, ERSINENERT > r—
FTORORVWERE L HEZR > TREEEE LTI L —RA033 D o7 205
DHEFER R - TRGE L LT L 72 RN SRS INE BRI B 00500 65 R WHEE
WEEBLZ E HRL LS LT 30FK-TVE I LIZE o> THRA ¥V R—IZZDHFEDE
HREMDAEL D, Lo THEANBETEHVEAREONZEEZONS, —/7, TD&
5 IR BRI L — 0 5 DI X o THIHE L 7 RHEEE O R &I B W TIXEE DMK
W, ZOMBEITENEROREFIERCL > THRIRTE /2,

5.5.3 TF-IDF FETHE TS AL - /-BEE

TF-IDF FEIZ & o THIH U 7= A7 20 (i F TOHEE L IRER TR & o THIE L 72 E47 20
MECOHFELHRT 2 &, FEH7 = XHE & Sl S ERIERERIEH TDH 252 Lan
X 3 TlX user, needs, information, EEMF—V — FH Y —XA TH 25m3L 1 Tl feature
72 ¥ DIEMRHEE%R TF-IDF FRIC X o THH TE R o720, IR FRIME &%, kil
DHFEIZa =R BVWT I DN L HGETH 572D IDFENKL 2D, 2rOoXEDOH
TIXHBSHETH 2 TFED EL RV 205 TF-IDF FEICBIF 2 EAGTENNZ LK S
LEbLNE, 2T L TIREFETIEICENOREZ AW 5 E OHFEPELICHE DWW
T XEORGEEHHE LT\ 20, 2D XS RIEEEEIT 2 Z A TE 3,

—7C, 5.5 1HITHIBNRA K51, MEFHERBEOXEZNRE T2 & =, HEWR
AV R—TRHRZFYHAT ZEEERE RO —FICL > THH XN 2 FEEEOBI AR L
TW3 75— 21 LT, XENOREERHWEIN—2F 4 Y FETIZZORER RT3
ZEDVTES, LEDoTR-RI7A4 VFEZDLBRERRFELZMA DT RV
EZb, SHOREL LTI ELAR-ZATA VFELHAGDOEZ 2T RBWRETF
EORPIEOLND Z e PHFRFTE 5,
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Fe6E PDDIC

A TIEFE D EMR X ERE T 2 & 2R TRA ¥ R—1TE8D & Eiliam L DR GE
VA ot EiATz, il U RHEEE E 2 e UEE L — I X 2R & BRI A
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BhENE SN, TF-IDF FELIFERRENR MR P o7z, BB —F 5 DENRD
RETIRIIME 56.7 % DR (BN 100 FT) BELN. R—2 T4 Y FIEDFEE 53.3 %
¥ 233%& HRTHENICEWEREZE LN, ZOBRIIBEFIERICH T 2 B HbH
SMEDT — Xty b DIIRIC & o CT—EREICERER EAEIR X ., BEFEOFMMEZ
NS ZENTET

RA Y R—TRZDHATIZHEICOVT, BEFEOMBIIHEBICHZ2—F /2%
W25 21— TOMRRIIRZ DHAT 2BELRRVI—F LD I ns Zeabhro
Too ERBEHA—FDOLOENCEIoTRZDHATIHEER 2RV —F 15 DHE
PRI DD TER, YUR LT v h— ORI  IREFIEORR & OBIfR%E MEE L
7o 22, R REFEONRITPRMOVIEOHBENH 2 Z 2 23bH D (1=0.609).
SEREIR D Z VL= TORBEFEOMRA RV WS A R & iz,
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