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Abstract

The development of the internet has facilitated the flow of information. However, this
explosive growth of information has led to fundamental importance being overlooked:
Reading material can be understood. Research on readability formulas aims to predict, to a
reasonable extent, the degree to which a text can be understood. It does so mainly by
analyzing and translating the information within a text into readability features, which are
used to train a readability model, in order to automatically predict the readability of a given
text. In recent years, the development of deep neural networks, applied to speech recognition,
image processing and natural language processing has improved significantly on the
performance. Therefore, this paper proposes a readability model built with deep neural
network and word vector representation, and which is capable of analyzing cross-domain
texts, in accordance with the diverse topics of text contents. The authors aim to make the
readability model capable of analyzing text readability with more accurate, as well as possess

domain generalization capacity.
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H]EE M (Readability) & fERIFEA R RE Sy aE & B ARAVAR RE(11,[21,[31.[4] » & &R s Al
SR MRS - S AT Y PR AR S B2 A% R RSUR[20,03] - HRIR SRR AT M B At B
5 R FAE 1923 4F Lively Hl Pressey gt 7 A KPR Bk oh P B fE AV R[5 -
1F 1928 4F Vogel A1 Washburne HIl=Z 424 —{& Winnetka Formula 3R &/ NZEE YA 0] 35
TE[6] - RIEEMEITE — B4 R ETTYSfE - #8 Chall 81 Dale /£ 1995 FHY4EET - £ 1980
F R IL BN AR A E A S 200 AR RIEEIEAFT] - B EGEHaEEE S
AR LD EEHEE S RHEOREEE SR TR M » (I140 © Z 441 Flesch Reading Ease /A7
Plsa g s BB s B B AR » LA FINRIEME R AMVIEHE - ST R &N I3 g
BT SE3 A)F REAREHAL SO SR B SRR R B B ~ AR Az
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{FATIRIEE[8] = Chall F1 Dale(1995)IIA T " #ZaLEA | MU SEAL SO ERERY =0 - S
HIRA  FORFRINEET] - 25 AR RIREEZ &R - EE kS
EVEERUERIREE - 59T A B 15 DU S4B R AR v s MR A A DA A B 2 Ty A
R VETEAE > DISET MR A AERERR [9],[10][11] -

MR RS S E R EUATET T T AT MR A AR - PRSI PR VR U S Ry
EN—MEEEREC T GEE SR EA RS 8RR - s ANEE LR SFEIHT A e 2
JZBRSZ (AFEfEFE - Graesser ~ Singer (1 Trabasso(1994)f5 1 » #H4EE = FHEA AR R
AV HEREAR - SUFRBERE AR SRR E SRR A5 E U AR
[12] - Collins-Thompson(2014)/145 tH {#&5 nT S M ZUME 8 EE AR S RRYZRIZEEN - 121K
RGN - B R A A S IO A EE MRS SR 2 B B
[13] = BEAD » — B SN A H B s A [F SR - Haa ey R AT URAVE SR -
PRI Ry aE RSSO R N 58 BB AR R SRRy T RIS L s Ak T AU a5 =N Bl
— RGBSR B SRR ATAE S - Yan S5 \(2006)gEAH TS HIfER T RSB R B2
FHEE(Medical Subject Headings, MeSH) Y E SEflTsE R PR - PR S RHEAAAYE L
B~ TR PR BRI S S A SR PRV AR - A RIEEER - SR — RGBS R B AT
TS S WU RE RIS T B SR RE R [ 14]

S —AGE S R AR E A RSN A A 28 S S (E R
TTHSE < B0 > Yan 25 A (2006)Fl] FH A S G AR At 55 B 2 52 B 22 & o} (Medical Subject
Headings, MeSH)HYESE2RF5RIE g EORHEME Rl & bR - (e it g —(E BB
HEIES » MR R MRS ISR G R RS A IERE - B HER U SR E
(Document Scop)[14] - Borst £ A (2008)HIJ& A1 FH R HY 5 =R R EEa a2 iy T B RIHERES |
B U EaSE L WA o B4R T R R R (R Ry S B B Eo e ge ~ ) F - R
SCFEEFEVARIZ[1S] - Chang 5 A (2013)AIlE R EeiaE B 70 Hr(Latent Semantic Analysis,
LSA)EFITERT E SR ERE L » B e 2 E 7 ##(Singular Value Decomposition, SVD)
HRFAE S 40 R AR HH B R HER Y 5B B 22 [ R B S (VB e B B M - B DRSO &
(cosine measure)fy )7 HASE SRS A [FI E S HYRE S 5[ 16] -

BT E SIS RIS RS UR S 37 (Document Representation)» #E 23] L
e ARV RIHRRE o (ARG AR AR — i {b(Generalization)gE ST * VAL
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TERE S AT RIS A AE (E FAR S HERY m] B AR R AR Al SO e R - 1T IR PR AR
TSR AT VAR B I E R R EY BN A0TSR SR S P R e e R —
R o PIANGERS SO B E I MY E IR 27T - N ILEE LU RIS R R -
Pt A% g — (S s Ay AT MR AL AR -

ARG SN L PR 55 Bl 5 i e] S MR F i S B s SR A AH R
5T - Aiak B HAHE R m] AR ZE R © S5 = BiRHE (RS AR AR re e Rl [m) R 2
st (I8 e # [E] S o AT A [R) SRS TSR PR A A SR DU 2 PR SR P LAY
HIRAE ° e f& s TLET R AREE ORI FEY T A -

— ~ MBI

41[F] Collins-Thompson £ 2014 Fiilt © 58 E 2 MREH MM E il R PRV EEEEZ
— » FRIMAE RS S T4 H SO A 2 A8 (R A (] (B T S B G e R EAYIREE(13] -
s IEgr a7 S PE ATEE MY S MR EREFTAE - AEAS R ERER A RSSO
e A AR L EACR - 28000 H AirE A 2IaFE 48 5 TSRV %540 Readability Test
[17]~ The Readability Test Tool[ 18]{{EE FI| &R AY 7] 58 M4: /A T4l Flesch Reading Ease[8] ~
Flesch Kincaid Grade Level[19] 5z Gunning Fog Score [20]2K&F& 1 [EISEIR A 4GRS AR 1]
sE o 28I - (Fe R EEME A TR Dl g (A BB s R R ) AT (AR KE
TEREEMHEIE - (BRI 5 = TEIRAN A 0 E e s Sull R B A —E LR & 6
H AR EE R AR R IR AR 7Y B A %R 81[21] - Kidwell ~  Lebanon #1
Collins-Thompson (2011)#5 H & AT EU DL 300 7y HEG rl s AU A E A -
1172 [ P R S S B DA P2 ARl Y S 8 SR T = B — M B KPR A [22]

HETC A Z ot ia M E % vl 8 %AW A 3 &5 248 H SURHY A 38 4
[23],[24],[25] » ERIELA0 el A e ml e AR A 2 28 F AR 4 H U E 2 E S TR RV -
Miltsakaki {F 2007 F-2H Read-X &R [FIRIAE EHOCAHES T A8 MEAVERAS - &
S =fE A 31407 : Lix readability formula~ Rix readability formula 1 Coleman-Liau
redability formula ZEAREFE ST A FEMEEEE  (H Read-X Z & RF — A8 n & MEHVEEE #E
{TEEG 1B R R B A S0 rT B M B TS A R s [26],[27] - ELET] 2009 4 Miltsakaki
FIIFF 49 Lix Readability Formula* Rix Readability Formula {1 Coleman-Liau Readability
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Formula HYEEEHEI TR & - ZRIMANT SR s ke T AV R & 7 A A & 3 H 9-10 80
11-13 FEERHTEEE 28] - Bickhoff 22 A I HE Hh 00 SRR Y U5 UK o I RE AR FUB &/ NZ
TRIRE[29] o PRI LA E S rTRE PRy U7 20U A 8 F i iR TE U282 (Spiral Curriculum)
AYSCARE TG EME - Kanungo AT Orr(2009)HIE #1145 5 [ BEATE & HIZCH 48 E i B 2R
B[N - AERTER AR AR MR e B IAVEE SR R I AR E IO
YRR TR - AL S PR R R PGS SRS AT REHE — 2 WA B SR TR A — e
7e[30] ©

PR 7 ATEE TSR Z S 253t B 2A0E S e B B E ) SRR AU -
bFE N B DA A SRR RUAACH & ORI ATEE M - (5 AR AR A (2 ] DA A
S oTHY AR MR I B AR AR RE A BHBRRUER T H311,[32],(34] - i H AR
F7YHEM T B L LASZ [ A (Support Vector Machine, SVM)ii Ry 5L - 2RI 52 5] EARAH %S

NIREAHAE KRS (Deep Neural Network, DNN)TE - 2B —EUEREHIEEHE - HATE
AW S I B R S R R bR R T LA A e i B s SR A oy o SRR - S ]
DIREIAFEHTRER - (B2 RS A RIZORAYAE ] » B RR TR AR AR 5 A e 15
N SRS TR N EE[35] - L - (e BalryBAge a] DASEER - R m] g MR AL A Y =2
RS SR (B PR IEIES - (B IR s S 5T 21 R LA EARIN R > 2L
AT RE PRI S8 fee 7R B R Y BN ALE © DRIEE > A SR FH e S R e A et Bl ) B
AR S SO PR AT RS -

=~ B S R M B RN A Z AT AR T
(—) ~ FHFEREFRR

i ] & F YIS R 7 FH Hinton 15 1986 APz » SR f555 %2 (Word Representation
or Word Embedding)[36] - Bengio f£ 2003 4 g t[m] &5 =045 11 45 44 i 5 = 15 Al
(Feed-forward Neural Network Language Model(FFNNLM)fJ3ll| @ZefE » 1S4t sa] g
TR AHABEY B (AR SR HGE A 8 R R [37] © AT HA Google FiT#&RHY Word2Vec HIIH] i
FFNNLM Hy{& 4 757%[38] ZAMM R FENNLM 225 A — 151772 » Word2vec R T FFNNLM
T8/l SRS A AR A R AR MR g - O B B A ~ Ko A g » (RS s o B

Word2vec $2ft T A FI[& 7= » o3 AR A L8158 (Continuous Bag-of-words Model,
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CBOW) kil 55 4 (Skip-gram Model, Skip-gram) o 348 5 S35 RS 1 SR E S H H 153

Z AN SORTEN B B | g s B eIl a7 EF R - Bt B A
GARE TR SR - R s AR BB 40E 1 & 2 For o 4F Word2Vee HoR
A e 2 A e SIS Y R TR MK s Y AR d @ ER o] DAk A Hierarchical Softmax Bii/&
Negative Sampling FifEE = AIE H#E S ISRATRUEE © 28T » A s A SRR I Sa) i
RN R — (B R S G )5~ [V RA (% » BIFTEERY Shallow Window-Based HY7772 -
Jeffrey Pennington HI'ZAE 2014 42 H—(# GloVe 38 LA 20 (IR  5E 2k K 6 ok s 4
Z fEIERAI% » LLFETT Word Embedding HYRSR[39] « MARIE 5 B R » /e S5 -
W& EEIET K2 GloVe 1 A sE IR FTAAURE 22 AN RAIEIL T » A s SURHR I i A ] s
sl A B R 7 R A B e S S AR M T (Bl S S R T s PR R [40] -

INPUT PROJECTION OUTPUT
W(t-2)
W(t-1)
o SUM
D W(t)
W(tH)
W(t+2)

AR SRR U R
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INPUT PROJECTION OUTPUT

W(t-2)

W(t-1)
SUM o

W(t+1)

W(t+2)

B - WS SRR Gl A

() ~ PRI

AT S B2 E A AH BRI ST RS A AR A R i D FE AT 25 S0 2R R By — 2 1AV 8
LA SRS ZRREG R  SeAREARAY 2 B A A s 3 SR N fRE - FI30F A Deep
Belief Network(DBN) 2K ¢J4A1 LA S A 4lis 28 H e BB OIA LRI T ARK
SFEFA4E 5 [35],[41]° X4 Hinton FI[ rectified linear units (ReLU) {F Fyf& 5w &0y
FeRE > DASe Ik E AR AT {7 [ B BEAT 6NN - AR bE R B BAR )N - BEAE RS HYERE
SEINIRNZ[35],[42] o AEm TR ReLU 1F Bl /@y s - ek IRn
Fymax (0, x) » BIOREH TEBLER 77 o HR i H A pr B Ry B 38> m DA o7 BB 56 R DB 2K (gradient
vanish)HRH o AEm PR FHAEPSIEAIZR4E 5y 1024 4 ReLU [S5dt/g 1 12 4 softmax {F Sy
g > TN B S TR B ER - M AR 2S5 S 2R (% - BEE Tt
A E AR - (H AR A B IILRE - Rt A2 B R EFE A
—IEAPE - JRE RTAVEZE - Sl B S BURERw! - AIDIRER 12 (EfTHE
(column vectors) » 73 HIEFFESF4R - AT (L)
W = |wi w3 ... wh| (1)
ARG SCER Y 77 Ry PRI 4R AT TIH E pE R - AR R EZ AT &
] DLE M R AR A AN o PRIEAPIRAT AR T E(Q2)
RW*") = 211=11||WLL - WiL+1|| 2)
FAM A S G I RITE O] DAFR A0 2T R4l =) S YRR RE > 1] Se R AYREE s 28 Xt (cross
entropy) FIIERITERVEE & » 41 F=(3) -
L(0) = — EH,(v; — logv) = T, — wju | (3)
Horby, R o vf R AR | AR - M ILeEn 2B ER 12
FEERAN TP (manifold) » BRE AR W { & 45 187 h A F i L4 g 2% ] R AHT -
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(=) ~ R AT AR

B SISO R AR A 3 B > AR 98 FFEEE H KN
ZKHRRFEATHIAREY 1-12 R ERAIEEER ~ (L8R - BAR R ERRERESE
VO{EHIAY A E 23T 6,230 R S HABM E L B AR BRI m M e
AW FEE SRR BRI R - — ~ BREE A HEGRER (L g R B AR E =
FIRHIAFIEIET 4,648 55 - — - BRME B+ HEIEER ~ 1L &R - BRI A EFIfEEE
L8 FUUEFIRAAFFEHET 6,230 77 - AEILEIEAEERHEERERAEIL T HHSZE
B R R ST A B T R 2 B Ry ] - T R B B U2 B Bk 5-fold 5 B By 5
AHETT > EIRSCEAIE WECAn[431 A E T th SO R s - A ReIl R e A1
Word2Vec[38]2 71 Ail{e ] L 5 LRI R E ¥ IR - BEERI BRI E—RaRSUR
PR M FH R ER (e e o) B IR R P U M & WRFE 8 2 EE > SR PSSRy
BEE RSy eSS ST B R E o AR5 BT
Keras [44] FI LIBSVMI[45]AI R 2 R AL B e <2 ) A m] MR AR AElgatim]
SRR RIHIPE B - AW ZEie s E R HEE P SRy fe— B s [ B R IR R AU [ & - IR
BB AR - ST EH R AR R o AR B a4 © TS HE
BRI RE MR R - (8 n] B A 2 B8R Y nT R PR A AR B A SR E -

=)

FH B A464853)
T #B(6230%)

=)

Word Embedding

R TR
W

i 5-fold cross

validation
SVM / DNN

SV #23] /
DNN #£3

v
S KEd
TR &

S =l kR vl e e e =
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V0~ HERGER

AHFERY B Bl SR AN —FIR o » 11 DU e o] S M Ay S SR P o 1A = ~ &P Y
RIS » PedE SR ] DL IR A i e £ =R B Z VISR IR T )
FATHEC R AR REREB Y S A B AR - ZRIM I A EEEERAE A 1,582 fRAVAR 5 A{E#

R E % » A ENEE KIEEN T - S mEEEAm S o EBERED T 9.5%
ARERE > [ A E AR ARG LA/ D T 7.32% Y ERERR o i3 BE AT SO AN A 38 M 45580y
(BT eEiEk - SRR S A A O S [m] E M T RE SRR P o R G R E R -
F— ~ Blp— ¢ LI 100 4ERE 2 = FESEECOARAELLER
7 F R4 7 FH <RI TREEE AR (%)
1-12 4% BE ~ ther ~ HAAHET S m =A% 70.83
4,648 i EBESES 407
F s BT HEGECIERY 100 4T VURE SISO A R EE LR
7 FH A4k 704 FH 2R, STEREEDE AEHER (%)
1-12 5F4R BEE ~ 118 - B~ [ZREE 61.33
KB MfEEA S
6,2}?0% - SR 66.95
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R B REREI L SRR

AU TR G AR RS
1 2 3 |4 5 67 8 9 (10 |11 12

= 1 (1717 1o [0 0 0 [0 [0 0 [0 0 |0 [70.83%
PE 2 2 605 0 0 [0 0 |0 [0 0 [0 |0 [8.5%
o 311 6 156 35 6 |5 4 [0 |0 [0 |0 [0 [73.24%
& 4 10 3 46 124 (17 (117 0 |1 2 |1 0 [5849%
510 [0 |11 27 119 28 26 2 2 2 |4 [0 [53.85%

6 [0 |1 (16 |16 |33 95 |24 |9 |16 3 [0 |0 |44.60%

7 10 [0 3 [0 |12 |7 (499 28 |9 20 |11 |9 [83.44%

8 0 [0 |0 |1 |5 |4 |39 (502 |18 30 |7 |10 [81.49%

9 |0 |0 0 [0 3 |10 32 |18 377 43 25 2 [13.92%

10111 2 2 2 1 3 35 [26 [30 [404 |76 |53  |63.62%

10 [ [0 0o 5 |0 22 {15 [37 |69 [502 [77 [69.05%

1210 [0 |1 {1 1 (0o (8 (10 |7 |59 |71 [454 |(74.18%

0 ~ Bl R R e S A 5 > SRR e
A TR G AR RS
1 2 3 5 16 7 |8 9 |10 |11 12

= 1 3 (15 |5 0O 0 0o (1 o 0o [0 |0 [12.50%
P 2 |1 |45 (13 |6 |1 0o o |1 [0 0 0 [0 [67.16%
F 3 11 [16 (143 |26 (10 (10 4 2 [0 {1 |0 |0 [67.14%
& 4 0 |4 29 (133 25 (145 0 0 (1 0 |1 ]62.74%
5 0o 3 7 |30 (113 |40 |17 |4 |4 3 0 |0 [51.13%

6 [0 [2 11 |15 (37 [107]|11 |8 (18 |4 |0 |0 [50.23%

7 0 0o 2 |0 [7 |8 527 /13 |9 20 |8 |4 [88.13%

8 0 (1 |1 |2 2 |6 |23 [528 [15 [21 |12 |5 (85.71%

9 o [0 [0 0 3 |5 |14 [17 |424 23 23 |1  [83.14%

10100 [1 [2 |1 |4 |3 29 [30 |23 434 |71 [37 [68.35%

1o [0 [0 0o 3 |0 (12 [17 |27 |82 |537 |49 |73.87%

120 [0 (1 o 1 |1 |9 8 |7 |57 |70 [458 |74.84%
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R Bl SR E R SRR

AU TR G AR RS
1 2 P 6 (7 8 9 |10 |11 |12

g 1 10627 |7 |5 0O [0 [0 [0 2 |0 |2 |71.14%
PE 2 |65 |86 [27 |13 0 [0 [0 [0 1 |0 |0 [44.79%
o 3 134 |30 (172 |65 |12 (12 /5 0o [0 3 0 [1 |51.50%
& 4 |18 (14 |66 (179 |42 19 9 {1 |1 |7 |0 |0 [50.28%
5 2 |1 [35 |59 142 |64 34 |6 |3 |13 |6 |5 |38.38%

6 |1 |2 (19 37 |72 (14734 |10 [23 |14 [0 |4 |40.50%

7 0 [2 |0 (18 |19 |513 [40 |11 |44 |14 |14 [75.78%

8 0 [0 |1 (3 |6 |57 |[527 |24 |55 |7 |18 |74.54%

9 10 j0 |0 |1 3 |15 |32 [30 |383 |74 |33 |14 |64.37%

1002 3 3 1 |5 |5 [35 [33 [32 |520 [116 |77 |62.50%

1mjo (o jo 3 |7 |4 [15 (17 [37 |[148 [530 [105 |61.20%

12114 o o [0 |5 19 |9 |3 |128 [104 |516 [65.40%

TN~ B R AR A > SRR
A TR G AR RS
1 2 B |4 |5 6 7 |8 |9 10 [11 |12

= 1 80 |49 |15 (1 1 |1 1 0o 0o 0o [0 |1 [53.69%
P 2 137 |10139 |7 |4 3 0o 0o [0 0 1 [0 |52.60%
F 3 113 |42 (191 |56 |13 (12 2 |1 [0 2 2 |0 |57.19%
& 4 |16 (19 |66 [185 [48 20 |11 0 |0 |1 |0 |0 [51.97%
5 [0 [3 36 |50 (168 |66 20 |6 [3 |7 |8 3 |4541%

6 |1 |4 [24 29 |65 [158[23 |16 [22 |16 |4 |1  |43.53%

7 1o |1 |1 3 |12 |18 |553 35 |8 29 |11 |6 |81.68%

8 2 |1 [0 [3 |9 |14 |45 |552 23 35 |16 |7 |78.08%

9 2 |1 1 [0 |4 |16 [29 |25 [449 |38 22 8  |75.46%

1001 2 (1 |1 |6 |6 [37 36 |27 [545 |113 |57 [65.50%

1o (o o (1 |5 |1 [18 21 (42 [102 |611 |65 |[70.55%

1202 0 [0 0 0 (0 |9 |7 |11 [73 [109 [578 |73.26%
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PRICZAN » AbFE th Ebise e S e i L e 2 5 B ERFE £40HY manifold AYE
NESREAERERAY > HAERARCHUR - ([RERATLIEER > (EFEAVER T A
LU FERIEET T TR VAR AR REER » TSR E BT CARRY Al M 8 - HA
Z I ATREE AR RS - Ek T AR (R SRR B A FrE By -

Ft -~ B L RS SR EAEAR Y manifold SAME R ERESRA) 2 2
AR | A EEEELHRIEFEY manifold |ZEMER(%)
1-12 F4) |BEE ~ g - B~ [BE 66.95

BB MRS L

6,230 15 A5 66.48

B(% > WA B A SR A A2 [ FR S R4y manifold AYFDL T »
el g e B 2 S 7 T m] A I AR A R R G B - HLEERAR AR > 3ffIm]
DLSE3R — g il = JE Y 28 S AL 4 B Y B & P B J Y o (B PRag— B RS
JEHE - HAHERIE MR GESTRE (R EERTT - MEZRAOLE - 5 Ed BRI FTAREE IR
FIR > AT FE L e AT AR AT T 00 T - 8 TR AR R sk — AL RE ) N & Hh
J& T — (B o FEARACANZE n] LI SRS e e SR e AL A sle g e - 40 R A HTED
A B A (Long-Short Term Memory, LSTM)ZRASHEE A BEISESCARNARFI > iS5 ]
FPAET SOR AT RE R 2

/W~ BRI © SRR AR e e Y B R T n R MR R

BT (EAH BRERE  [EREE%)
1-12 4% |BEE - 1 ~ B - BEEERE LT |1 66.95
6.230 % 2 68.59
3 68.33

ST~ BERT | U ISR TS R AR

78 FH A4 |48 FE <35 (EERSEE SRRV [FERER (%)
40 - 4% B @ HIREE 4 =
[40] 1-12 HE4J |[BEE 18~ 5 28 3LET 4,648|GloVe 100 4 SRR |og 13

EN- ERE ~ 11F ~ H2A - BEE | COW100 4 R A
MIfEREE A $LET 6,230 7 s 68.59
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1~ 45
A AR MR E S R A AR T - 1 —BRIGRY SR MR TSR A 2 P AT 25 J SR MR RS
BB SR A R S00RE - i FLop LU Ay E iR R BT 7 N B R =% - 2800
TEAFERAGER I LS - AEMERIERCE T B0 E R B R > SO ERiafe
BAETEAYEIRER B FURRTRRE G R T % < AHRHNIE > AR SRR e e H R A A
et — (Bl SR AT AR AR - B T TS RE RES SR S [ BT > FTalll R e ziery m]
R At B AE 47 FH A 25 {IE SEUERA T SOA

FEARA » ARBTFERHRT T A B A 4 A A TR PSR RE S | R S 2T
FYFEEE - 40 Sentence Embedding[46]2K#E L (K7 (Document Representation) 7] LLEE I
HURSHERI A SRS > A RERE S Sung F AFTTEH Multilevel Linguistic Features HYfi}
@l11] > AR MR RE ST 8 20 oAy A AR B SRR R M (R R AVEERAESE
INE L ERIEHE -

SR
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