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<ABSTRACT>

Text readability is a statistical measure of the level and the difficulty of the text, and is influenced by various
factors. This work aimed to extract only those factors that can be quantified in a Japanese text from among the
various factors that may affect the readability of the text, which were then used to analyze the level through
statistical techniques. Through these processes I verified the validity of each of the factors, and have developed a
formula that forms the core of the readability level analytical system.

Specifically, by using Pierce correlation analysis on the ‘JLPT reading section Corpus’, which consists of 437
reading texts extracted from the last 20 years of previous JLPT, I propose that ‘Morpheme number per sentence’,
‘Kanji percentage’, ‘N4 grade Kanji percentage’, ‘N3 grade Kanji percentage’, ‘N2 grade Kanji percentage’, ‘N1
grade Kanji percentage’ are applicable readability metrics for Japanese text. Using the above readability metrics,

the readability was calculated by performing a multiple linear regression analysis using the following Japanese
text readability formula.

[Japanese text Readability Level Formula] - AR?: 0.7848, p-value: < 2.2e-16
y=4.041029 — 0.011292z, — 0.022071z, — 0.016339z, — 0.025853x, — 0.026349, — 0.046882z,
- y : Japanese text level = Readability

- x;: Morpheme number per sentence, x,: Kanji percentage, x,: N4 grade Kanji percentage,

z,: N3 grade Kanji percentage, x: N2 grade Kanji percentage, x;: N1 grade Kanji percentage

Key words: Readability, Readability Formula, Readability metrics for Japanese text, Corpus, Text Level, JLPT,
Correlation Analysis, Linear Regression Analysis, Readability Analyzer, AJ-JpnRa Tool
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¥ 2. 7154 dEEEHS NG 92E BASEEHETX) 119 de AY FAES (n=437)
3 3754 FARELY
H2E BA3JE == = o2 ST
ARAF R ZA AAAT AR F-H| o3 F
o 3 £ £ 0.0364002 0.034185 16.43220305 5.974E-05
H2E 3 Pt 0.1725315 0.170629 90.69976719 1.176E-19
o 3 P4 0.2604079 0.258708 153.1620603 2.386E-30
2 3 g4 0.3903815 0.38898 278.5610044 1.085E-48
SEAH] (%) 0.5745278 0.57355 587.3935542 9.584E-83
7 EAelE 0.4220446 0.420716 317.6532304 9.559E-54
N5 ZA)7]2 2K %) 0.4635253 0.462292 375.8490134 8.418E-61
N4 EA)7]2E %) 0.1302019 0.128202 65.11608915 6.954E-15
N3 EA171& 2H%) 0.5525499 0.551521 537.1754707 5.59E-78
N2 EA71& S2H%) 0.4588617 0.457618 368.8609832 5.559E-60
N1 EA71F 32h%) 0.3087958 0.307207 194.3364971 8.908E-37
B
HAE BA3E = SIHEN %_7:“%
YA AS EF3k t A p-value
o 3 23 5 2.2950862 -0.106654 0.0263106 -4.053665 5.97371E-05
H2E o & 2.4442462 -0.002003 0.0002104 -9.523643 1.17575E-19
@ 3 Fea 2.68616 -0.0098 0.0007918 -12.37587 2.38591E-30
2 3 e 3.3262508 -0.059391 0.0035585 -16.69015 1.0847E-48
LA (%) 3.7298028 -7.902216 0.3260501 -24.2362 9.58371E-83
7hde A& 3.1046145 -3.17701 0.1782551 -17.82283 9.55944E-54
N5 E2A1712 3K %) 0.8179701 2.784464 0.1436266 19.386826 8.41844E-61
N4 EA712 FRH%) 2.6557945 -2.796368 0.3465374 -8.069454 6.95412E-15
N3 EA71Z %) 3.0412783 -6.292523 0.2714981 -23.17705 5.58996E-78
N2 EA)7]2 %) 2.8190747 -8.618219 0.4487311 -19.20575 5.55901E-60
N1 EA71F 32H%) 2.5209287 -13.19557 0.9465659 -13.94046 8.90824E-37
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¥ 3. R B4 HANA'E 53 AIC 233H F A5 - step( ) T

Start: AIC=-713.41
7t ~ 2R + H2EGdgEH A + dEEEH A + EFETIEH A + A+ 7yl
A& + NSSAE + N4gAE + N3ghAk + N2&kA) + N1gkA),

Df Sum of Sq RSS AIC
- dE e A 1 0.0628 80.904 -715.07

- N5&-7}, 1 0.0806 80.922 -714.98
- g E% 1 0.2683 81.110 -713.96
<none> 80.841 -713.41
-HXEGEH A | 1.3895 82231 -707.97
- 2AEHEH A& 1 1.7303 82.572  -706.16
- 7P TiEAEE 1 2.8254  83.667  -700.40
- N43%H=}, 1 49382 85780  -689.50
- N23kA} 1 5.3780 86.219  -687.27
- kA 1 5.7563 86.598  -685.35
- N3&ha}, 1 6.5362 87.378 -681.44
- N1&-#}, 1 7.1990 88.041 -678.13

Step: AIC=-715.07
7tEAddd ~ g Ed + H2EGPH A + AT HEEH A + A + YA gAEE + N5$H
2} + N43+A}F, + N33AF + N28k#}, + N13HA}.

Call:
Im(formula = E|2E#HE ~ GSFER + H2EGFHEH 4L + EAZTIE 4L + A + 7oAt
B8 + N43H#} + N33R + N23kAL + N13kA},

data = pl_all)

Residuals:
Min 1Q  Median 3Q Max
-1.43179 -0.28678 0.04499 0.31363 0.98111
Coefficients:
Estimate Std. Error t value Pr(>|t|)
(Intercept) 42595618 0.0822339 51.798 < 2e-16 ***
5= A s -0.0234703  0.0127543 -1.840 0.066435 .

H2EQE A -0.0003099 0.0001161 -2.668 0.007910 **
EAFHH A -0.0125436  0.0027826 -4.508 8.47e-06 ***

A}, -0.0609040  0.0109462 -5.564 4.66e-08 ***
PN EE ARS8 1.6948966  0.4439320  3.818 0.000155 ***
N4 3=}, -0.0129798  0.0018617 -6.972 1.19e-11 ***
N3gHA} -0.0209141  0.0027868 -7.505 3.6le-13 ***
N2gHA} -0.0241039  0.0038283 -6.296 7.58e-10 ***
N13+=} -0.0402633  0.0060682 -6.635 9.85¢-11 ***

Signif. codes: 0 “***> 0.001 “*** 0.01 “** 0.05 <> 0.1 * 1

Residual standard error: 0.4355 on 427 degrees of freedom
Multiple R-squared: 0.8014, Adjusted R-squared: 0.7972
F-statistic: 191.5 on 9 and 427 DF, p-value: < 2.2e-16
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T 7FEA EJE (1~49)
F g g B 4 92E 3 g4, g2 © Jed B 3 e, RS
(%), 7 SxHE, N5 EA|7|E 3xK%), N4 EA7]F 3AH%), N3 SA|7]1F K (%),
N2 EA4171F 32K %), N1 Z2A47]1F 32H%)
b. AIC 4 23 - b5 A¥3H =y
- [ " 28+ H2E 3 FHA + 4 3 FEHA + (%) + 7 A +

N4 SA7]E 2K %) + N3 SA71F K %) + N2 EA17]+ 2 %) + N1 SA7]E T2 %))

T ‘g 7 FEHA 9 NS 2AV]IE FHH%)E O IARAY SHHTA AT
ARE, e mde =4 AGAF AR® = TINE, 5

o MEE oF 80% BE AWT + oH ol W &2 At & F U7 FX).
83l BAHEA A3} povalueZt 0.001 20 ZFoKp-value: < 2.2e-16, F-statistic: 191.5), £ 3]
2ol BAACE Forsitte AS &+ AUtk

5ol theel 99k 2o AT BAS Ae & A, olzle] FhEA

9) [€Eo] H2EQ 7I=4 dd 34
y=a+ 02, +Byry+ Byxy + Byx, + By + Bexs + By + Bty

y=4.2595618 — 0.0234703z, — 0.0003099z, — 0.0125436x, — 0.0609040z, + 1.6948966
— 0.0129798z; — 0.0209141z, — 0.024103924 — 0.0402633,

-y QB0 HlAE H
- a:YAH, B, ~ By 2 ZHHFY 3 AA T
3

S TN o= o e R = |

e
T,
[>
ul

N2 SA71E AL 2Nl SA171F S

Jdd #2337 (99 2,9 IAAF, & T T EF 9 3] AAG(-0.0234703)= p-value
7F F4E 005004 BAXHOE FoulehA] & AF(p-value: .066435)F Holal k. o]
g 2o ge 3 £4 57 754 i wsle] g1oz ®BY] ot Ae
Uehdth, g8l ‘HAE F FHA 9 A FoFE 0001904 g Z I p-value:
007910)F Holie ot Bf Syilae} tha atolE Holx glom 3AAS =J drt

o

-
|

[¢]

AA
(-0.0003099). olell oAM= (8)] AE37 EolA ‘Tt & £ 49 ‘" XE & FE
25 A% T A¥IH] BAe T3, T4 2 AHYE IS 5 ATk
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£ 4. R A H71A°E 5 thFx AFIHA &4
Call:
Im(formula = 7} #¥W ~ ., data = pl_aic _dell2)
Residuals:

Min 1Q  Median 3Q Max
-1.32692 -0.29497 0.03326 0.30555 1.04934
Coefficients:

Estimate  Std. Error t value Pr(>|t])

(Intercept) 4188123  0.075155 55.726 < 2e-16 ***
EAGHg A -0.011641  0.002755 -4.225 2.92e-05 ***
i -0.066788  0.010885 -6.136 1.93e-09 ***
P e ARS8 1.927587  0.441795  4.363 1.61e-05 ***
N43-=}. -0.013479  0.001871 -7.203 2.67e-12 ***
N33kA}, -0.022488  0.002745 -8.193 2.97e-15 ***
N23%+A}, -0.024522  0.003861 -6.351 5.46e-10 ***
N1gkA}, -0.042728  0.005989 -7.134 4.17e-12 ***

Signif. codes: 0 “***> 0.001 “** 0.01 “** 0.05 <> 0.1 * 1

Residual standard error: 0.4395 on 429 degrees of freedom
Multiple R-squared: 0.7968, Adjusted R-squared: 0.7935
F-statistic: 240.3 on 7 and 429 DF, p-value: < 2.2e-16

40 A3 RS =24 AARASFT AR’ = 7935%, 5Y
o] WEE oF 80% Ax AR & Anh I E4t
(p-value: < 2.2e-16, F-statistic: 240.3), & 3|7 2]o] FAH
W2 p-valueZb 5 0.0015T 27] digo] Be SHwse] A7t FAHoR vy

o

=
Frojralr] W] Ao E dedt 2 vs AP B¥ re 244E + ok

A3 3
a. TEWF A 9E (1-4)
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% 5 R B4 #71A'E 53 JARE 1 (10)°] e o5 FAA A - vif( )

= e 4 7 HEi A% 7 AEE
VIF 1.773901 23.015857 17.230884

S MEA7EF N3EA =T Y N2EA =R Y NIZAP | E=321 %)
VIF 1.231070 2219760 1.944533 1342970

VIF #tel 10014 ol Syuas ol daaiddol SATaL ddst=d], ¢ 59
ANE T, FHHs T AR E ) T @ARE Y Sl te 340
= & g Aok ditxow tF FAAC] B o]E siAstr] sl 1)

A8 AR HFE AASAY 2)8ES] A7]E 7197, J)HFE "SATIA, 4)
i

e

30 of

AME AHEshe 5o e ARSI EaolM e o5 AF3T 2F 1 (10)91A4 =

SN ‘—[i_—
Wus B gy et TRl @AEe e S AR BE e B6 FAHoRE
Fele) J

SAUAE AR Fho] AHoR 2 vae A4En, OAE TE B4 Ade A

T =

A T BAH &%) A
2+ B4 T FHA + MU RS + N4 SA7)E %) + N3 =
ZH%) + N2 EA171% 32K %) + N1 EA47]F F2K%)]
- Residual standard error: 0.4578 on 430 degrees of freedom
Multiple R-squared: 0.779, Adjusted R-squared: 0.7759
F-statistic: 252.6 on 6 and 430 DF, p-value: < 2.2e-16
c. (10b9] =HWTF T 7hyd] AE|E AA
- [H2E 3 gHA + B4 3 FEHA + SARE(%) + N4 EA7]E FAH (%) + N3 EA4]7]
Z %) + N2 EAI7IE K %) + N1 EA71E %))

2
N,
o
o

- Residual standard error: 0.4486 on 430 degrees of freedom
Multiple R-squared: 0.7878, Adjusted R-squared: 0.7848
F-statisticc: 266 on 6 and 430 DF, p-value: < 2.2¢-16

- 371Al5 BAI%F: Bstimate Std. Error t value Pr(>t])
(Intercept) 4.041029 0.068564 58.938 < 2e-16 ***
AT 4 -0.011292  0.002811 -4.017 6.97e-05 ***

A} -0.022071  0.003743 -5.896 7.54e-09 ***
N4gHA}, -0.016339  0.001789 -9.132 < 2e-16 ***
N3&kat -0.025853  0.002689 -9.615 < 2e-16 ***
N2&Hat -0.026349  0.003918 -6.725 5.60e-11 ***

N1gH2L -0.046882  0.006036 -7.768 5.92e-14 ***
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E 6. R B4 H71A°'5 £33 AR I (11)coll 3 o= FAAH A - vif( )

= e 3 F dEi 7 A& NEA71ETA %)

VIF 1.763450 1.955818 1.038984
=HAF N3SAP 153K %) NEA7 1= Y NIZA7 1282 %

VIF 1.918614 1.847129 1.294415

G (A0pollA FHHSF T Thuth @RS S AAR (1D)ed] vF IJANG B2
(1)be} Hlw3le] AR?S] Fro]l Ao s A3, tF FAA I Adx 9 He} o] &
€ FHHET VIF #ho] 10mte]”] wiZo] b5 sA4 A7F dskA etk =3 74

o O
T

g
Fo) HAAFTE SAH L

EYHEY pvalueZ} ZF 0.001HT Fol, ZE =W 2 j
olsit}. o]9} Z2 AF|E HtYPste] T 22 YEo] H2EY JlEA F24E A=

(12) [€Eo] H2ES] 7154 ¢ F2]] - AR%: 7848, p-value: < 2.2e-16
y=a+ iz, + Boxy+ Byxs + Bz, + G55+ B

y=4.041029 — 0.011292z, — 0.022071z, — 0.016339z; — 0.025853z, — 0.026349z;
— 0.046882z

- Yo HXE Tﬂ]‘*“
- a: YA, 8, ~ 3, 4 SHETY FAAST
-z B T HA, 2,0 FAHE(%), 7,0 Ndg EAVE A, 2,0 N3 EA7]E S

zy: N2 ZA71E &AL, 200 N1 SA7]E 4

_:

43. B H2E 7154 &4 S (E# T Regression diagnostics)

oM (129 2ol b5 3FEAe Tl o] H2ES J154 #d 34P< 4

%}
T+ Uitk IR AARNS SYAFE /AT FEASY WS dSsuA e
o=, Fwse A NAN B UGS Aok ] vhiele EAtelME
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=
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] XP"]% ZF2}Residual 21 Bt wEbA otz ZFARl EA g ZAPS wolSo)
| e o3t 22 bRl tigk 7Hgo] Ay afobtt gk

N

(13) zk=ke] 7H4
a.
b. 5
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d. g4 AAfe AEEE TET

S (129 3749 Bl gek (13)9 FEL AdUR BAe) 93 AA=S 19
B Thee] 1949} 2k



769 / ARo] Bl 1EQ] 1EA HH BA 35

Residuals vs Fitted Normal Q-Q
P oo 1700
- t o
o = e
2 o
2 34 g _
= . =
2 = B
[T¥] =4
w =T T 7
[ =
- m
LI
[ts]
= 7 = @ oiedlr
T T T T T T T 1 T T T T T T T
05 10 15 20 25 30 35 40 -3 -2 -1 0 1 2 3
Fitted values Theoretical Quantiles
Scale-Location Residuals vs Leverage
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O
T g “Eéo 170
= & L
= =3 i A
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- m
5 o] oo
] B
= &
o | --- Tdoks distance
o | T T T
05 10 15 20 25 30 35 40 0.00 0.02 0.04 0.06
Fitted values Leverage

T 4 (1)QE] BaES 5 AW FH AR

IH45 A= 48 BAd 4, 5 Ay A bvs A 4k (Residuals vs Fitted)” Z12j
ZE B kA7) 0 FHol EojA lol (12)9] 74 3AEATA)S (1B)pAddEs
sle Zo= Ho|ANE ofFke] wjifle] Holr] wiie] Huh AAE 5ol daT ZoE H
QI %h(standrdized residual and Fitted

g, #S5 oty ®FEI AR Aadd A9
values)’©] 2ol 7W7HBE (13)bs a4 7Hols &AI7F glo] Holw, ¢ e <A
TEE 12 ZNormal Q-Q Plot) 7} 2 4del 7W7H-EE (13)d4 14 =3 TS 202 Hel
o aga vt R = Steke] ZAbvs#|H 2 A|(Residuals vs Leverage) ZLEZE 53l
ol’dAoutlier’t B 7FsAol Y& FHe= 1703 3028 A HlolE7t & 5 tke He #}l

T AU

4.3.1 ZAe] AFA Ads} FEAA HAE

B o= A7) 23849 el xts BAS eto g oL AAg A4S Yy E
AAE Bzt sty 94 zkxte] HFgko] - 4.68534E-17E 00l Wl 71y wiEe] 134
o} F3tal FHE i, (12)2] 7154 F4S (13)a AFAHS wSdty & 4 9
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O]‘H/ﬂ St AS5ES HEl, BE4-93F B 22E(Breusch- Pagan Test)S AA|glom 1
= p-value = 177622 F2|5F 0.05904 AF7HE A A57] o

=1
Tol FRatolghs AL & 5 Uck

E 7R BA NAAE FH A5 A0 B2 (120] e D2zt HAE - bplest( ) I

studentized Breusch-Pagan test
data: result aic dell2 c
BP = 8.9291, df = 6, p-value = 0.1776

432 Ao 594 AdH A4 I

ojolA] zkxte] HYPAAH AAAAS Xdetr] YA HHl-
A 293 A4 H 22E(Shapiro-Wilk normality test)S A
93} Zth

Stk H| 22E(Durbin-Watson test)<}
gov, I A= theo #8-

8. R A #71A'E F3 7154 @8 &4 (12)00 thE Hnl-stE Bl2E - dwtest( )

data: result aic dell2 ¢
DW = 1.1327, p-value < 2.2e-16
alternative hypothesis: true autocorrelation is greater than 0

¥ 9. R BA 712 E 5 7154 b F4 (12)d] gk A 2-23 HAE - shapiro.test( )

data: resid(result aic dell2 c)
W = 0.9922, p-value = 0.0218

in)
T
o
>
g
rlo

3 03 4 Abololl ZASHEE, 09 A ¥ A FBE, 49] A Lo A7)
BB dshde. (1990 7}%@ F4e w99} ol dw = 113272 01T} 20] 71RH7] w2

2
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©
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Yo7|x ¢kom, JHo] Zr|7} IH(YRAHLSZE 30 o)

BEolge 48¥ & gdvkw e Ytk

) FAHoRE Tyl

FolM dw A AL FRA(dU)E FUE
HA < m)E =3l ﬁlf& ol

w EA|2o] JURT I3 4-dURTH 2toH X}ﬂ*&%
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43.2. o1 3A A7
]% A Outlieret 3]A Rl ol A=A = 5ol HolEE, o|& AE3tr] HsiAe
FHESE Zhxkstudentized residual)E AFESTE 1949 = e ZApvsEIH 2 A
(Residuals vs Leverage) Z1ZHZE T3l &<Igh nie} 2ol 1703 302HA wlo]E7F o] 4X]7}
2 7FsAol 7] wwel, oA HAAS AAlon O A v #1039 2tk 28y
Bonferonni = .503022 $X|7} fF2|4F 0.05ETH ZEZ o]X|7} U= glths 22S U

T A8k

¥ 10. R BA 717 E 5 7154 dd F24 (12)°] ek o]d=] A - outlierTest( )

No Studentized residuals with Bonferonni p < 0.05
Largest |rstudent|:

rstudent unadjusted p-value Bonferonni p
170 3.272783 0.0011511 0.50302

olgst ol JEA AB FA Ol Uit 3 mF ABL Fi) (12)YRo] YrE by

1=
49 3¢ FAMCE felsihn Bekshn

e
k]
lo
B
o\
ol
1>
o
fl
Jﬂ
o2l
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o
§§
_\1

W
P
oo
g

fleb ol FILPT FallAZ2 wEo 2 7h543% JAaA) il Addss 9AE £
AFES EFshal o5 T8 sl (149 2ol frofd SHusE 2Astal o5 AHgst
o 7HEA wE IS EF d g o HAE (149 TR e dR VA
=4 =< TAJJpnRa Tool) ol WFE= o vl Foll Qo= g 2T3s T AA=
Al EGAl dEo] HRES] THEA £40] TSt

(14) [€Eo] g2EQ] 7154 ¢ F2]] - AR%: 0.7848, p-value: < 2.2e-16

y=4.041029 — 0.011292z, — 0.022071z, — 0.016339z, — 0.025853z, — 0.026349;
— 0.0468821;

- yr Yo H2E #HHE
-z R FEHA, 1y SRE%), 2 Ndg SA7IE AL 20 N3 SA7IE AL

zy: N2 SA71E 84, 240 N1 EA7]F 32}

5) BME QRol HAE 54 B4 mEadon, AN ZEod A9 2 ASHe AR9014) B oo
Yo A= 7\(:!——‘1—-E A.
- http://japanese.or.kr/japaneseutill/Readability%20Tool%20Series/ About%20AJ-Readability Tool.aspx
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Reader 9934 o] QIZbe] ABOT BHF + Yt Fo] YE A= Aotk web
Arpe F¥ AT A%E HPOR e ATAAE HEAY 9L vAE giE I
F o3 % BWel Wolx So) hF BAL kst U AnT S A B9 T
& AEHAA Ah olF B ALY Yuo| YrES Y FHE T JAoIA o
Bol YrEQ] 1EHS WHIE shiel A/t B & 9 o2 AU

4 F1E Y (Reference) P

AF30013) TFLAEUAIAR LEAE Y doj—of=¢ FHE WG r dte FTF FRAFT O YA L]
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earthquake and tsunami and Language of Japan; ‘Easy Japanese’ in ‘Public information offering’ for
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