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B o, g, 99, @,
SAL gol, Wel, wek, ofF, A7
el dEA oA, o7l A7), 7, ¥

- o 3}- - =_
Hz8d 9- 9 -, H- =-
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2 5% AAPe we
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[€)

T (token)’, #=APE @Ejae] 75(ql.

A5, WEAHAL, BAL BEAL BAL BEAD

A,

AL

o E4F W4

3T

ofu], AFAE HwulAL o) g, el el 7

HAL AL, BAE 5
A A (G AL,

1

.EJE
Aa el

el A4,

me

€4

o
S
r

YA T A]

=

=

w A

ol
A % Qee] AR EAR, BAREAR,

°

7]

L
.

}

°
R

o

ke

-

file)

E

15

IvPPAS} svPPA xb7b 7}

sttt

E}\]O
A AzAL WAL QAL olwl, WRAL HEAL ot

bl 4

at7] flste] AL, WAL, FAF, BAF FEAE RS, AAAL

°©

S

A

ZA EA& Statistical Package for the Social Science(SPSS) version
H|

=

=

=

26.0
=



ted mlaLsigivt. PPA

5]

& R dl(Generalized Linear Model)S A&

A3t

S|
=

=

A

)A
Hin

svPPA 3kAp7}

skl

9 L
T

5o

IVPPAE 7] Ws= AAsISith HALEAR, gAb AL, Ul--o]:7]

Mann-Whitneye] U AAHES A&

1

3 o9 o

o

Z}. CIU H]

Nicholas & Brookshire

(1993)7F A~

3 skt CIU

s

FH Ax(type)] H &S
IvVPPA®} svPPA2S] Apol= oA

Az o

&

<]

RO

Els

of i

s
a

%

t}

o] 3

&3

H

o3}

of Covariance,

A1 (Analysis

=]
Run

TR

]_O

NEEE

=
=

ANCOVA)

T
T+

type)

W AHnoun by

OF1-
To -

] A4]

ZAb(verb by type) T & WA}

p=h
=

Nfo

)

B

Ho

B
fite)

B

~
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v ddAE HAed 242 9Iste] RStudioR WA 4.2.1)&
AL&5RT. s Rde x4 Ef(Decision Tree, DT), MXE HH
™21 (Support Vector Machine, SVM), #{ > #*~E(Random Forest, RF)<}
Q1F21 7 % (Artificial Neural Network, ANN)< AF-8-3}51 T},

SVME nxtde] Fxto] EIH dolgd AAEZ dAs 1FS

il
>
oo
ol
rir
T
T
o
il

o] (binary) &+

Ay ARelA FL A%5E NAYS RFE A1 A4 Eele] @AE F2a)

e
o
[-*E!
i
4d
)
ﬁ
rlr
ok
oL
o
=
P
<
=
A=)
=
)
rir
re
2

g

r o
4
=2
>
2]
ofo
i,
k]
%0,
H

HAHYL  HolHe IHs X3 7l EslEo  om,
H=(confounding factor)E& FA|8t#] E3tt= ©do] Qi) 1

FAE AbE A digk Al EAISE B4 Aol o] FAF A== of
% -

F, B3 dolzel FFEsh we 9¥2 wAt: A% sy

old
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Ml B ATelAt AQel W9l M4t FTwel dFE HAxsleud
stolth. IWPPA 35l AQ7F svPPA 3AERTE U ¥A ExE Wi
sVPPA 3A5E o Sl B2 il7lel = fgake] A #7h 7H
wol FHAAT A 7k AQ Htell Aol7h EASA = WAl AQ 60
o], 90 olstel st wiAARtE dlolHAe® HA G o] ZA

ZZ5L 71 A3 IvPPASF svPPA $2F ZF 1094, & 209 FAF g2

okl AA st A 2 EAZL AAEHE HE @ ALEE S
Ocll Al 1AFole] gho= Aatatasitt. AT AHEE W 552 ta3 gk
F e 7, WA BlE, diEAE AlE, A HIE, BAF HIE, 84 HIE,
HEEA W&, AAQAL v, BAF BlE, FAF HE, PR HlE, AxAL
A, BEAR AlE, HAERAR HE, ofn] HlE, WAL WE, HFAE HIE,
of< W&, A HlE, &A WE, FHA HE =4
W&ol W&, 7Iwol HE, &olvlsel, ‘tuEAkEAb, EAREAR, CIU
HlE, o8] vgE, W =

327) WE 9E WeR s d ) g 2R Aw E5F dve
el Ax= B sk

(1) A =(accuracy): 0914 100 Apele] HAE ghom, EHY oo

.
%g g

il

Accuracy = (True Positive + True Negative) / (True Positive +
True Negative + False Positive + False Negative)
(2) AU Z(precision): Edo] syPPA(REE IvPPA)EaL o =3k skxpr}

A4 svPPA(REE IvPPA)Y &

138



Precision = True Positive / (True Positive + False Positive)
(3) A& (recall): 2A svPPA(RE+ IvPPA) 34} FollA Edo] svPPA
(&= WWPPAR /3 vl &
Recall = True Positive / (True Positive + False Negative)
(4) F1 H4(F1 score): 094 1A}o]e] o= AU o} A&&2] %3}
Pate E3tn 1o 7heE E77] ol =t
F1 score = 2#(Precision*Recall) / (Precision + Recall)
RFSF DT gh5ake] oabdd A4S & 5 dvs F3ol o
&3 IvPPAS} svPPAE T3t WHFEQ Auz
DT & dolgelM 7 dido] =& W
o] mEe] T2 IvPPAS svPPA 77 WHFEY] FoREE (Ao R
RoFErh, RFYIA S Mean Decrease  Gini(MDG)9F Mean Decrease
Accuracy(MDA)E AHgste] W4 T2:=8 AT & o MDG= #

Jdd Eelel wER Agd Wik Add geid d9 W

Fagel WEHS TH golth @ Wi MDG @ol ke e 1
WMk Ave @ BRSE 5492 Juat MDAE @ WEE AARS
WoebAd 2 ASEst gashis 4Ee @@Aeld, MDA ¥e
WAt PR OASES Folt wWrge ouad. wed DT A4
SolA MEEE WMEsh RF mdo] AAs: o] MDGS} MDAZ
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o,

T
-
it

o
A=

bol7h
Flehp

S

0.000) (

Has o ®el A=

[€]

I IvPPA 3ApE0] 3

9|

svPPA°l H]

s}ol

0.000).

M
(-

—

U

0
HH

&t tHp

3= A=

EAs

0.016), o1/do] AR H

%21 (p=

5

7

=0.000),

AA3(p

HH

o] wkeh.

e

23}

¥ 3. PPA o}l u}

PPA o}¥

W
o
o
oF

EA4L

IvPPA?

svPPAY

0.000

100.6(2.44)

85.7(2.52)

D' syPPA: semantic variant of PPA

2 IvPPA: logopenic variant of PPA
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F 4. % FEx Fol dig PPA o}y, o7, AW, wsdSF, AQ I
= 8¢ B (SEY) FogE
PPA ©}4 0.000

svPPA? -0.16 (0.04) 0.000
lvPPA?Y Reference -
1% -0.01 (0.00) 0.013
38 0.000
o] 44 0.50 (0.04) 0.000
=34 Reference -
WA R -0.02 (0.00) 0.000
AQ 0.00 (0.00) 0.004

USE: Standard error
2 syPPA: semantic variant of PPA

¥ IvPPA: logopenic variant of PPA

. EALe] A%

PPA olfel W2 2z} FAb AFe] F4 @ E 53 2k HEAP
ole AT Yan o
A SR PPA oFFdl we 7+ 157 EAY AFels Aolrh gtk
bzl w4 EA AA dEeld AXeis wge aw 2w

<

21



SRE L

Al 1 we 9%

o

FE o= 9998 AQR, AQIt WHE&ESFE

HAHp=0.000)2F HuAHp=0.005)E HA A=dFow, thEAHP=0.000),

FAHP=0.013), HAHP=0.018), HZAHP=0.049)= © %ol Ar=3s}9t}.
=]

rir
N\

WHEAFE OiWAL,  HRAN BEREAI Huale]  dgs Folon
WHEAFTE a2 gy p=0.002)9F  FEAHP=0.01008 © Zo
AhEskar, BE8A7(p=0.006) FHPAF=(p=0.001) © HA A&
e diAbel Hle] gllem, ool FAHT UiEALE o o
A=A THP=0.032). T3 AH - FHEALS} HEAL] e Fo] AF o

EEFE BEAIHP=0.000) HAAE(P=0042) ¥ o] Agat Aeom
stk B4 FeAh AWML BEAL GERA ojrle] A gRe

A9, A, S, AQ Ao dFE A &k (p>0.05) (& 6).
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FAHE
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sPPA  WPPA
PPA oz
HEZTA HIE
0.02
2001 . :
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sPPA  NPPA
PPA 02!

CHEAL H| =
o1 ﬁ |
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sWPPA  WPPA
PPA ot
BEZM HIEZ
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010 .
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000l =——= ==
SWPPA  WPPA
PPA ot
e
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2005 |
002 [ I |
0.00 ! —

SWPPA  NPPA
PPA ot
ofol H|=
0.30 .
w 0.25
020 |
sWPPA  WPPA
PPA o

AL H[E
1
002
®0.01 i
0001 [
0.00 . .
SVPPA MPPA
PPA o}
X HALH[E
006 |
®0.04
002
0.00 ! .
SVPPA NPPA
PPA orx
ZE IV
020
015 ’—_L‘
2010 ,—‘—‘
005 I
0.00 . :
SVPPA MPPA
PPA o}
TO[AH[E
008 '
B 005 |
“ 002 | |
0.00 ——1 !
SVPPA NPPA
PPA or

SAHH[E
015 | \
Sl ) — #
0.05
0.00 . :
svPPA MPPA
PPA ot
ZHE AL H[E
008
0.06
®0.04
o) [
0.00 . :
svPPA MPPA
PPA o=
EZAH2
010 | |
w 0.08 [ ] |
= 0.05 [ \—’—‘
002
0.00 . .
svPPA MPPA
PPA oz

oy 2. w3 U ZF FAFY] H]E. (svPPA = semantic variant of PPA, IVPPA = logopenic variant of PPA)
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¥ 5. PPA o} FAF 75 4 A+t
A7 (SEV)
A frolghE
svPPA? IvPPAY

8A 19.1 (1.23) 16.7 (1.01) 0.154
th g A 7.4 (0.76) 7.2 (0.64) 0.820
AL 0.2 (0.12) 0.1 (0.07) 0.451
A 8.1 (0.79) 8.7 (0.72) 0.618
& &AL 3.7 (0.53) 4.8 (0.55) 0.180
Hzg 2.6 (0.45) 2.2 (0.36) 0.423
A1 A 2.5 (0.44) 2.8 (0.41) 0.574
TP AL 0.8 (0.24) 1.3 (0.30) 0.165
AL 2.3 (0.42) 2.9 (0.42) 0.410
HEAL 2.3 (0.42) 2.2 (0.36) 0.859
A ZA} 6.7 (0.73) 7.7 (0.70) 0.376
B ZA} 5.8 (0.67) 6.6 (0.63) 0.449
& 2AL 0.2 (0.13) 0.1 (0.08) 0.460
of 1] 20.5 (1.26) 21.5 (1.14) 0.563
A P AL 2.6 (0.45) 1.8 (0.34) 0.187

VSE: Standard error
? syPPA: semantic variant of PPA

P IvPPA: logopenic variant of PPA
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==
()]
iy
>
=
4y
g3
=
rot
U
U
=t
o
of

o2
U
ol

0.

ogh
=
B>

B (SEY)

i

el s

0.134 (0.090)

0.151

-0.008 (0.005)

0.089

-0.024 (0.096)

0.798

0.001 (0.009)

0.890

0.014 (0.003)

0.000

0.009 (0.001)

0.000

0.031 (0.136)

0.820

0.014 (0.010)

0.129

0.320 (0.150)

0.032

-0.043 (0.013)

0.001

-0.019 (0.004)

0.000

0.010 (0.002)

0.000

0.727 (0.914)

0.427

0.175 (0.093)

0.060

-0.031 (0.980)

0.975

0.040 (0.069)

0.561

-0.054 (0.024)

0.028

0.017 (0.010)

0.089




svPPA -0.067 (0.134) 0.619
S 0.005 (0.008) 0.491
o] 4 0.097 (0.141) 0.491
A

SAS -0.023 (0.013) 0.075
AQ -0.006 (0.004) 0.090
F JH i 5 0.008 (0.002) 0.000
svPPA -0.258 (0.195) 0.186
oA -0.007 (0.010) 0.487
o4 0.277 (0.199) 0.164

A}
SAS 0.017 (0.018) 0.350
AQ 0.001 (0.006) 0.861
= e 0.008 (0.002) 0.000
svPPA 0.205 (0.254) 0.418
oA -0.019 (0.013) 0.135
o4 -0.335 (0.263) 0.204

BHEg9
SA S 0.068 (0.024) 0.005
AQ 0.001 (0.006) 0.896
= e 0.009 (0.003) 0.003
svPPA -0.133 (0.249) 0.577
Z| G A} o 0.011 (0.014) 0.452
o4 0.077 (0.249) 0.758
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e -0.013 (0.024) 0.577
AQ -0.008 (0.007) 0.199
F JUi 5 0.011 (0.002) 0.000
svPPA -0.507 (0.373) 0.174
oA -0.037 (0.019) 0.055
o] A -0.158 (0.386) 0.683

AL
EA=R TR 0.010 (0.036) 0.786
AQ -0.009 (0.004) 0.119
F dea 5 0.009 (0.004) 0.028
svPPA -0.196 (0.240) 0.415
oA -0.001 (0.013) 0.920
o4 0.007 (0.254) 0.977

F-AF

A 0.042 (0.023) 0.060
AQ -0.014 (0.006) 0.018
= A & 0.012 (0.003) 0.000
svPPA 0.042 (0.234) 0.859
A= 0.084 (0.020) 0.000
o] 0.390 (0.254) 0.125

THEA}
SA S -0.077 (0.025) 0.002
AQ -0.006 (0.008) 0.493
= i & 0.004 (0.003) 0.121
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svPPA -0.131 (0.150) 0.379
S -0.017 (0.007) 0.014
o] 4 0.105 (0.149) 0.483

2 ZA}
SAS 0.027 (0.014) 0.054
AQ 0.008 (0.004) 0.061
F JH i 5 0.011 (0.002) 0.000
svPPA -0.116 (0.155) 0.452
oA 0.020 (0.010) 0.042
o] A 0.123 (0.163) 0.451

B ZA}
LSS -0.029 (0.015) 0.053
AQ -0.009 (0.005) 0.049
= e 0.009 (0.002) 0.000
svPPA 0.735 (0.958) 0.443
oA -0.036 (0.044) 0.417
o] 4 -0.788 (0.983) 0.423

&AL

LSS 0.062 (0.093) 0.505
AQ 0.032 (0.031) 0.307
= e 0.011 (0.011) 0.346
svPPA -0.050 (0.086) 0.564
ol m] A -0.001 (0.005) 0.832
o] 0.021 (0.090) 0.819
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WSS 0.004 (0.008) 0.627

AQ -0.003 (0.002) 0.220

T i & 0.009 (0.001) 0.000

svPPA 0.341 (0.255) 0.180

1% -0.006 (0.012) 0.604

o] 0.296 (0.260) 0.255

3 H A

WSAF 0.067 (0.026) 0.010

AQ 0.033 (0.010) 0.001

T 9HA T 0.002 (0.003) 0.575

V'SE: Standard error
2 syPPA: semantic variant of PPA

¥ AQ: Aphasia Quotient

o EAREAR WS

IVPPASE  svPPA  #xte]  whsl  F HAROIEAR, HAREAR,
‘W gof:7lFol HlE BFolA Aol7b ¢ldth(p>0.05) (3 7). upebq Ale}
g Ake] Ak SRy FARel WARe] abE S|l AeldlE 7 oW 1H
Zko] 7F gloiet.
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¥ 7.PPA o}gol| mE FALFEAL B S
Mann-—
AR
g PPA o8 T e Whitney¢] ERSES]
U
WAL AL IvPPAY 8.83 13.00 109.50 0.177
svPPA? 8.20 13.00
AL S AL IvPPA 7.88 18.26 110.00 0.182
svPPA 2.23 10.56
svPPA 0.26 0.15
g7  IvPPA 0.78 0.17 121.00 0.214
svPPA 0.63 0.20
V1yPPA: logopenic variant of PPA
2 svPPA: semantic variant of PPA
2t ygol9} 7159
PPA o}fe] mE W&ol(p=0.69D% 7]5°l(p=0.414) 7o F4
HAyol= #ol7F gtk (F 8). g9t 7]Fo] gd vAE TITE
SIFEAA WMol geke ‘¥ 92 Ay, d¥E, AE, wSdF AQ
T o]} V5] vl ol dE¢S T2 ZAUTHp>0.05) (F 9).



4 F+ (SEY)

FAF BF ‘ ol gt&
svPPA? IvPPAY
8¢ 34.60 (1.63) 35.52 (1.45) 0.691
7]%5 9 50.03 (1.96) 51.432(1.744) 0.416

USE: Standard error
2 svPPA: semantic variant of PPA

¥ IvPPA: logopenic variant of PPA

. HEolek 7I5o] Jhrel tHEt PPA o},

AE, 4, wHds, AQ, F

EFAF W d= 29 B (SEY) frolgs
svPPA? -0.03 (0.07) 0.691

A -0.01 (0.00) 0.141

ol o173 0.03 (0.07) 0.700
WS 0.00 (0.01) 0.784

AQY 0.00 (0.00) 0.073

= dux & 0.01 (0.00) 0.000

svPPA -0.04 (0.05) 0.416

A -0.00 (0.00) 0.599

ol o] 0.08 (0.06) 0.189
A 0.00 (0.01) 0.742

AQ -0.01 (0.00) 0.054

T HHA 0.01 (0.00) 0.000

USE: Standard error
? syPPA: semantic variant of PPA

¥ AQ: Aphasia Quotient
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=
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wol
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=
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4 (SEY)

s
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3T
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¥ 10. PPA o}8d] & 59 7

& A Hp>0.05) (

il
o
o
of

N
o

—_
)A
ot

0.275

IvPPA?
25.43 (1.22)

svPPA?
27.60 (1.46)

0.209

19.15 (1.07)

17.07 (1.14)

oy
olo

0.123

4.29 (0.52)

3.12 (0.48)

Yy
R

0.23
0.347

36.46 (1.47)
2.03 (0.35)
32

33.70 (1.61)
2.52(0.45)

2 syPPA: semantic variant of PPA
¥ IvPPA: logopenic variant of PPA

USE: Standard error



o] ojst PPA o}&,

B (SEY)

0.08 (0.07)

-0.00 (0.00)

0.03 (0.08)

-0.01 (0.01)

0.00 (0.00)

0.01 (0.00)

ofo
re

-0.12 (0.09)

-0.00 (0.01)

0.09 (0.10)

0.00 (0.01)

-0.00 (0.00)

0.01 (0.00)

-0.32 (0.21)

-0.01 (0.01)

-0.01 (0.22)

0.03 (0.02)

-0.01 (0.00)

0.01 (0.00)




svPPA -0.08 (0.07) 0.230

o= -0.00 (0.00) 0.435
o34 0.06 (0.07) 0.393
A
A 0.00 (0.01) 0.689
AQ -0.00 (0.00) 0.722
F JH i 5 0.01 (0.00) 0.000
svPPA 0.22 (0.23) 0.347
A= 0.09 (0.02) 0.000
o] 0.35 (0.26) 0.178
THEA}
A -0.07 (0.03) 0.009
AQ -0.01 (0.01) 0.509
= e ¢ 0.01 (0.00) 0.076

USE: Standard error
2 syPPA: semantic variant of PPA

¥ AQ: Aphasia Quotient

vk, CIU H]&

svPPA(H=0.5310.05)9} IvPPA(H+#=0.55£0.04) A5 @3] CIU
o= o 7k zbolzb fideh (i 12). ClUdl digh CIU H]$&2 AQ
FaFe wotom, AQZF B&4E CIU Hl&o] W3kth(p=0.000). 9%, AH,

wHEFE CIU vl 9= 74 ¥ Aoz Yy (G 13).

o

T
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¥ 12. svPPA, IVPPA #A}9] CIU vl & 54
PPA ©o}& F (SEY) frolghE
svPPA? 0.53 (0.05) 0.116
IvPPAY 0.55 (0.04)

VSE: Standard error
2 syPPA: semantic variant of PPA

P lvPPA: logopenic variant of PPA

E 13. CIUel ik A%, A, u5ds, AQ, PPA ot@ 9] 3k
W B (SEY) ol gtE
Sk 0.00 (0.00) 0.783
k) 0.03 (0.06) 0.673

WA 0.00 (0.01) 0.557
AQY 0.01 (0.00) 0.000
PPA o} 0.828
svPPAY -0.01 (0.06) 0.828
IvPPAY Reference -

USE: Standard error
? AQ: Aphasia Quotient
¥ svPPA: semantic variant of PPA

Y1yPPA: logopenic variant of PPA
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Og=7F FAduh wekar(p=0.000),
Aoz YeEtH(p=0.000) (3£ 15).
sVPPAS} IvPPAS] AA o]3] thkre} EA} thakros= Ak 7 2o 7}

glleon, A5, A4, ASds, AQY I&Fs A U (& 15).

¥ 14. svPPA, IvPPA 3kx}9] 93] t}e
A o3 g RN A=Y RIS A
PPA
3t 3t B4t
o} o= o gE g5
(SEV) (SE) (SE)
0.57
svPPA? 0.67 0.69
(0.03)
0.613 0.017 0.223
0.58
lvPPA? 0.75 0.78
(0.02)

U SE: Standard error
2 syPPA: semantic variant of PPA

¥ IvPPA: logopenic variant of PPA
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¥ 15. o13] ol digh A=, A, wSdS, AQ, PPA o} <] 3
o13 td= W4 B (SEY) o8
A 3] = a9 0.00 (0.00) 0.801
34 0.06 (0.03) 0.073
WHAF 0.00 (0.00) 0.080
AQY 0.00 (0.00) 0.728
PPA o}& 0.613
svPPAY -0.02 (0.04) 0.613
IvPPAY Reference -
WAL S E S 0.00(0.00) 0.329
34 -0.19(0.05) 0.000
WHEF 0.02(0.00) 0.000
AQY 0.00(0.00) 0.074
PPA o}¥ 0.017
svPPAY -0.17(0.05) 0.002
IvPPAY Reference
A = S 0.01(0.01) 0.325
34 -0.14(0.10) 0.162
WA 0.02(0.01) 0.055
AQY 0.00(0.00) 0.338
PPA ©o}¥ 0.223
svPPAY -0.18(0.11) 0.092
lvPPAY Reference

USE: Standard error
? AQ: Aphasia Quotient

3 svPPA: semantic variant of PPA

Y1yPPA: logopenic variant of PPA
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A A o] 5 7] (Controlled Oral Word Association Test, COWAT)Z}A]+=
o13] A<+ sH(exical access ability)E FHAHs= FHAo|th® 2 Ao A
=

St 5ol o3 A= w8y AAAAI Jd=A YolE 1A} Spearman

hitney2] U= IvPPAS} svPPA Hwe] FE AAolEu7]
E g A3, svPPA Ao AAHolEd7l FRH(EHAT = 2.0,
919 W9l = 5.000] IvPPA Hukeo] S (FHG = 1

= 8.0)Et} ¥AdtH(p < 0.001) (% 16). Spearman F&3A 4 A3} &
ARolgt7 F3E F Felh 2o APASTE 0.366(p = 0
AdolE7] 39 WAkt EALY] AeAlaE= 0.682(p < 0.00DE, &
AdolEgt7l 8-S F FuA & B HAREAReE AA AL

AAT (3 17).

=
[ob)
%
| =

R 16. 5= A4olEW7] 34

A9 4=
PPA ©o}3 =91 Mann-Whitney %] U o3&
° 2
lvPPAY 2.0 5.0 27.00 <0.001
svPPA? 11.5 8.0

D 1vPPA: logopenic variant of PPA

2 syPPA: semantic variant of PPA
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® 17. BAol5t7] wdHY T dua 5, BYARNHEAL GEaA

W F JHi 5 gL O g AL
= Spearman &A1 0.366 0.582
Aol &
2] 85 0.028 <0.001
7]
N 36 32

2. PPA o}¥ 75 &F

7}, gl B Al

TTE a3E A7s] fletel AQ H57F 60 o4, 90 olakel vk
Z4HEE RF, DT, ANN 22o] 912 W4z Agath. AQ A A4 w9
gate g & WPPA #x 109(e=7), svPPA
1078 (o=5)°I1dtt. F 208 T 16We W9 F=E3sto] Fd dHolgAow,
U A 4S HaEAlS R ARESHSIT

Mann-Whitney®] U AAo=Z HluwssS o F I AQ HFol
ZRol7b glo] AQ He7b mAAH R AAHUTHP=0.247). ARl o]
Aol 7k - dle™  svPPA $E5¢] AR o] IWPPASAERUT fol kAl
SEkTHp=0.049). w5t AQile FJe 1+ Aol7b gldthp>0.05) (3
18).
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¥ 18. HAIHY dolEHA ol TEAETH WM

W PPA ol®  F9% 4:33&“ Wh?fjj; , RelaE

ks svPPAY 69.0 8.75 24.0 0.049
IvVPPA? 77.5 8.00

WEES svPPA 12.5 10.05 47.5 0.853
IVPPA 12.0 7.50

AQY svPPA 80.5 20.1 34.0 0.247
IVPPA 85.5 7.9

D' syPPA: semantic variant of PPA

? 1IvPPA: logopenic variant of PPA

g Rdle wE oly ER{ A4S vust A7, e g3E= REVL
40%, ANN©] 40%, DT7} 20%, SVMo] 20%=, ) HSw=r} $AA =50
n A2 skt (G 19).

IVPPA #5Fol tigt F1 A5 DT7F 0.33, RFSF ANNo] 0.400]%lt}.
svPPA #/F¢ F1 #H4E SVMe] 0.33, RF, ANNeo| 0.40°]lt} (% 19).
w2k lope9t svPPA EF RE9F ANNS AFE&1lS u) 71 2 BFE 3o
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#E 19. g5 Bdol] W& ofgH AF 7 AT Hlu
g5 =g PPA o}¥ e F1 A+ A= AN £
DT? svPPA 20% - 0.00 0.00
IVPPA 0.33 0.33 0.33
SvMm®¥ svPPA 20% 0.33 0.50 0.25
IvPPA - 0.00 0.00
RF” svPPA 40% 0.40 0.50 0.33
IvPPA 0.40 0.33 0.50
ANN? svPPA 40% 0.40 0.33 0.50
IvPPA 0.40 0.50 0.33
U PPA: Primary progressive aphasia
? 1IvPPA: logopenic variant PPA
Y DT: Decision Tree
Y SVM: Support Vector Machine
» RF: Random Forest
® ANN: Artificial Neural Network
PsyPPA: semantic variant of PPA
RS FaE 24
RFe] ®Wgo] Fa= #4 23, MDGZF 7 x2 HMSFE 3 dHia
FHen, 1 HZ  oul HS(E_ratio), FEAF HE(VA_ratio), A
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U =(TTR_VERB) A= vt wheba] wstako] [vPPASE svPPAE 7HE
F BReE 549 Aow etk MDATE 14 B W4 w9 & dHs

F(words_totaDe] 91 2™, FAFE(TTR_VERB), AGAF W&, BIA
Algo] I vro R =9kt (1" 3).

DTE $AF B =(TTR_VERB) % el F-(words_tota) 2 IvPPAS}
svPPAZ TEETHLY 4). F4 dolE el 84 161 wis A5k
AP THFETE 0.143 olskel AMES svPPAR EFEaL, 0.143 Z¥el

o

hAA = Arste = FJElA $7F 0.313 o]skel AMES svPPAE, 0.313

(o

271 A 8% F THS IWPPAR ®ERHETh S DTE ALY =7}
shal F FHa b B2 AMS svPPAR EREeH, $AF tkmTt
Ao ew 3 stEge] o B AbghS WPPAR ZRF3EHIT

4 2



words_total words_total o
TTR_VERB 2 E_ratio
VC ratio o VA ratio o
MM_ratio o TTR_VERB o
ClJ o MM _ratio
TTR_NOUN o VC_ratio
NN _ratio o VV _ratio o
NP_ratio < WX _ratio
NR._ratio o NP_NN
VA_ratio B IC_ratio
VX_ratio o MODIF
MA_ratio B Clu 2
IC_ratio o CONTFUNC o
JK _ratio < SUBS ]
JX_ratio o TTR o
JC _ratio B PRED <
XP_ratio o TTR_NOUN |©
XS _ratio < NN_ratio <
XR_ratio o NP _ratio o
CONT_ratio © NR_ratio 2
FUNC_ratio o MA_ratio o
CONTFUNC © JK ratio o
SUBS o JX_ratio o
PRED © JC_ratio 2
MODIF < XP_ratio o
POST B X5 _ratio 2
INTER o XR_ratio o
VV.NN © CONT _ratio |
E_ratio o FUNC_ratio |2
TIR POST o
T T T T T T T T T T T T T
10 05 00 05 10 15 20 00 02 04 06 08 10 12

MeanDecreaseAccuracy MeanDecreaseGini

a3 3. WYX AE WHEo FQLE I3, (‘words_total’= & A F
‘NN_ratio’=" A} H] &, ‘NP_ratio’=th " A} H] &, ‘NR_ratio’=<A} H] &,
‘VV_ratio’=&§A}  H]&, ‘VA_ratio’=8-8A} H]E&, VX ratio=HZEd HE&,
‘VC_ratio’=AAAF  H]E, ‘MM_ratio=%3A H]&, ‘MA_ratio’=FA} H]E,
‘IC_ratio’=7FFEAF  H]&, JK_ratio’=AZFAF  H]E  JX ratio=RZA}  HE,
JC_rati’o=%&FAF W&, C‘E_ratio’=°j"]  H]&, ‘XP_ratio’=HFAF H|&,
‘XS_ratio’=A 1A} H]&, ‘XR_ratio’=¢]<* H]&, ‘CONT_ratio’= u&o H|E,

‘FUNC_ratio’=715°] H]&, ‘CONTFUNC’=W]€0]:71%5], NP.NN’=tfgAL:gA}
VVNN'=§ALHAL SUBS =11 H]&, ‘PRED’=8<% H|&, ‘MODIF’=F2¢ H|&,
‘POST =3AA v &, ‘INTER’=5H< H] &, ‘CIU= Correct Information Unit ¥]&,
TTR="A 3] thd=, “TTRINOUN =HAIT}S = ,” TTR_VERB =& A4 %)
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1]
TTR_VERB

=0.143 =0.143

<0313 >0.313
N

Node 2 (n=4) 1 Node 4 (n = 3) ’ Node 5 (n = 8) ’
- 08 - 08
- 06 - 06
- 04 - 0.4
02 — 02

o~ 0 o~ 0

a" 4. AEA EYS FE. (‘TTRVERB=§AIHSE, ‘words_total’=3
He| & 5=, <1°=svPPA, ‘2’=IvPPA)

4 4



T AEee AAA Ak oy BES HEEdN wWada
x| EX

A, svPPA  &A45E  IWWPPA  FAbEol Hlste] WAL Bl FAe]
U E(diversity) SHolA Astd FdHS B o3 vYd=(lexical
diversity)¥t stxp7F @sto A AREEE o] 9lo] TRl dnid B27bE
=3y, 3kl o]3] A 2l(vocabulary  knowledge)¥ @ Ei:E Ed
o] 3 % (productive lexicon)e] A 7]o)%® 3t Az = L&A}t o3 tgdre=

Afrstal ARAIRE ol$7F FHE o] HALGFEH A dEiyRR ddoj9
nA SHI @A, ol dojtd HopoM= ofF] vyt ow

O

_

o] A EE AR

of A= Wb adAY HAAE S AP EAbel] digk o3
GYEs 28tk 1 23 svPPA #A50] IvPPA A Sl HlE] k=g
BARSE wARe] Bl | AQth A& SAW, svPPA #hAks <o) ARk

A WE A gardgla ¥kgE= vhH, [vPPA $HAlE “oxbrt ubets: ol g A
A BHHA Qe Aol elal WSSt svPPA $HA}Eo] AFE3E o]3] 9

ARG A olft old AE % o] An Aele] hE AP

¢
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< (temporal lobe)9l
A= AL

Aoz Awst = Qlrh. dwkd oz on A SF
Ao olw Awtyz A= FAFel dojr)
Sk (posterior)oll = ©  YwHAl(generic) o7} AAE=d4, svPPA
A= AR S5F5iel fFHI wEel  FAA "ol AFEo
AstE ek B 4 9k ofoll W] IvPPA $AES IvPPA A}
svPPA =0T ¢ 5, S5A0eHEHE H(posterior perisylvian)
34 (inferior  parietal  region)® =5 %43 A (temporoparietal
cortex))ol* AFE7] W FAAHQ To] AbEo] HuiFom FAHE
Zlolth. tal el ofu] x4 Aol geFo . Qlste] svPPA A9
W3h= IVPPA S50 wsto] BlE| ofF] vd=rt Aue 5AHE AYH,
ol A 7AsHA dolomw FukAE 4= i)
EodFeA #EE = g2 FvEe He WPPA #AEo] svPPA
AEEY T FEHA TR SHT Il u widte Aotk ol
ek b wdstge]  Aolrp glukn wHEl ME Aok dAISHHA] &=
Aol r} 81415 [yPPAQ] uhElaFo] syPPAC W& A YEld o] IvPPA
FAE0] svPPA FAERTE o3 QE(lexical retrieval) T2 o] ¢ HEFH
ouiA o g AfEE dolES o Wol AEsSl7] |t} IVPPA 352
svPPA  SASHY  F& AAdelEdr] HA(COWATan) 3=l Y
w3, COWATani= 7] @A(cue)E AHEste] wolE drput w27
A= & dex, g gu)F Aol de wojed drht Hol
HZ(access)d & U=AE F4FH® = IVPPA 452 svPPA ghA&0
Hs) siwrbete FAS AuEs of3E o Bol AkEgk Zlojth &gt
COWATani 32 & e o v Advh. mebq  vPPA
= o3E o #H JAET By oy ouFow AREE o35
g FAFoR HAE Aow olald & Uk oA
4 6

A5
Bl 19



agoA REolEs sk F-Eo tiEl svPPA FAES «grol s Z
=3 Qupr m: «gkold] EWA” AEZ HANSARH IWPPA EAES
“rom mHgE "oyt Abghs W= o vpbAe] B E ot w2
o] 7 IvPPA #AEL ‘R o AAH 4,

VAP, AY T guHo R dAdEHE offES "iirby st Hols
7 Aoe7 Bt o83 A= IVPPA FAES w3l Exo] AR
SHolA = svPPA Bt O fFsttial #rkEd ¢ dss ovdh 2
&4 (speech fluency) H7lolye 23 £u(Ed @ E13
Al ZF(speaking time), W3FEF o3 e FJHAL T FTFHOE
THET2 [vPPA 3A}E9] whel= vl g3k 2
A AolToR ERFHe svPPAY T3P A FAAAS Hole Zlow
defx] UAnk? o)== IvPPAS w3l @ Q& EAlE Qe st AF)
£r7b =gan, @t b FAE A7) ool vh s wekq F3Ad e S,
A SR M= svPPA SAEERT HlRsiva HrkE ¢ AR
hleko] =wo A= syPPART o £33 WS A4

g 2 ATl gr A EFo =R ldte] svPPA A=)
l, &AL F8AF 59 AF7F WPPA FAERTE Ha, HALE
A= thAlste]  IvPPA  SAbERT HARYIREARZE 2R Zloldtal
FAsA oY, W&o Y sy wAhtEAPe = Y IF o]t
gy ofg] Aol A svPPA $kakEo] Abdtstol A Wigo], dE& 5o BANE
AefetAg A= dixlste] L AT AstE e AS dEekginysena 1
Aol ARt A8 Ao Aol Ak o)+
A= = A AA= AP Aok dY AT FTEE A
oty A3 FolA AAE uiel o], HolF T

%

=
B2 %S = W] e $AH BA % A7t

_4

=
ofo
2
)

>~
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Towol meh daph "ebd o gloh 8ol Jlael Al IvPPASE svPPA
GAbs ] AfelE wEeh AF Aosens gintol A svPPA fxb=9] Qo]
W7 A7k WPPA Sk RY o uvbekth Jdel . Fehal o] AgE
TTEE HANA @At FImel UiY FEe]l AFHA @kl

wWeba g s ugol AE ASRE ou el o] of AxAe)

HART AR 9 g0l Aol A 2ol I
IVPPAS} svPPA SxtEo] FEHoz o3 A% £A(lexical retrieval
deficis Hol7] wZolth. Akt APet COWATani 33 A4
FHAAE Ao nE WAL HEAPE 3] dF FE] ARE AHEEHS &
T Atk o3 Q1F &2 IvPPASH svPPAQ] 27| WA A RE FEAH R
U= 54z deA ¥ & dFolME F PPA o}l T olF
AE TAlE TwtsteR Wahtiigapel zfol7h gllw Ao ' Eold

= A9 B FAMd(grammaticality)s RFEShE HAREAD,
‘) g-o]:7] 5015 A IvPPASE svPPA Zboll ZFol7t 9l& Aoz F53% o
oA 7 Aelrh gldlth ol& IPPASE svPPAZE WA SolA
FolmstAl vE2A gus As gudd. lEol(HAL B d8Abe
=0l ujE Fom, Tlgoi(d. ofv], A= A T2E AT S

WgelvlselE dd sk WeH SEn BHA Sl ojwi

)

=
4 Bl weh @eih vbeo] il A% WA (agrammatism) & FFSHE

wala]  ggoli7)sold zpolzb gltk:E AE T ofdlo] nH|LE pxo
Ach= A PAbEAPO Zpol 7 gtk A

e
AEH A [vPPAS svPPAZF xFol7) U S-& o) n) ),

M
AC)
Rl
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HoAGE 294 d FAA oA svPPASF IvPPA o3 9 EFAL 2= EAS
Hlastglom, volrt FAME RBIFR Sk oy s BRVIE WEILA
T A3, svPPA $AEL IVPPA SxMEo| uld) WAL ek
SAF gl ko [vPPA AELS svPPA $HAHE
F7 Be Aow yehgrh =3 AQ7F 60~90 Alelel 3
AH&SEaL DT, RF, SVM, ANN &ag]Fo s FAF 4t s 33 As
1= 944 o3t %o AFgEvto] AT
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ABSTRACT

A classification of semantic and logopenic primary progressive aphasia:
morphological and machine learning analysis

Da Hei Jung

Graduate Program in Speech-Language Pathology
The Graduate School, Yonsei University

(Directed by Professor Hyang Hee Kim)

Primary progressive aphasia (PPA) is a progressive neurodegenerative disease that
leads to a gradual loss of language skills. PPA is subcategorized into the non-fluent variant
(nfvPPA), semantic variant (SvPPA), and logopenic variant (IvPPA). This study analyzed
the grammatical morphemes produced by patients with IvPPA and svPPA in a picture
description task and deduced linguistic variables that can be used for a differential
diagnosis of the two PPA subtypes. The accuracy of variables as distinguishing
characteristics of IvPPA and svPPA was evaluated using machine learning.

Data from 16 svPPA (F = 6, age =70.4 £ 6.23 years) and 20 I[vPPA patients (F = 10,

age=71.6 = 9.13 years) were analyzed. The patients’ responses in the picture description
task from the Paradise Korea Western Aphasia Battery-Revised (P-K-WAB-R) were

transcribed and parts of speech (POS) for each morpheme were tagged using UTagger, a
Korean morphological analyzer. The POS tags were analyzed in terms of tokens and ratios
(POS:total number of morphemes, noun:verb, and noun:pronoun) and compared between
groups after adjusting for age, education level, language severity, and sex. POS were also
analyzed after categorizing into content words and function words, and substantive,
predicate, modifier, and postpositional particle. Tokens and ratios for each category were
analyzed according to PPA subtypes. Correct information units (ClIUs) and type-token

ratios (TTR) were also compared between groups.
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For automatic subtyping, data from patients with an aphasia quotient (AQ) between
60 and 90 were used as the dataset. The Decision Tree (DT), Random Forests (RF),
Artificial Neural Network (ANN), and Support Vector Machines (SVMs) were trained
using the aforementioned morphological variables, and classification results were
compared in terms of accuracy, F1 score, precision, and recall. A variable importance
analysis was performed to identify variables that best classify the two PPA subtypes.

Results showed that svPPA patients had a lower noun TTR than IvPPA patients, while
IVPPA patients produced a greater number of morphemes compared to svPPA patients. The
best-performing classification models were SVM and RF each with 40% accuracy, and
verb TTR and the total number of morphemes were the best discriminating characteristics.
Explanations for low automatic subtyping performance were suggested in terms of
language severity, and the importance of confounding variables in the morphological
analysis was highlighted. Further longitudinal studies involving patients with PPA
analyzing the morphological production and cross-sectional studies including patients with

varying severity are required for more conclusive evidence.

Key Words: Primary progressive aphasia; morpheme; automatic classification;
parts-of-speech
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