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Table 1. Research on pause in primary progressive aphasia
Year Authors Title
2003 : : o
Sonty et al. Primary progressive aphasia: PPA and the language network
2004 . . . . . . .
Maria et al. Cognition and anatomy in three variants of primary progressive aphasia
2006 Ash et al Trying to tell a tale: discourse impairments in progressive aphasia and
sh et al.
frontotemporal dementia
2008 Gorno et al. The logopenic/phonological variant of primary progressive aphasia
2010 Wilson et al. Connected speech production in thre? variants of primary progressive
aphasia
2012 S P : :
Jonathan et al. Alzheimer's pathology in primary progressive aphasia.
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1.2. o]&4 W7

PPAE= o] Z7], ol&d7], 734, i A8, @] oldlE x&sto],
Aol EE S #AE £ Qe ATl AAE], FXFoR Py =
‘A A ZE=3 G (focal dementia syndrome)’ ©]tH. PPAS] o}d L
AAA, AABTA, AN 54S dEdE E, Aoz Adte] uje,
H]-+%3 (non—fluent variant of PPA, ©]3&} nfvPPA), 2]7]& (semantic
variant of PPA, ©]3} svPPA), W3}5=3 (logopenic variant of PPA, ©|3d}
IVPPA) 9] 37}A 2 BFeurp4s,

APA v+ 2o]=(progressive nonfluent aphasia: PNFA) S %
=8 7|% sk nfvPPATS 27t =2l =9 B3 (effortful speech) &
Ho|m3637 g wA= (apraxia of speech, ©]3F AOS)S Ewhsic)o,
w3 B EY A H3E ey AEHS (agrammatism) 3 8470 25131
TE Ao Fds EAow IS & ddo] oldgy AlE XA &
FAAGS g oR nfvPPALE #F HZIF 993 FH Jdd HS
3159 (left inferior frontal cortex) % ¥4 (insular) $% 3 ¥ w367
Hystxor Ay wi= v A7 AE 8 (corticobasal degeneration: CBD) 2. &
s EAsttk. 53] AOSE  wwket A B R ek dAsH

_|_.

N

svPPAT2 #-33t H8gA AojZ(fluent progressive aphasia) O.&
BHdo], fFsty HFHAOoR A Tg A& ez o
webgety] sEe REHYY, AZE WA AZF(anomia) ¥ Qw7

A3 (semantic memory deficits), ¥ 21 44 (loss of word meaning) *?,
ko] ols]g &/ (single—word comprehension deficit) S SO =
shopisdt sl o) E e Wél7) (circumlocution), &W A Zo]ZE (semantic
paraphasia), WEAHS JHEHZ wo] 27| (word—finding) & of#=°]
UEPGTH, syPPATS oF 9] vl F 2 1E5F9 9% (asymmetric anterior
temporal lobe atrophy) ¥} A E nfvPPA 3} sk
AFSF9HA (frontotemporal  lobar  degeneration, ©]3F FTLD) <]
FAGPO, olu svPPATS F2 FF 559, nfvPPATS FHZ AFHY
Wl wskel A



IVPPAT2 £49 & o]d] 59 (syntactic comprehension) ¥ T &9]
™l o] Eth”7] (confrontation naming), g} ©3}7] (repetition) 2] A=
ERo=w 3y, £ W&o Ady /] @] 5% 719 ZAF(short—term
phonological memory deficit) & UYERHTE Hok #HA o2 kA ut
Astst FAS A wo] #7] Aol (word finding difficulties) & 213F
gl Al o), m¥ TEEE 507 ittt
ch deto] ols5E W ondAE 3 (semantic association abilities) <
REHY, AW ST (agrammatism) 3 ZoF ol (articulation  deficits) =
ontAo)x] &b |yPPAT-E Fu o] £=%9 1A (left posterior temporal
cortex) ¥} = F A A S (temporoparietal junction), L=
112] (phonological loop) % &% A3 (phonological store)® THHA
#Hwo  &FH < (left inferior parietal lobule) $1Fo] 71918} w 36,
Haegtr oz d=slolmyyl PHEPG o] WPPATCR Hgd dxt=
e PPA oy g Aod Aol Azsd wizkx] FA AR
35 (negative behaviors)©o] WEYA] k&= AARSH, o= AW
AP 1 u A o Fo w§ Fesit

olelgt PPA oo wE Wz SAL 2 o|Fur/|v ARt #A
A, @l EWA Wl FAM(word—class) el wEl YRS
O3 FAlE @) 9n|, Ve, a9 22 ERE A wel
(@]

Mo

1o o

=

e

H =
EUSHID
1963 Fxd srwity]EAdct

_/l:

9,;1

Aow w4 A¥om % & gt o
Wy Selerel FAE BAL AL $Ah 2AR BAL F8AL BEAL
Ah el 5O 9FAL AAZ FRAGS. o]F wolo s)% uhe
RESE A, §9, BAA, £49, 59 Fo= s 5 Ak B &
F Fol, mAHol molz zoli Alde BAA WAL uEAL Ak
Agolql §odlE Bk FEAE ZFEC FAANE B AL
TEY, By AT EAsE wAde 2L SYAS gl
_SH%:J_E]_SSAE%'

FAE v AN & 9w AF BA, BA EA & 4HF0E
wedstel, 450 54 Fabel oe ATE EE bl 5o ma
WARSE BAke] M Ae s)Ale] Aolel mel FAbl mpE Eaol vhehg £
ol H¥A & BAY A WAL AFG &3 BAY A B4



g A

o]

olgth7lol F7F © WWEA yehdoh? old #=
AHS  Hole  syPPATS AL #HAF TP 9
nfvPPATE $AF ol g 7]ol &4 :

svPPA &z} W ou] X1 (semantic dementia, ©]3} SD) $xFe] o]n]
A2 &S AR, FAA Al 2 EE Ak WAE FARE] UlEo
AbZo]  JF wxE Aoz RuHALP!. svPPATY A UEolE
ket ALY, dEd Zele 54S Holwt! FARUT WAL o]EthY)
Agro] o AA JebRtl? ol &AbE 03] - 9] %A (lexical-semantic
representations) ¥ thAe]  Juixlze WA HEAo]  AbEe] gt
m}=3 (mapping) &] &0 = Qla WA, ojg} e WAL o]Fthr] A
FENE7L E3 FAAH0|H B to] EHOo R o]y,

IVPPA-S] A9 o]Fdh7] HAeA ALl FAF AFE W o]3] RSl
T OEAF F F AolE Holx @gkouy® ddwutsl(narrative speech)
FAANME WA A ool BEEJG. wkd, 7]y
o =3}o] ¥ (amnestic Alzheimer disease; ©|3} aAD)<¢} IvPPA 9 Z-
Aol EAS vuwd AdPAFel s WPPA &AM aADe] vl&] o A&
ZAb 9 HEAL ¢ Be HEA(filler) @) AFEY ) ¢ H& 49 v &)
2 2,
nfvPPATS A oldl 2 FAF o]Fui7]el ojElgo] #HEEW
el R ol olgFth7leld o FEHAA UErET. olxs
HEs RS nfvPPAT AR FAFS] FE] =& wel FAF "}%ﬂ
e UERths A o] Axlel AR 00 wak o) HES
2lo]<= (aphasia resulting from stroke, ©]3} StrAph) ¥ PPA ﬂx}J
Akl wE olFdly] Ads Hlwd ATelA F o vEWE IF
StrAg(agrammatic, Broca's) ¥ nfvPPAT©o] WAle] Hl&] FAF A= U
ol ¥ & ojEaS Btk AAAF] Aypel AT

o, flek ZE FAbel mE olF¥ Aole FE olFUY] HAA
"WALRE FARel]  gheto] wlmE AT EARYL ESAFE AlQISE FAFY] A
olFt7] Al W& SA fFESk=d 2 SATE o], BEE FAMEC]
Hl 2] oheFstAl "‘}%H—E HAE B2 zfo] Hla 7} o] Fojxol & Flo|r},

PPA Xet W E5& A Aol 22 S, 7159, A4 AHAL

S

v

o
M 2

KX
=

o

b mh H{E oA

H o g 2



AA g <doje] Tk FFAA HHE Fe AAM AR s
T % (neuroimaging) % A1 w28

AT Aol wEw PPAS uiE w-ddo] A FE FHN o
915270 53] FTLD % CBDel 71dstyd, =574

o] (clinical variants) @} —<¢lo] UELAS 7f¥E ¥ JI39 AAALS
ofds] w3},

|
slo] o o] Qs
speech—language pathologists)?] <& 4l
APt oju gzl AAusl B AAME & rlrE
Ao o] 7% AstE vxtdAoer HrE £ Qe Hrp hHo gt
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o,
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_>|: O:
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B ofo X odu o omd
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8 12 ol o Mz X iz
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| Bt 2R 5

S F8 RE S g

% 19729 (picture description) < tAAAl 19 A
A7 Aol Al destAY B3bst s HARskE 9ol
AstEE shth o] A3tz 7ol & o|Esta gnE A
o Wol gEeks H7E Wilolxt, ade] ZAE ;A o4 AR
AE&FA, AA, B2, Fa)7h EdEojof 2z Ayl
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g&4o] "ojd & Qv dis 7T se

ATNA= FErol A sk gA® HojF  AHAAF 7N (Paradise

Korean version of the Western Aphasia Battery Revised, ¢]3F PK—-WAB-—

RO dwk a9 d9 e Agetdn 2 dveld: oy

M) BANAY AZust BN Ba PPA B4 Bael 54 F T
4 (speech fluency) & 2y B 112} G}E}

ulrg EAS BAA =Wy wo] &

},
‘Ij
’*1 8 ol */‘\‘L:_-ﬂ‘ E};}ﬂ

ofN FR o ofN &
ko o of\ to kd (B
1o
flo %
oo

ol
No1o N
i,
©
I

=]
N

_O|L

©

=

oX

o

s
ot

1

A

o4
5

|

oo rlo
_V:I,

S0l Al AsES o) gasl ojgow g

Zhetts A Aakel BAsgY. oS dAo A 4
B4 e Adel olg £e W 85 A9 9
J Qs Hhe = glom!tn0 Ho %E% PPA?9] tho
% A% (word retrieval deficits) & e 5 Qb

< ATelM = PPA $AbE A dstar T':TI‘O]'7] S5k wlo] e wpA 2 A
o Fe4dE Azxsta Y. dHd oopr] abEolA el el RIE
AZHE EAsE A3 AGFAate] wE, PPA Al ofd BEFoA Al
e o %S 49 ¥E(pause rate)o] TEHJGP, o= Et 7] A
L Avg AN A AR Bl d AFtelA], nfvPPAT, IvPPAT ]
el vle el Akl o AA yEhd Aer R A4t As

Toxwd AdojF o] mE 49 AHE Hlwd APAFeM e
78 AolF SxpsoAlM F33 Hdojs =Rt 42 A& Algte] ¢

HJ th
oox g oah ©
2 1o ogh 1o

jh
=

0
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PPA o}3ef w& 2o o] et #AFHATE nfvPPATS] A o]o}/]
Kol

2bE BAe A svPPAT, IWPPAT I8l FATERT ¢ B 4
At om, A A e fFolstAl Alom P2 el7] s el A
IWPPAT, el wlal o 11 Ao AHAzbe] AT o]zl

nfvPPATSl F7Hd 2 ARt b5 95 (eft inferior frontal
atrophy) ¥ ]z gl e Y}l Akl E}-$- 9 A (cerebrospinal
phosphorylated tau) & $=x1¢} AP A7 B uE e

AAL3 HA A IVPPATS svPPAT, Aol HlE] =& 49 Hl&
270 A ARE YERog T R Ao A= IvPPAT Y svPPAT
) Fos 49 Zolzp BEEA FhP. mmE Fael7] mhA oA
IVPPATE 74=tell vlal 71 4 Algre] #EE oY, HlEoA nfvPPAT 2}
A 4 EAge,

WPPATS A% =d @ xg od AF AY, LwEY FF
- T ?_

)
e 5HoR 3 g A = svPPAY @ nfvPPAT Y
THHE T30 AR 434S M #xE E2HAGOETE AAE 274
Togopenic &4 = 1 dA FTAL, aE QE FY HFHowm
AoElgom™  FHTer FHY 3g, wo] od FHol Ao
HEHAT= Ae fcksto], &l U Qg 47 & P el "=
WA 5How st o

AR o2 svPPAZS Ag, #T E4E EFHY nfvPPAT,
WPPAT ¥ Hu s W e H ARb uhe g wE e g
NRge W 4 AFAES 22 4 wlEo] #AZHSUGHTY. o, 4R

A

ATl A= svPPAT ¥ IWPPA, A7 7+e] 2ol f-o5kA] bkt ™ol
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1.3. 4+ &4
B oo A FAE ey gl

b o Adgetr]T FHAelA ul oFd, & Al PPA ol (svPPA,
IVPPA, nfvPPA) W HAF 1rel] th3-2] ®HAolA ofd Zhol| xfol7}t Sl&71?

U4 a® dw@el wAA ] ok, = A PPA o#F (svPPA,
IWPPA, nfvPPA) B BAES FAMEAL BAL @EAL HAD zbe] thed
Melel A wkol 7} 97t

1) 2 A7

Y

-
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2 dATe dAdsEd ABRgdaEd dAFdedse Fels v
dAlE A 9 $34 AT (IRB W3 4-2023-1647) 0tk A% AT
HA(RB W=: 4-2018-1032)° 58 &A= T 22 57 A7l
Mo Fog s e W A AElE Fall RS A o=
AT thdAbel skt

A Ay, AR A 717J£ 20184 11°JHE1 20244

A,
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NG
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flo
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s
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ol
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o

L
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A

N

N

N
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N
-
g

ml
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.

Jo
ey

B a4 Hay
o) 3
=

i)
it o
on |o
X
ﬂiﬁ o,

i
[o
o i,
>
i
(AT
SO
S 4
fe rr o
B

ol A LE AT FAEE] PPA ofF > 94 A
© % Gorno—Tempini et al.(2011) %] A 7]F&S AFE35fo
T 22 5 HAHA 30x o]de] Il o] Fo A A oot
57 FFeAY, W udete] dst Aol F53 AT
glstaleh. 32F 2 gl 39 PPA s Holw B Eo
o7 FreAA e AF tidelA Agegith oo wet
B oo ze 7% ] % 3= syPPA #4= % 91, [vPPA
99, nfvPPA 3HA}+= 119 o)t (Appendix 1)
7Y AE, A= ’“%@]7]{}% 2024 2€ 134HH 20244
o, X3 Ve oggy g A AA AT Fol A4
A2 F 1) " 554 o]ke] A]l 2) o] ¢ o
o] ¢l Ak 3) AlY W FHHYo AT KA
] ) AR AAA Ao g ARk Aol gl A
5) st=3 Zro] A Al AF(Korean Mini Mental State Examination, ©]3}
K—MMSE)o|A 2473 oJo=z QAo o]o] g AE Aoz
stk ol wef HFHoR & AFe E3 VT T AT
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% 219°] At (Appendix 1).

svPPAT, IWPPAT, nfvPPAT, AAdTe 7 Q1484 AH= o5
2t} (Table 2). 994 v & svPPA 44.4%, IvPPA 57.9%, nfvPPA 54.6%,
AT 52.4%2A4 FAACR FoFA  &UTH(p=0.928). HAIAHS
svPPA 68.89+9.434], IvPPA 72.16%£9.194], nfvPPA 68.55+7.724,
g 67.57E9.47TAEA ofF 1t xol7b frelekAl &Skt (p=0.429). Bt
BE5dFE svyPPA 14.00£5.36\d, IvPPA  12.89%3.624d, nfvPPA
10.64+£4.06d, AAT 13.38£3.23d02A o8 3+ Aol7t {oekA
At (p=0.243).

Hd K-MMSEE svPPA 21.33%7.18%, IVvPPA 22744573,
nfvPPA 18.27%+4.63%, AAT 27.24+1.79802A AATo] svPPA,
IVPPA, nfvPPATRT =4TH(p<0.001). @&, A7+ 7+ xpol= ¢t
Hi AQE svPPA 61.74+18.20%, IvPPA 84.47£10.427%, nfvPPA
61.67+14.954, AATF  94.90X0.008°c7A4, AAFo]  svPPA,
nfvPPATHT Fom gt ko] Aol= Gl H 3 A=
svPPA 7.78£1.30%, IvPPA 8.42+1.43%, nfvPPA 4.00£1.414, AA T
9.38+£0.808 2 AATo] nfvyPPATET} E9kom, a7 7+ xfol:=
AT
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Table2. Demographic comparison of study participants

PPA, Mean(SD)
Controls value
SVPPA IvPPA nfvPPA (n=21) P
(n=9) (n=19) (n=11)
M 5(55.6%) 8(42.1%) 5(45.5%) 10(47.6%)
Gi:;‘er 0.928
F o 4(44.4%) 11(57.9%) 6(54.5%) 11(52.4%)
Age
o 68.89(9.43) 72.16(9.19) 68.55(7.72) 67.57(9.47) 0.429
—_—
d?;ra:)'on 14.00(5.36) 12.89(3.62) 10.64(4.06) 13.38(3.23) 0.243
K-MMSE ~ 2133(7.18)7  2274(457)%  1827(4.63)T  27.24(L79) <0.001
AQ 6174(1820)1  84.47(1042)  6L67(14.95)'  94.90(0.00) <0.001
Fluency 7.78(1.30) 8.42(1.43) 4.00(1.41) 9.38(0.80) ' <0.001

PPA, primary progressive aphasia; SD, standard deviation; svPPA, semantic variant of PPA; IVPPA, logopenic

variant of PPA; nfvPPA, non-fluent variant of PPA; M, male; F, female; yrs, year; K-MMSE, Korean-Mini
Mental State Examination; AQ, aphasia quotient

1 Significantly different in comparison between controls and svPPA
”:Signiﬁcantly different in comparison between controls and IvPPA

T Significantly different in comparison between controls and nfvPPA
p< .05
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2.2. A4 Az}t
2.2.1. A7 3

T s FHE sk FEitfela sty dAE AHojF: AL
MNP PK-WAB-R)S  ‘Axax T3] &5 o 2949 IAE
ol gttt . ¥ Av A A$  TEWrh; 1% (Appendix 2)&
AR, tdA el A AT RE IS F HAL, I"eA F& o]
HojAa QA AelA zpAe] Ayl BAQ.” i AAElth 1"
e Ude ALY, dgdoe® wkEEhe A9 vhedt
FOZ, AAMSHA AWsiFAL” gt AAEgith S s Fad

ol

AT )&}
AL ‘o] w2 FA AL gloArte? Hu AES F7F owrss
skt

2.2.2. A5 &4
2.2.2.1. &3} AA}

2 Ao B35 w3l xms dApEo] do] Hrp AstelA aHAdY
WA wkSo] wSH A HES Online Cutter TEITHS AFE3fo] w3t
T =1 AA}EYT AAlE AxA o F Speech—To—Text(STT) Av] A9l

Ylolw el Z=Zu “E(v. 1.9.9, NAVER Corp, Gyeonggi—do, KR)Z
sfo] o]Fo R, olaH o R AFAI S FAdS HFHS 4 A

a8

Bt giarzke] wkeS Axe BAE wde 7133 9](1998) 7F
AAsE 3 R A=A (Appendix 3) 9 71FE FHxsto] W W R B4 &
ol " w99, SA W97 BAEAT

285 do] ek dAAAQl Aol Il whsli= o] WY EA ook,
A oAaw WEEE Y9AZ 7R

wolE A4ET AU me fewe §4 A FIeTE 5
7AW, =4 7o Sl web g Holeh RIETE A= [
ARAAE JERAGT. olo] B dFeMi HHE w9 w3, oF,
gae ol e 48 RAAG,
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~E + (Appendix 4)° 7V|Es Fxste] ©o o=
TESFAT. o]F FAF B AlAEL FElA (ver. 4, UOU, KLPL, Ulsan,
KR)" & &dlA 24 #FAE EF3FJF(Fig 1).  ‘FHIAUTagger)’ +
storol FElA A ATelA TP wWol AREHE HIAJI AHF
B 24 oA AFS-Sh= EFAF(EAL, diEAE FAF FAE, BEAE HEEA,
AR, TYHAE FAY AL AR, BEAN JEZRAE oR], HFAL
HAulAb, o) E 7o R FFSh)

2 A= 1 5 st FAF T P =2 HlEgl v

%
FAE AT AEstel £RAAT. ol BAECl WER ol

Az} vy woli siFshs FAF gl BAelM Al sint
QE7H4 B2

R BYY U 5104 W 28+ US4y

MEA WEAED BTl WEIDO e OS UMY
2 EC

18 20| F2)2| A 2 e

O1/¥%+ W fEC HO| NV~ 1 fEC 201X+ 11/EC O _D2/NNG+E_0B/XSN+ /X (32]_C1/NP+ALZIKB FUNP &_D1/W= 1 /EC §1_01V

X 2 fEC C4_01/NE=A1/IKB 2 _D1/NNG 2_01/NNG+O|/KC OsLVEN + /EC

Fig 1. Examples of word-class tagging using UTagger
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[\
\V]
\G]
w

12
X,
bt
M
1%

v}

FHE ¥ e ST B4 ZF 739l Praat(ver. 6.3.14, IPS,
UvA, AMS, NL)& o]g§3to] #4183tk (Fig 2). ¥ AFeA= #dsolv
GZE oA FHREE= BAARAZF(voice onset time, ©]sF VOT), =

Z54 FA (articulatory pause) S TESHA &1 AAH 4o EgHSHo]
0.1%(100ms) ©]A29 A& AI7+S oz BRI do] sy o)y
A, BE5 9ot Aakerdow, As, FEAR E, o]f]e] A (4 dhsm,
o, 71F, waE)e FFX FEoer FAS BT d 31
A F Y. A2 A e wet wksl 3F ofd 3 o d U2 e
wAEA T, 3 EFA whEl ZF FAF AlE dAA Y B SR U
=AY, 2 54 w4 A AMEEHeE 4 SAXES ey 2o
A o] 5+ T}

b A Az FZe FEelA 100ms(0.1%) oo HE& Fito] yERd

e A%

@ AA g AlZk ek h 2 o] yEbus Al | AR

@ 23} b AZE dske) s Aol yrERbs 4 AIRE

© 23 ARk 23 (o] i W)l vEhe AR

@ od 7 4 ARk ofFd 3 o Apolofl yEh= AR

® o2 W 4 ARk shte ofd TRl d 3 5 Abolel dEhe 4
Az

® FAF bzl whE A AR Z FAREAE, FAE AR, A AR el
Uetu= 4 AR

138



® o W 42 v&: Y oFd A SHY FE Alole] e
e

’1‘}%01] mE F vE b FAFEAE BAE P84 FAD AFE A
(th) @stdol: wslo] F 4 5 F I3l 2 e o e J 54
<= (syllables per utterance, SPU) S veld Zojt},

(2h =3

=
AR

oty
oLy
rlr
Y
_\|\I_,
N
{o

T AS gl vebd SEE mpA )k 9ol ypeht
<749 (syllables per second, SPS) & YERH Zo|ty,

02549 ~ non-modifiable copy of sound

i s %M”*"“MMW“HW 0

Fig 2. Examples of speech waveform analysis using Praat
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2.2.3. B4 £A4

FA FA o+ SPSS(ver. IBM SPSS Statistics 29, IBM, Armonk, NY,
USA) Z2I3s AREsilvh. A4 Kolmogorov—Smirnovs ©]-83}]
A AT

PPA A3 el weE Ao xolE AR A w4 (chi-
square test) & A8 01, PPA A a3} el wE A%, a5ds, K-
MMSE, AQ, 34 #H+ AolE A#R 1A Kruskal-Wallis HAE
AA AT

PPA A3l Aol AW, A%, w5357 4 A7k vg, wsido)
ul Eo) njx= gFH S BAE A Awkdl A48 23 (generalized linear
model) & AHEEFe] R4S AA A} oWl HAFy PPA ofd zke] A
A7} 2pol2 Azt s 4TS E WEE AAste] v wskqlh

e A A, asdsE F 4 ANT Hg, wsido] W Lo

HMeEE SASE W, PPA Jud Adwel wE T8
Hol=Xx] A3tz Udtst A3 T3 (generalized linear
9}2131 AP o7 Hy 2 17 (Bonferroni

npxjeto g 7} 0}63 141 APESE FAbe] wWE 4 AR vEe] AolE
AHE7] 98 Mann—Whitney U #A3& AAST e 249 FA4

FoFFL 0.05% 7|+=o 2 3.
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2.24. AFE 4

ArtAE O AFEel HARE 7F AFREE Sy e, dA AR
10%°l eHF=+= 678e T2+l ﬁﬂ—i%} Atk Al AR ARl AL, xﬂz
ArtA= Ao e gt ZAAOE AN 19 AA S
A2 A 2112 AXFAFA A +A Xl@oﬂ
S AN T B EE S
2 3} Cronbach s alpha Ads 2 Az A5
A4 .996, 23k 3+ 981, wa W 999, oJd 3+ 997, ofd u .984,
A998, FAF 997, FE&AF 991, HAF 997011, 4 ¥]&9 A$
AA 993, w3k 1+ 920, sk W 910, & FF 999, & u .826,
AL 987, &AF 989, FEAF 999, HAF 979% yElytth. wsldol= 993,
1R .874i LHEFRE T

AAA 2 AFEE BA A¥ Cronbach’ s alpha AlFE AAMA 7
AFE B4 A3 Cronbach’ s alpha A+ 4 A9l A-$ A 981,
el F 973, ek o 997, o& 7k 971, o} W 983, WAL .997,
A 993, FEAF 965, F-AF .98801%la, A HIES A AA 989, 3}
F 921, 3} o 884, o1& 2+ 999, oJE W .833, WA} .985, FAF 974,
A 997, FAF 988FE YElWTE F #Ildol= 973, WelE ks 874E
L ERS T

)
okl
<
o o
1%
r{o
= rU
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3. 47 2%

3.1. o} 7+ 4 A3t
3.1.1. 9= 4 A3t
3.1.1.1. A ¢ A~z

A g AbE 5 ez e ), dFeds 243 Ao (Table
39k Zrh  svPPAT (p=0.457), IVPPAT (p=0.094)9 HA 4 Ak

4
AT Folet Zpol 7k gl ¥, nfvPPAT S A A
H13] 3.71+0.61% 4 ARow FAPC =3 wsds
oot J&FS v H T (p=0.004).

Table 3. Factors affecting total pause duration

Factor B(SE) p value
Gender, female -0.43(0.42) 0.306
Age 0.01(0.02) 0.791
Years of education -0.16(0.06) 0.004
PPA subtype
Controls Reference
SVPPA 0.47(0.63) 0.457
IVPPA 0.86(0.51) 0.094
nfvPPA 3.71(0.61) <0.001

Results of a generalized linear model analysis for total pause duration, with gender, age, years of education,
and PPA subtype as predictors.

SE, Standard Error; PPA, primary progressive aphasia; svPPA, semantic variant of PPA; IvPPA, logopenic
variant of PPA; nfvPPA, non-fluent variant of PPA

p<.05
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zb ofg el wHdTE SAlste] F4st PPA ofg¥ AA 4 Az
A= (Table 4) 8 2tk AA € A1 Y3 45 nfvPPAT, IWPPAT,
svPPAT, A o2 dgen o ofF 1 Holrt FAFO=E
4 9154t (p<0.001). T3 o}y 7t FolE Eld Ay
nfvPPAT (4.87£0.50%)© svPPAT (1.62+0.54%),
IVPPAT(1.99+0.37%), (1.1 35%) Kt} 2] skl
AT (p<0.001). o]ef tisk o} A ¢ Agke #3x &= (Fig 3) 3 o

_

Table 4. Total pause duration between groups

PPA, Mean(SD)

Variable Controls p value
svPPA IVPPA nfvPPA
Total pause
1.62(0.54)* 1.99(0.37)8 4.87(0.50) 18f 1.12(0.35) f .
duration (054) 037 (050) (035 <0.001

The mean and standard deviation of total pause duration, estimated using a generalized linear model with years
of education as a covariate.

SD, Standard Deviation; PPA, primary progressive aphasia; svPPA, semantic variant of PPA; IVPPA, logopenic
variant of PPA; nfvPPA, non-fluent variant of PPA

t Significantly different in comparison between svPPA and nfvPPA
$ Significantly different in comparison between IvPPA and nfvPPA

T Significantly different in comparison between controls and nfvPPA
p<.05
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Fig 3. Total pause duration distribution between groups
SVPPA, semantic variant of PPA; IVPPA, logopenic variant of PPA; nfvPPA, non-fluent variant of PPA
*

p<.05
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3.1.1.2. &3 7+ 4 A3t

el b d AE 5 WSE 98 o, Jgecls A4
(Table 5)9F #rt}. svPPAT (p=0.358)9 23 7+ 4 A7+e AA+3
G938 xpoj7t Uil whH, IvPPAY, nfvPPATS] 2 zb

4 A=
Agatel mlsll 1.23+£0.58%, 3.99+0.69% 4 Aer FAHEC. g
wEEges Bk gF g AREe] 9@ 9GS vFH T (p=0.003).

Table 5. Factors affecting inter-utterance pause duration

Factor B(SE) p value
Gender, female -0.81(0.48) 0.090
Age 0.02(0.03) 0.432
Years of education -0.19(0.06) 0.003
PPA subtype
Controls Reference
SsvPPA 0.66(0.71) 0.358
IVPPA 1.23(0.58) 0.034
nfvPPA 3.99(0.69) <0.001

Results of a generalized linear model analysis for inter-utterance pause duration, with gender, age, years of
education, and PPA subtype as predictors.

SE, Standard Error; PPA, primary progressive aphasia; svPPA, semantic variant of PPA; 1vPPA, logopenic
variant of PPA; nfvPPA, non-fluent variant of PPA

p<.05
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b otg e wasdsE FAS F4% PPA ofd i3 b o4 ARt

A= (Table 6)¢F 2k @3k 2 4 Az F4#E 4F nfvPPAT,
IVPPAT, svPPAT, A +o 2 Agon v ofF 1t zto|7h FAFOR
oot (p<0.001). ®=F  ofg 3+ AolE gl Ay
IVPPAT(3.12+0.42%) o] 44 (1.8310.40%) Ktk 2] &HA
A o™ (p=0.024), nfvPPAT(5.90+0.57%)°] svPPAT (2.56%+0.62%),
IVPPAT-(3.12£0.42%), A (1.83£0.40%) Bt} 2]t
At (p<0.001). ofel digh ofF™E w3} 1+ d Are] Fx+& (Fig 49
2t}
Table 6. Inter-utterance pause duration between groups
PPA, Mean(SD)
Variable Controls p value
SVPPA IVPPA nfvPPA

Inter-

“t;ZT:ece 2560627 3.12042)%F 5000577 T 1.83(040)F T <0.001
duration

The mean and standard deviation of inter-utterance pause duration, estimated using a generalized linear model
with years of education as a covariate.

SD, Standard Deviation; PPA, primary progressive aphasia; sSvPPA, semantic variant of PPA; IVPPA, logopenic
variant of PPA; nfvPPA, non-fluent variant of PPA

¢ Significantly different in comparison between svPPA and nfvPPA
8 Significantly different in comparison between IvPPA and nfvPPA
iSigm'ﬁcantly different in comparison between controls and IvPPA

T Significantly different in comparison between controls and nfvPPA
p<.05
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Fig 4. Inter-utterance pause duration distribution between groups
SVPPA, semantic variant of PPA; IVPPA, logopenic variant of PPA; nfvPPA, non-fluent variant of PPA
*

p<.05
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3.1.1.3. &3t v 4 A3k

o d Ae 5 MR s w, d¥edes BHE Ads
(Table 7)?/} 2t} svPPAT (p=0.939), nfvPPAT (p=0.706) 2] 23} v 4
AREe AT feld dolvt Gtk W, WPPATS) Wk ) 4 Ae
@%‘%01] Hsl 0.36+0.14% 4 Z1o=® F3Hr}

Table 7. Factors affecting intra-utterance pause duration
Factor B(SE) p value
Gender, female 0.029(0.11) 0.800
Age 0.006(0.01) 0.304
Years of education 0.025(0.02) 0.095
PPA subtype

Controls Reference
SVPPA -0.01(0.17) 0.939
IVPPA 0.36(0.14) 0.009
nfvPPA 0.06(0.16) 0.706

Results of a generalized linear model analysis for intra-utterance pause duration, with gender, age, years of
education, and PPA subtype as predictors.

SE, Standard Error; PPA, primary progressive aphasia; svPPA, semantic variant of PPA; 1vPPA, logopenic
variant of PPA; nfvPPA, non-fluent variant of PPA

p<.05
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Zh oty el A, ¥, wSdFE BASHA &2 AdHOlA F43 PPA
o}y w3l ) 4 Az A= (Table 8) 3 2o} w3l o 4 A7F 4%k
79 IVPPAT, svPPAT, AN, nfvPPAT +£o7 ZAgon Y o}F 7
zpol 7} BEAA 07 F3FATHP<0.001). 3 o} 3k xpo]E Fold A}
IVPPAT(1.11£0.10%)©] svPPAT(0.74+0.15%),
nfvPPAT(0.73£0.13%), A+ (0.73+£0.10%) Ko} &l stHAl

223 (p=0.022, 0.009, 0.001). o]o] thdt o}y w3l v 4 A7+
w2+ (Fig b) & &2t

Table 8. Intra-utterance pause duration between groups

PPA, Mean(SD)
Variable Controls p value
SVPPA IVPPA nfvPPA
Intra-
uterance 24005 L1010)YF 0.730.13)8 0.73(0.10) * <0.001
pause
dutation

The mean and standard deviation of within-utterance pause duration, estimated using a generalized linear model.
SD, Standard Deviation; PPA, primary progressive aphasia; SvPPA, semantic variant of PPA; IVPPA, logopenic
variant of PPA; nfvPPA, non-fluent variant of PPA

“Significantly different in comparison between svPPA and IvPPA

§ Significantly different in comparison between IvPPA and nfvPPA

”:Signiﬁcantly different in comparison between controls and IvPPA

p<.05
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Fig 5. Intra-utterance pause duration distribution between groups
SVPPA, semantic variant of PPA; IVPPA, logopenic variant of PPA; nfvPPA, non-fluent variant of PPA
*

p<.05
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3.1.1.4. o2 3+ 4 A3t

oF 7k 4 ANE % WFE P 0, JTLAL BPAF Ane
(Table 9) 7 &ttt svPPAT (p=0.812), nfvPPA (p=0.830) 9] oJd 3+ 4
ARSI gk Zpolzh Qllvh. WhA, IPPATR] o F b 4 AJRRE
gotel vlsl] 0.44+0.15% 4 Aoz FHHr}
Table 9. Factors affecting inter-word pause duration
Factor B(SE) p value
Gender, female 0.00(0.13) 0.984
Age 0.01(0.01) 0.220
Years of education 0.03(0.02) 0.089
PPA subtype
Controls Reference
SVPPA -0.05(0.19) 0.812
IVPPA 0.44(0.15) 0.004
nfvPPA 0.04(0.18) 0.830

Results of a generalized linear model analysis for total pause duration, with gender, age, years of education,
and PPA subtype as predictors.

SE, Standard Error; PPA, primary progressive aphasia; svPPA, semantic variant of PPA; 1vPPA, logopenic
variant of PPA; nfvPPA, non-fluent variant of PPA

p<.05
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7k olg e A, A9, wSdSFE FASA &2 AdHAA F4s PPA
olgd o 7+ # AZF A (Table 1003 Zuh of& 2 4 Azt
FAe A WWPPAT, BAE, svPPAT, nfvPPAT o2 Ao
o}d 7+ ol7} EAAOT So3ATHP<0.001). T3k o}F 7} xfo]=
kel st ZSRUS IVPPAT(1.21+0.11%) 9] svPPAT(0.73£0.16%),
nfvPPAT(0.71£0.15%), AT (0.74+£0.11%) B} 25k

QT p=0.001, <0.001, <0.001). o]e wizt o} ofd 2+ 4 A7+e)
B3I = (Fig 6) 3 #rt}

Table 10. Inter-word pause duration between groups

PPA, Mean(SD)
Variable Controls p value
SsvPPA IVPPA nfvPPA
Inter-word
pause 0.73(0.16)* 1.21(0.11)*8 * 0.71(0.15)* 0.74(0.11)* <0.001
duration

The mean and standard deviation of inter-word pause duration, estimated using a generalized linear model.
SD, Standard Deviation; PPA, primary progressive aphasia; SvPPA, semantic variant of PPA; IVPPA, logopenic
variant of PPA; nfvPPA, non-fluent variant of PPA

“Significantly different in comparison between svPPA and IvPPA

§ Significantly different in comparison between IvPPA and nfvPPA
”:Signiﬁcantly different in comparison between controls and IvPPA
p<.05
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Fig 6. Inter-word pause duration distribution between groups
sVPPA, semantic variant of PPA; IVPPA, logopenic variant of PPA; nfvPPA, non-fluent variant of PPA
*

p<.05
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3.1.1.5. oJ&2 W 4 A3t

od U 4 AE £ WEE S uw, dFecle EAI Ay
(Table 11) =} pagsy svPPAT (p=0515), IvVPPAT (p=0.657),
nfvPPAT (p=0.084) 2] o] U & Ak A3 798t 2fol7) QL)

Table 11. Factors affecting intra-word pause duration

Factor B(SE) p value
Gender, female 0.06(0.06) 0.345
Age 0.00(0.00) 0.304
Years of education 0.02(0.00) 0.051
PPA subtype
Controls Reference
SsVvPPA 0.06(0.09) 0.515
IVPPA 0.03(0.07) 0.657
nfvPPA 0.15(0.09) 0.084

Results of a generalized linear model analysis for intra-word pause duration, with gender, age, years of
education, and PPA subtype as predictors.

SE, Standard Error; PPA, primary progressive aphasia; svPPA, semantic variant of PPA; 1vPPA, logopenic
variant of PPA; nfvPPA, non-fluent variant of PPA

p<.05
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7} o}yl 4, AY, WHAFE BASA %S FeelA PPA o}g
ofd W 4 A A= (Table 12) 8} 2ot ofd of & AIRF 459 A5
nfvPPAT, svPPAT, IWWPPA, 7w o= Aglom d ofF 3t xfo]7t
Aoz F5A gk ool i@ ol ofd U 4 At BE:
(Fig 7) 3 2t
Table 12. Intra-word pause duration between groups

PPA, Mean(SD)
Variable Controls p value
SVPPA IVPPA nfvPPA
Intra-word
pause 0.15(0.08) 0.13(0.05) 0.20(0.07) 0.09(0.05) 0.635
duration

The mean and standard deviation of intra-word pause duration, estimated using a generalized linear model.
SD, Standard Deviation; PPA, primary progressive aphasia; SvPPA, semantic variant of PPA; IVPPA, logopenic
variant of PPA; nfvPPA, non-fluent variant of PPA

p<.05

35



0.35 A

o o o

N N w

o (&) o
1 1 1

0.15 -

0.10 A

Intra-word pause duration [sec]

0.05

0.00 -

svPPA IvPPA nfvPPA Controls

Fig 7. Intra-word pause duration distribution between groups
SVPPA, semantic variant of PPA; IVPPA, logopenic variant of PPA; nfvPPA, non-fluent variant of PPA
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3.1.2. FA1H 4 A3
3.1.2.1. BAF A € A3

A A A e 5 WSE B W, 93eds BAW Ait
(Table 13)¥ 2t svPPAT (p=0.610), IWVPPAT (p=0.181)%] WA & 4

P4
AR AT A7 Aotz fIiEh HH, nfvPPAT (p<0.001) & "gAF A
d AREE ATl s 3.90£0.63% A Zow FRdAL x9
WHEEFE WAR A ARl fo) @ dFE MR TH(p=0.014).

Table 13. Factors affecting pre-noun pause duration

Factor B(SE) p value
Gender, female -0.31(0.44) 0.476
Age 0.02(0.02) 0.387
Years of education -0.14(0.06) 0.014
PPA subtype
Controls Reference
SVPPA 0.33(0.65) 0.610
IVPPA 0.71(0.53) 0.181
nfvPPA 3.90(0.63) <0.001

Results of a generalized linear model analysis for pre-noun pause duration, with gender, age, years of education,
and PPA subtype as predictors.

SE, Standard Error; PPA, primary progressive aphasia; svPPA, semantic variant of PPA; IvPPA, logopenic
variant of PPA; nfvPPA, non-fluent variant of PPA
p<.05
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7k olg e wEdSE AF S E AIRE
A= (Table 149 2ok WA A & A FA#HY 4 nfvPPAT,
IWPPA, svPPAT, A4 =02 Aglow ) o}F 3+ zpol7} FAHOZE
folatgrh. ek o}y 7+ ol s Ay, nfvPPAT(5.271+0.51%) 0]
svPPAT(1.75+0.56%), IVPPAT (2.16 £0.38%),
AT (1.37£0.36%) By FostAl Atk (p<0.001). ofo tijst o}
YA A d A7 B (Fig 8) 3 2t
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Table 14. Pre-noun pause duration between groups

PPA, Mean(SD)
Variable Controls p value
svPPA IVPPA nfvPPA
Pre-noun
pause 1.75(0.56)* 2.16(0.38)8 5.27(0.51) ¥t 1.37(0.36)" <0.001
duration

The mean and standard deviation of pre-noun pause duration, estimated using a generalized linear model with
years of education as a covariate.

SD, Standard Deviation; PPA, primary progressive aphasia; svPPA, semantic variant of PPA; IVPPA, logopenic
variant of PPA; nfvPPA, non-fluent variant of PPA

t Significantly different in comparison between svPPA and nfvPPA
$ Significantly different in comparison between IvPPA and nfvPPA

T Significantly different in comparison between controls and nfvPPA
p<.05
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Fig 8. Pre-noun pause duration distribution between groups
SVPPA, semantic variant of PPA; IVPPA, logopenic variant of PPA; nfvPPA, non-fluent variant of PPA
*

p<.05
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3.1.2.2. A A 4 AR

A A A AR 5 odATE 3 3 3t
(Table 15) 3} 2t svPPAT (p=0.501), IVPPAT (p=0.388) ¢ TAF A
A ZEE T gk &polrt gl R d
AATol vl 2.29+£0.80% A Aow FAAY, I S dSFE BA)
A Alztell o3 JEFS mHHTHpP=0.004).

Jz
it
_\?_1,

2 rlo ool rfr

Table 15. Factors affecting pre-verb pause duration

Factor B(SE) p value
Gender, female -0.95(0.55) 0.084
Age 0.01(0.03) 0.744
Years of education -0.21(0.07) 0.004
PPA subtype
Controls Reference
SsvPPA 0.54(0.81) 0.501
IVPPA 0.57(0.66) 0.388
nfvPPA 2.29(0.80) 0.004

Results of a generalized linear model analysis for pre-verb pause duration, with gender, age, years of education,
and PPA subtype as predictors.

SE, Standard Error; PPA, primary progressive aphasia; svPPA, semantic variant of PPA; 1vPPA, logopenic
variant of PPA; nfvPPA, non-fluent variant of PPA

p<.05
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7} olg ol wHAFE EA o] FAIE PPA old¥ FA A 4 A
A= (Table 16)3 Zoh A A 4 AlzF FA7ES A$ nfvPPAL,

% =
svPPAT, IVPPAT, AAT 02 Zgon Y o} 7+ zol7l EAFO=R
F2J3FAtH(p=0.003). w3k o} 7 Aol E stolst A
] IVPPAT(1.10%+0.48%),

nfvPPAT (2.83+0.67%)0°
974(0.56210.452) B} frolstAl A (p=0.035, 0.001). °J°l izt
o}&d EAl A 4 A7to] X (Fig 9) 9 7t}

Table 16. Pre-verb pause duration between groups

PPA, Mean(SD)
Variable Controls p value
SVPPA IVPPA nfvPPA
Pre-verb
pause 1.14(0.70) 1.10(0.48) ¢ 2.83(0.67) 8 T 0.52(0.45)" 0.003
duration

The mean and standard deviation of pre-verb pause duration, estimated using a generalized linear model with
years of education as covariates.

SD, Standard Deviation; PPA, primary progressive aphasia; SvPPA, semantic variant of PPA; IVPPA, logopenic
variant of PPA; nfvPPA, non-fluent variant of PPA

§ Significantly different in comparison between IvPPA and nfvPPA

T Significantly different in comparison between controls and nfvPPA

p<.05
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Fig 9. Pre-verb pause duration distribution between groups
sVPPA, semantic variant of PPA; IVPPA, logopenic variant of PPA; nfvPPA, non-fluent variant of PPA
*

p<.05
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3.1.2.3. ¥&AF A 4 Az

AZE F5 WER DS W, 9FeAL BAW A

_,'L/]
(Table 17) 3 #t} svPPAT (p=0.717), IWPPAT (p=0.475)2] 3-&A}
3 F293 2ol 7F gldch wbA| nfvPPAT S &84} A

flo a2 rr

of ®la 1.15+0.556% A Aow FAEG T AY
G &AL zﬂ A ARkl Fos &S AT (p=0.032).

Table 17. Factors affecting pre-adjective pause duration

Factor B(SE) p value
Gender, female 0.38(0.35) 0.286
Age -0.04(0.02) 0.032
Years of education 0.04(0.05) 0.415
PPA subtype
Controls Reference
SVPPA -0.18(0.50) 0.717
IVPPA 0.30(0.41) 0.475
nfvPPA 1.15(0.55) 0.037

Results of a generalized linear model analysis for pre-adjective pause duration, with gender, age, years of
education, and PPA subtype as predictors.

SE, Standard Error; PPA, primary progressive aphasia; svPPA, semantic variant of PPA; IvPPA, logopenic
variant of PPA; nfvPPA, non-fluent variant of PPA
p<.05
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7z} ol ol AHE FAS F4I PPA ofd¥H LA A 4 ARt
A¥= (Table 18)3 ok FE&AF A 4 AP 4% A5 nfvPPAT,
IVPPA, 7, svPPAT 2
FoJekA] okt ol tidt o}

K

Table 18. Pre-adjective pause duration between groups

PPA, Mean(SD)

Variable Controls p value
SVPPA IVPPA nfvPPA

Pre-adjective
pause 0.44(0.40) 0.93(0.28) 1.75(0.46) 0.66(0.30) 0.053
duration

The mean and standard deviation of pre-adjective pause duration, estimated using a generalized linear model
with age as covariates.

SD, Standard Deviation; PPA, primary progressive aphasia; SvPPA, semantic variant of PPA; IVPPA, logopenic
variant of PPA; nfvPPA, non-fluent variant of PPA

p<.05
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Fig 10. Pre-adjective pause duration distribution between groups
SVPPA, semantic variant of PPA; IVPPA, logopenic variant of PPA; nfvPPA, non-fluent variant of PPA
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3.1.2.4. FAF A & A3

AR A E NS 5 deR Je o, 99
(Table 19)3 2t} IWPPA (p=0.92D) 9 A d 4
T3k o)zt 9tk Wb, svPPATS FAF A H Az FAFEel H] )
1.18%10.58% #= o= F4H™, nfvPPATe] FAF A 4 AR
godtel vle] 2.55+10.75% 4 Aoz FHH

Table 19. Factors affecting pre-adverb pause duration

Factor B(SE) p value
Gender, female -0.48(0.44) 0.278
Age 0.04(0.02) 0.062
Years of education -0.02(0.05) 0.770
PPA subtype
Controls Reference
SVPPA -1.18(0.58) 0.042
IVPPA 0.05(0.49) 0.921
nfvPPA 2.55(0.75) <0.001

Results of a generalized linear model analysis for pre-adverb pause duration, with gender, age, years of
education, and PPA subtype as predictors.

SE, Standard Error; PPA, primary progressive aphasia; svPPA, semantic variant of PPA; IvPPA, logopenic
variant of PPA; nfvPPA, non-fluent variant of PPA

p<.05
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7k oty A, A9, wHATE FASHA & AHOA FA S
PPA o}g®¥ HAl A 4 AIZF A3} (Table 20) 3 ok FAF A 4 A
FA%S A nfvPPAY, WPPAT, AT, svPPAT o= Zgor
o}3 7+ zpol7} EAIF O T HoErt. wsk ofd 7k xo)lE Fls A
nfvPPAT (3.44£0.67%) 0] IVPPAT(1.27+£0.33%),
svPPAT(0.02+0.48%), 94t (1.10+£0.39%) ®.t} o] aHAl
7290 (p<0.001, p=0.001, p<0.001), IvPPAT(1.27£0.33%)°]
svPPAT"(0.02+0.48%) 2t} F-2]3tA AAth(p=0.021). ole dist o}H
Al A 4 Azre] Bx= (Fig 11) 3 2t}

Table 20. Pre-adverb pause duration between groups

PPA, Mean(SD)
Variable Controls p value
SVPPA IVPPA nfvPPA
Pre-adverb
pause 0.02(0.48)** 1.27(0.33)*  3.4400.67)* 8 T 1.10(0.39) <0.001
duration

The mean and standard deviation of pre-adverb pause duration, estimated using a generalized linear model.
SD, Standard Deviation; PPA, primary progressive aphasia; svPPA, semantic variant of PPA; IVPPA, logopenic
variant of PPA; nfvPPA, non-fluent variant of PPA

“Significantly different in comparison between svPPA and IvPPA
t Significantly different in comparison between svPPA and nfvPPA
$ Significantly different in comparison between IvPPA and nfvPPA

T Significantly different in comparison between controls and nfvPPA
p<.05

47



=
o
Il
*

[e¢]
1
*

[&)]
1

Sy
!

Pre-adverb pause duration [sec]

N
1

i e o e R

sPPA IvPPA nfvPPA Controls

Fig 11. Pre-adverb pause duration distribution between groups
sVPPA, semantic variant of PPA; IVPPA, logopenic variant of PPA; nfvPPA, non-fluent variant of PPA
*

p<.05
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3.2. okg 2 &3kdo]

)

waldols F4 WFER g o, o NS A
23 k. WPPAW (p=0.128) ¢ #stdol= Adad #Fofsh zolrt
ATk WhE syPPAT, nfvPPAT 9] @3tdol=
5.80£2.41 S4/4+3}, 12.95+2.3224 /93 &S Zo=
WA S wedolof] fost gEFe u AT (p=0.011).

Table 21. Factors affecting length of utterance

Factor B(SE) p value
Gender, female -0.68(1.61) 0.674
Age -0.05(0.09) 0.549
Years of education 0.54(0.21) 0.011
PPA subtype
Controls Reference
SsVvPPA -5.80(2.41) 0.016
IVPPA -2.98(1.96) 0.128
nfvPPA -12.95(2.32) <0.001

Results of a generalized linear model analysis for length of utterance, with gender, age, years of education, and
PPA subtype as predictors.

SE, Standard Error; PPA, primary progressive aphasia; svPPA, semantic variant of PPA; 1vPPA, logopenic
variant of PPA; nfvPPA, non-fluent variant of PPA

p<.05
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7 ol el wSAFE SASte] F4s PPA ofFH¥ wlzo] Ay
(Table 22)¢} 2t} Zspdo] FAFY A9 H47, WPPAT, svPPAT,
nfvPPAT To®  Aoew o o}y 3+ Folyp FAZHORE
3R T (p<0.001). TF o} 7} o= s A

svPPAT(15.25+2.03&4/%3}) o] AAFT(21.08 £1.33-& A /9ks}) Wk
F2) A Zorom (p=0.007), nfvPPAT (9.10+1.88&4/23}) o]
svPPAA W (15.25+2.0382/493}) IVPPAT(17.82+1.39&2/9t3})

4 (21.08+£1.338/¢sh By FeetA &t (p=0.018, p<0.001,
p<0.001). ofell thgh o}l spdol o) Fx= (Fig 12) ¢ &t

Table 22. Length of utterance between groups

PPA, Mean(SD)

Variable Controls p value
SVPPA IVPPA nfvPPA
Length of i s TN 1t
15.25(2.03 17.82(1.39 9.10(1.88 21.08(1.33 <0.001
utterance (2.03) (139) (188) (1.33) 0.00

The mean and standard deviation length of utterance, estimated using a generalized linear model with years of
education as a covariate.

SD, Standard Deviation; PPA, primary progressive aphasia; SvPPA, semantic variant of PPA; IVPPA, logopenic
variant of PPA; nfvPPA, non-fluent variant of PPA

¢ Significantly different in comparison between svPPA and nfvPPA
1 Significantly different in comparison between controls and svPPA
8 Significantly different in comparison between IvPPA and nfvPPA

T Significantly different in comparison between controls and nfvPPA
p<.05
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Fig 12. Length of utterance distribution between groups
sVPPA, semantic variant of PPA; IVPPA, logopenic variant of PPA; nfvPPA, non-fluent variant of PPA
*

p<.05
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3.3. o}g 7t WIEKE

WL s F4E HER S u), JFeal SRy
23)¥ &tk svPPAT (p=0.497) 9 WEEHE= AT g zZpelvh
Ak WA, WPPAT,  nfvPPATO  EEERE Aadtel  HlE)
0.68*£0.245%8/%, 2.10+0.2954/2 =9 Aoz FAHATY} =TI

e}
DHEFE B35 T {3k kS v H o (p=0.001).

Table 23. Factors affecting speech rate

Factor B(SE) p value
Gender, female 0.27(0.20) 0.165
Age -0.01(0.01) 0.439
Years of education 0.09(0.03) 0.001
PPA subtype

Controls Reference

SsVvPPA 0.20(0.30) 0.497
IVPPA -0.68(0.24) 0.005
nfvPPA -2.10(0.29) <0.001

Results of a generalized linear model analysis for speech rate, with gender, age, years of education, and PPA
subtype as predictors.

SE, Standard Error; PPA, primary progressive aphasia; svPPA, semantic variant of PPA; 1IvPPA, logopenic
variant of PPA; nfvPPA, non-fluent variant of PPA

p<.05
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7k ol wsAFE

(Table 24)$} Zoh. W3t&E% FH A5 svPPAY, AT, IWWPPAT,

nfvPPAT  F£Co&  wWstow ] o}y 3k Zolrp  FAAO=E

st e (p<0.00D).  =ZF ofg - AolE IF A
(e}

IVPPAT (2.45+0.17& 2 /%) 0] sVPPAT-(3.33+0.2554 /%),
AT (3.16T0.1788/2) Rt 984 =HOowW (p=0.004, p<0.001),
nfvPPAT (1.03+0.24 &% /%) 0] sVvPPAT-(3.33+0.2554/%),

IVPPAT(2.45+£0.1724/%), AT (3.1620.17248/Z2) Xt} 23
=5t (p<0.001). o]of thst ofdd w3l B¥ = (Fig 13) 3 @)

Table 24. Speech rate between groups

PPA, Mean(SD)

Variable Controls p value
SVPPA IVPPA nfvPPA

Speechrate  3.33(0.25)%*  2450.17)% % 1.030024)* T 3.16(0.17)F T <0.001

The mean and standard deviation of speech rate, estimated using a generalized linear model with years of
education as a covariate.

SD, Standard Deviation; PPA, primary progressive aphasia; sSvPPA, semantic variant of PPA; IVPPA, logopenic
variant of PPA; nfvPPA, non-fluent variant of PPA

¢ Significantly different in comparison between svPPA and nfvPPA
"Significantly different in comparison between svPPA and IvPPA

8 Significantly different in comparison between IvPPA and nfvPPA
iSigm'ﬁcantly different in comparison between controls and IvPPA

T Significantly different in comparison between controls and nfvPPA
p<.05
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Fig 13. Speech rate distribution between groups
SVPPA, semantic variant of PPA; IVPPA, logopenic variant of PPA; nfvPPA, non-fluent variant of PPA

*p<.05
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3.4. o}g U FAPE 4 Azt
3.4.1. svPPA

sVPPAT UlollAl #FAF 1 & AIREE] Aol & EA s A b= (Table 25) $}
2k 7ZF FAF A 4 3 A|Zre- WAl 1.59£1.43%, %A}
0.94%£0.72%, FEAF 0.45+£0.90%, FA}F 0.02£0.06%% AL <ko] z}
FEAE FAF dRT Fo8 A At (p=0.004, p<0.001). 3 FAF o]
Zy GgAF, FAF grT {95k A A (p=0.015, p<0.001).

Table 25. Pause duration by part of speech in svPPA

Variable Mean(SD) Mean rank p value

Noun(l) 1.59(1.43) 11.67
0.085

Verb(J) 0.94(0.72) 7.33

Noun(l) 1.59(1.43) 13.11
0.004

Adjective(J) 0.45(0.90) 5.89

Noun(l) 1.59(1.43) 13.00
<0.001

Adverb(J) 0.02(0.06) 4.50

Verb(l) 0.94(0.72) 12.56
0.015

Adjective(J) 0.45(0.90) 6.44

Verb(l) 0.94(0.72) 13.00
<0.001

Adverb(J) 0.02(0.06) 4.50

Adjective(J) 0.45(0.90) 10.89
0.056

Adverb(J) 0.02(0.06) 6.88

The mean and standard deviation values of pause duration for each part of speech, calculated using the Mann-
Whitney U test.
SD, Standard Deviation
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3.4.2. IvPPA

IVPPAT: WlellA FAF 1 4 AZEe] Aol & FA 8 A¥b+= (Table 26) 3%
2o 7+ FAF el 4 Ha AR WA 2.15+£0.73%, FAF
1.10£1.09%, €A 0.81+£1.32%, FAF 1.27£1.27%2, WAL o] 7z}
SAE FEAE FAF R f-9 84 290 (p<0.001, p=0.010).

Table 26. Pause duration by part of speech in IvPPA

Variable Mean(SD) Mean rank p value

Noun(l) 2.15(0.73) 25.63
<0.001

Verb(J) 1.10(1.09) 13.37

Noun(l) 2.15(0.73) 26.47
<0.001

Adjective(J) 0.81(1.32) 12.53

Noun(l) 2.15(0.73) 22.79
0.010

Adverb(J) 1.27(1.27) 13.71

Verb(l) 1.10(1.09) 22.47
0.095

Adjective(J) 0.81(1.32) 16.53

Verb(l) 1.10(1.09) 18.16
0.836

Adverb(J) 1.27(1.27) 18.88

Adjective(J) 0.81(1.32) 16.11
0.142

Adverb(J) 1.27(1.27) 21.18

The mean and standard deviation values of pause duration for each part of speech, calculated using the Mann-
Whitney U test.
SD, Standard Deviation

56



3.4.3. nfvPPA

nfvPPAT WM &

3.21+5.27%, Y&AF 1.

Table 27. Pause duration by part of speech in nfvPPA

A 7
2mﬂ-§ﬂ.ﬁ-ﬁ& kol A ¢

&l

B

3i2232,74}
EAE HEAE AR E‘r relstAl A3tk (p=0.014, p=0.016).

ﬁ_

Variable Mean(SD) Mean rank p value
Noun(l) 5.56(3.62) 14.18
0.014
Verb(J) 3.21(5.27) 7.5
Noun(l) 5.56(3.62) 11.91
0.016
Adjective(J) 1.83(2.23) 5.71
Noun(l) 5.56(3.62) 8.45
0.514
Adverb(J) 3.44(3.46) 6.75
Verb(l) 3.21(5.27) 9.20
0.843
Adjective(J) 1.83(2.23) 8.71
Verb(l) 3.21(5.27) 7.30
0.776
Adverb(J) 3.44(3.46) 8.00
Adjective(J) 1.83(2.23) 5.36
0.384
Adverb(J) 3.44(3.46) 7.13

The mean and standard deviation values of pause duration for each part of speech, calculated using the Mann-

Whitney U test.
SD, Standard Deviation
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AT el A FAE ZE E AREY] ApelE B4 A= (Table 28) 3%
# FAE kel d e ARES WAF 1.29F1.05%, FAF
0 Q—A} 0.76+0.99%, #A} 1.11+1.0%2, HA} o] 2z
& fref a7l ZJ_O*E}<p<o 001, p=0.024). F=3&F FA} <o
A i—liE} %46} AR (p=0.016). vk Ttz o]& FHste], o}y
& A Abe] mAE wedgs A A9 (Fig 14) 9k 2

(@2

(@)}
—|~ J.N‘
Llf

oﬂt
_;1

_

Table 28. Pause duration by part of speech in control

Variable Mean(SD) Mean rank p value

Noun(l) 1.29(1.05) 28.24
<0.001

Verb(J) 0.43(0.56) 14.76

Noun(l) 1.29(1.05) 23.14
0.024

Adjective(J) 0.76(0.99) 15.00

Noun(l) 1.29(1.05) 18.24
0.331

Adverb(J) 1.11(1.08) 14.83

Verb(l) 0.43(0.56) 18.26
0.428

Adjective(J) 0.76(0.99) 21.03

Verb(l) 0.43(0.56) 13.98
0.016

Adverb(J) 1.11(1.08) 22.29

Adjective(J) 0.76(0.99) 13.21
0.172

Adverb(J) 1.11(1.08) 17.54

The mean and standard deviation values of pause duration for each part of speech, calculated using the Mann-
Whitney U test.
SD, Standard Deviation
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Figl4. Analysis of the interaction between word-class and groups on pause duration
svPPA, semantic variant of PPA; IVPPA, logopenic variant of PPA; nfvPPA, non-fluent variant of PPA
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3.5. BAI-FAF A 4 Azt
3.5.1. AA| o} HA-FAF A 4 A7+

WA A g A BAE A G Ae Bl We 9% Ayt
o B4 weE B W, dBeAE BAG A% (Table 203 L.
AL A st @ Al ulskel WAL A wAsE 4 Azl felshA 2
Ao R oA7Em (p=0.003), 48, AF 3} PPA WP F, PPA FF2 o
FEFS wAA v =, asdyes d Aol {fost A=
7 H o (p<0.001).

Table 29. Factors affecting pause before noun and verb duration
Factor B(SE) p value
Gender, female -0.68(0.40) 0.092
Age 0.02(0.02) 0.439
Years of education -0.25(0.05) <0.001
Group -0.11(0.18) 0.556

Pause location

Pre-noun Reference

Pre-verb -1.18(0.39) 0.003

Results of a generalized linear model analysis for pause duration, with gender, age, years of education, group,
and pause location as predictors.

SE, Standard Error

p<.05
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Table 30. Pre-noun and verb pause duration

A AL A A g dFE A5 ] ¢x
BA8 Ayb= (Table 30) 3 2t}
28%)2 FAF A E AIZH(1.20£0.28%) Xt EA

A of el A AL

=
A

A o
- —

Moo ol

Variable

Pause location, Mean(SD)

Pre-noun Pre-verb

p value

Pre-noun and verb
pause duration

2.38(0.28) 1.20(0.28)

<0.001

The mean and standard deviation of pre-noun and verb duration, estimated using a generalized linear model
with years of education as a covariate.
SD, Standard Deviation

p<.05
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4t ek 7o =

sl AolE T

3D 9k Aok

Lok Tk WA-FAF A 4 A7 AT Aol

IVPPA< (p=0.287),

12F, BAF A A AR AN S AR S8k
W= A58l Z}o] (normalized difference) 2
(A A A Azb- FAF A 2 AIRD
(GAF A A A+ A A E AR
AEE P25 o, dFeAS B4 Ay (Table
nfvPPAT (p=0.518) 2] Ht3} Atol+=

AT ol zolzb gldth. whd, svPPATS] AAf3t zxfol: HAFLO

Hla 0.35+0.15 @& Zoz F4

dot

Table 31. Factors affecting normalized difference

Factor B(SE) p value
Gender, female 0.16(0.10) 0.129
Age -0.01(0.01) 0.239
Years of education 0.01(0.01) 0.707
PPA subtype
Controls Reference
SVPPA -0.35(0.15) 0.021
IVPPA -0.13(0.12) 0.287
nfvPPA -0.10(0.15) 0.518

Results of a generalized linear model analysis for normalized difference, with gender, age, years of education,

and PPA subtype as predictors.

SE, Standard Error; PPA, primary progressive aphasia; svPPA, semantic variant of PPA; IvPPA, logopenic
variant of PPA; nfvPPA, non-fluent variant of PPA

p<.05
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zh oolg o] Ay AY, wSdTe s SASHA &2 AFEi el A]
F43 Jt3} Aol A= (Table 32) ¢ b A3t xpo] F479 A+
A, nfvPPAT, IvPPAT, svPPAT <=ollon Y o8 I+ Aol
FAACE foletA] ket B obgelM At Ahel= garE, PPA WY
o 9§ I dAGlel AR A 4 Algto] HA oz At o] o
ofsd™ A4t} 2ol Fx = (Fig 15) ¢ 2

Table 32. Normalized difference between groups

PPA, Mean(SD)
Variable Controls p value
SVPPA IVPPA nfvPPA
Normalized 0.23(0.25) 0.44(0.42) 0.49(0.45) 0.60(0.42) 0.168
difference B o T T '

The mean and standard deviation of normalized difference, estimated using a generalized linear model.

SD, Standard Deviation; PPA, primary progressive aphasia; svPPA, semantic variant of PPA; IVPPA, logopenic
variant of PPA; nfvPPA, non-fluent variant of PPA

p<.05
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Fig 15. Normalized difference distribution between groups
SVPPA, semantic variant of PPA; IVPPA, logopenic variant of PPA; nfvPPA, non-fluent variant of PPA
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3.6. I8 7 4 ®l&
3.6.1. AAE 4 H&
3.6.L.1. A4 4 vl&

AA 4 vE&s 5 HFE S o, dFacls F4% d3= (Table
33)3 #Zvh. IWPPAT (p=0.105)2 AA 4 v&e AL f
alolth. wkA, svPPAY, nfvPPATS AA 4 #&S AT
0.05+0.02. 0.13+0.02 ¥& Zoz FHH}

Table 33. Factors affecting total pause rate

Factor B(SE) p value
Gender, female -0.02(0.01) 0.120
Age 0.00(0.00) 0.752
Years of education -0.00(0.00) 0.384
PPA subtype
Controls Reference
SVPPA 0.05(0.02) 0.007
IVPPA 0.02(0.01) 0.105
nfvPPA 0.13(0.02) <0.001

Results of a generalized linear model analysis for total pause rate, with gender, age, years of education, and
PPA subtype as predictors.

SE, Standard Error; PPA, primary progressive aphasia; svPPA, semantic variant of PPA; IvPPA, logopenic
variant of PPA; nfvPPA, non-fluent variant of PPA

p<.05
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24 ofge] AW, A%, nSdFE TASHA 982 AHlM F43 PPA
ofg ¥ HAl 4 nlE AP (Table 34)9F ok AAl & vj& F47ke

A% nfvPPAYT, svPPAY, IVPPAY, AT ¢O2 =¢kow Y ofFg 3t
ol 7} BEA A 07 S5t tH(p<0.001). =3 o}d 7} xfo
svPPAT(0.20£0.02) ©] 424 (0.15+20.01) ®.o} 2] skl
=9kow (p=0.041), nfvPPAT(0.28£0.01)°]  svPPAT(0.20£0.02),
IVPPAT(0.17£0.01), AAT(0.15+£0.01) Bt} F28kA =%TH(p<0.001).
olef ot o} x| 4 vlE&9] Ex= (Fig 16) ¥ #rh

il
‘] {
2
o
m OBL
&

Table 34. Total pause rate between groups

PPA, Mean(SD)

Variable Controls p value
SVPPA IVPPA nfvPPA
TOtf"rLfeause 0200021 0.170001)% 028000 T 0.150.01)7 T <0.001

The mean and standard deviation of total pause rate, estimated using a generalized linear model.
SD, Standard Deviation; PPA, primary progressive aphasia; SvPPA, semantic variant of PPA; IVPPA, logopenic

variant of PPA; nfvPPA, non-fluent variant of PPA

¢ Significantly different in comparison between svPPA and nfvPPA

1 Significantly different in comparison between controls and svPPA

§ Significantly different in comparison between IvPPA and nfvPPA

T Significantly different in comparison between controls and nfvPPA

p<.05
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Fig 16. Total pause rate distribution between groups

SVPPA, semantic variant of PPA; IVPPA, logopenic variant of PPA; nfvPPA, non-fluent variant of PPA
*.
p<.05
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3.6.1.2. &3} 7+ 4 H&

sl 7 4 vge F5 dAsE S o, gFecls A Ay
(Table 35)3 Zt}. svPPAT (p=0.539), IVPPAT (p=0.060) ¢ 23} 7t
Hl &2 A3 /523 2ozt ¢lsith. ®bH, nfvPPAT (p=0.033) 2] 43}
7F 4 HES Faate] vl 0.12+£0.06 =& Aow FAHHAL

Table 35. Factors affecting inter-utterance pause rate

Factor B(SE) p value
Gender, female -0.03(0.04) 0.519
Age -0.00(0.00) 0.652
Years of education 0.00(0.01) 0.558
PPA subtype
Controls Reference
SVPPA -0.04(0.06) 0.539
IVPPA 0.09(0.05) 0.060
nfvPPA 0.12(0.06) 0.033

Results of a generalized linear model analysis for inter-utterance pause rate, with gender, age, years of education,
and PPA subtype as predictors.

SE, Standard Error; PPA, primary progressive aphasia; svPPA, semantic variant of PPA; 1IvPPA, logopenic
variant of PPA; nfvPPA, non-fluent variant of PPA

p<.05
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Zb obg el A, AW, ASAFE TASHA & AdEeA F43 PPA
oty g %+ 4 W& AFE (Table 36)7 Zrh @3t b 4 #&
FA%k9 A% nfvPPAT, IVPPAT, NC, svPPAT 2 E =gko Y o}
b Apol7y Ao ® TrJ &~ ?-;%E}. ofell ek o} w3} 1+ 4 uE
¥ = (Fig 17) 3 2t}

Table 36. Inter-utterance pause rate between groups

PPA, Mean(SD)
Variable Controls P value
svPPA IVPPA nfvPPA
Inter-
utterance 0.85(0.05) 0.97(0.03) 1.00(0.05) 0.89(0.24) 0.063
pause rate

The mean and standard deviation of inter-utterance pause rate, estimated using a generalized linear model.
SD, Standard Deviation; PPA, primary progressive aphasia; SvPPA, semantic variant of PPA; IVPPA, logopenic
variant of PPA; nfvPPA, non-fluent variant of PPA

p<.05
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Fig 17. Inter-utterance pause rate distribution between groups
sVPPA, semantic variant of PPA; IVPPA, logopenic variant of PPA; nfvPPA, non-fluent variant of PPA
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3.6.1.3. &3} U € H]&

sl 4 vES F ,
(Table 37) 3 padey svPPAT (p=0.523
nfvPPAT (p=0.070) 2] w3} U ¢ v]&2 44T Foet 2oz it

b

MEw @S W Jeede AR Ans
0.5 0

Table 37. Factors affecting intra-utterance pause rate

Factor B(SE) p value
Gender, female -0.00(0.03) 0.979
Age 0.00(0.00) 0.308
Years of education -0.00(0.00) 0.512
PPA subtype
Controls Reference
SVPPA 0.03(0.05) 0.523
IVPPA 0.00(0.04) 1.000
nfvPPA 0.08(0.05) 0.070

Results of a generalized linear model analysis for intra-utterance pause rate, with gender, age, years of education,
and PPA subtype as predictors.

SE, Standard Error; PPA, primary progressive aphasia; svPPA, semantic variant of PPA; 1vPPA, logopenic
variant of PPA; nfvPPA, non-fluent variant of PPA

p<.05
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Zh oty el A, ¥, wSdFE BASHA &2 AdHOlA F43 PPA
ofgdyl w3l W 4 u]& Ay (Table 38)3 #Zuh w3 W 4 8%
FAe A nfvPPAT, svPPAT, IVPPAT, AAT <07 =9kom
og 3t Apol7t TAIHOE fFoekA Eskth. o]ef igh ofFE sl u 4
H&2] +¥ &= (Fig 18) 7 #t.

Table 38. Intra-utterance pause rate between groups

PPA, Mean(SD)
Variable Controls P value
SVPPA IVPPA nfvPPA
Intra-
utterance 0.13(0.04) 0.11(0.03) 0.19(0.04) 0.10(0.03) 0.211
pause rate

The mean and standard deviation of within-utterance pause rate, estimated using a generalized linear model.
SD, Standard Deviation; PPA, primary progressive aphasia; SvPPA, semantic variant of PPA; IVPPA, logopenic
variant of PPA; nfvPPA, non-fluent variant of PPA

p<.05
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Fig 18. Intra-utterance pause rate distribution between groups
SVPPA, semantic variant of PPA; IVPPA, logopenic variant of PPA; nfvPPA, non-fluent variant of PPA
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ofd 4 vEe FH5 Wz e ou, JFede SAS A3
(Table 39) 7 t}.  svPPAT (p=0.878), IVPPAT (p=0.980) <] o1& %
HlES G F g Aol IStk Ab, nfvPPAT S o b 4 W& S
g2drel vl 0.19+0.08 ¥& 2107 FPETh

Table 39. Factors affecting inter-word pause rate

Factor B(SE) p value
Gender, female -0.08(0.06) 0.140
Age -0.00(0.00) 0.659
Years of education -0.00(0.01) 0.900
PPA subtype
Controls Reference
SVPPA 0.01(0.08) 0.878
IVPPA -0.00(0.07) 0.980
nfvPPA 0.19(0.08) 0.015

Results of a generalized linear model analysis for inter-word pause rate, with gender, age, years of education,
and PPA subtype as predictors.

SE, Standard Error; PPA, primary progressive aphasia; svPPA, semantic variant of PPA; 1IvPPA, logopenic
variant of PPA; nfvPPA, non-fluent variant of PPA

p<.05
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7} obge) 4, A%, ReAFE BASA $S AHM FYE PPA
ofed oA 1 ¢ W& Ay= (Table 4003 Zoh ofd 3+ 4 #H&
FA#UE A% nfvPPAT, svPPA, A7, WPPAY o= E3oH
o b Apol7t FAH O froletA gkttt o]l wiEk ofFd ofd 3 4
Hl&e] EEE (Fig 19)9F 2
Table 40. Inter-word pause rate between groups

PPA, Mean(SD)
Variable Controls P value
SVPPA IVPPA nfvPPA
Inter-word
pause rate 0.33(0.07) 0.30(0.05) 0.51(0.06) 0.31(0.05) 0.062

The mean and standard deviation of inter-word pause rate, estimated using a generalized linear model.

SD, Standard Deviation; PPA, primary progressive aphasia; SvPPA, semantic variant of PPA; IVPPA, logopenic
variant of PPA; nfvPPA, non-fluent variant of PPA

p<.05
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Fig 19. Inter-word pause rate distribution between groups
SVPPA, semantic variant of PPA; IVPPA, logopenic variant of PPA; nfvPPA, non-fluent variant of PPA
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3.6.1.5. ]2 4 4 v &

R W 4 MEs B WFE P 9, JTRAL B Avke
(Table 41) ¥ Zth svPPAT (p=0.186), IvPPAT (p=0.490)9] A& W 4
Al Ao e zkol7k qlolth wWhd, nfvPPAT O] o W 4 H&2
el B8] 0.0610.02 2 oz FAH
Table 41. Factors affecting intra-word pause rate

Factor B(SE) p value
Gender, female 0.01(0.01) 0.344
Age 0.00(0.00) 0.646
Years of education 0.00(0.00) 0.143
PPA subtype
Controls Reference
SVPPA 0.03(0.02) 0.186
IVPPA 0.01(0.02) 0.490
nfvPPA 0.06(0.02) 0.005

Results of a generalized linear model analysis for intra-word pause rate, with gender, age, years of education,
and PPA subtype as predictors.

SE, Standard Error; PPA, primary progressive aphasia; svPPA, semantic variant of PPA; 1IvPPA, logopenic
variant of PPA; nfvPPA, non-fluent variant of PPA

p<.05
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7} obgel AW, A, KI5 E BASA ke FEelA] PPA o}F
ofd W 4 Hl& A= (Table 42)8F 2ot o1& of & vl& F4ge 45
nfvPPAT, svPPA, IWPPAT, AT +£02 =3kom Y oy 3k xfo]7}
SAAOR FoskA kokrh. ool wigh ofdE od W f W&o ¥
(Fig 20) ¥ &t
Table 42. Intra-word pause rate between groups
PPA, Mean(SD)
Variable Controls P value
SVPPA IVPPA nfvPPA
Intra-word
pause rate 0.03(0.02) 0.02(0.01) 0.06(0.02) 0.01(0.01) 0.090

The mean and standard deviation of intra-word pause rate, estimated using a generalized linear model.

SD, Standard Deviation; PPA, primary progressive aphasia; SvPPA, semantic variant of PPA; IVPPA, logopenic
variant of PPA; nfvPPA, non-fluent variant of PPA

p<.05
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Fig 20. Intra-word pause rate distribution between groups
sVPPA, semantic variant of PPA; IVPPA, logopenic variant of PPA; nfvPPA, non-fluent variant of PPA
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(Table 43)3} Zt}. svPPAT (p
Hl &2 AT F93 2ol 7t ¢lgitt. Hbd, nfvPPA

el HlE 0.30+0.06 & Zo® Fgdrh

3.6.2. FAFE 4 v &

3.6.2.1. WA A 4 H|&

AR Ao AlEs

2~ =] O
TE P

0.138),

Table 43. Factors affecting pre-noun pause rate

91 HAE A A HEE

Factor B(SE) p value
Gender, female -0.03(0.04) 0.410
Age 0.00(0.00) 0.560
Years of education -0.00(0.01) 0.537
PPA subtype
Controls Reference
SVPPA -0.09(0.06) 0.138
IVPPA 0.05(0.05) 0.311
nfvPPA 0.30(0.06) <0.001

Results of a generalized linear model analysis for pre-noun pause rate, with gender, age, years of education,

and P

PA subtype as predictors.

SE, Standard Error; PPA, primary progressive aphasia; svPPA, semantic variant of PPA; IvPPA, logopenic

variant of PPA; nfvPPA, non-fluent variant of PPA

p<.05
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W

7 , A9, BSATE SASHA &2 AH A F

d 5 = (Table 44)¢} 2o WA A 4 v]&
Z=Azkel 7% nfvPPA, IWPPAT, AT, svPPAT £0=® =

g 2 Zol7k BAACRE FsArt. Tt oy 3+ AolE e Ay
IVPPAT(0.61£0.04) o] svPPAT(0.47£0.05) ®.t}h &l stHAl
=9kom (p=0.002), nfvPPAT(0.87+0.05)0]  svPPA(0.47£0.05),
IVPPAT-(0.61£0.04), AA(0.56+0.03) Xt} F28kA =%THp<0.001).
olef ot o}FH WA A 4 vl&9 Fx& (Fig 21) % &t}

iy 1B
=

&

i,

)

Table 44. Pre-noun pause rate between groups

PPA, Mean(SD)
Variable Controls P value
SVPPA IVPPA nfvPPA
Prenoun ) 42005y 0.610.04°  0870.05) 5T 0.56(0.03)" <0.001
pause rate

The mean and standard deviation of pre-noun pause duration, estimated using a generalized linear model.
SD, Standard Deviation; PPA, primary progressive aphasia; SvPPA, semantic variant of PPA; IVPPA, logopenic
variant of PPA; nfvPPA, non-fluent variant of PPA

“Significantly different in comparison between svPPA and IvPPA
¢ Significantly different in comparison between svPPA and nfvPPA
§ Significantly different in comparison between IvPPA and nfvPPA

T Significantly different in comparison between controls and nfvPPA
p<.05
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Fig 21. Pre-noun pause rate distribution between groups
SVPPA, semantic variant of PPA; IVPPA, logopenic variant of PPA; nfvPPA, non-fluent variant of PPA
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p<.05
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3.6.2.2. A A 4 H&

A A ES T HsE 25 W, d¥eds A dne
(Table 45)3 #t}  IWPPAT(1=0.371)9 A A 4 v]&2 FAA4+3
o)t ztelzh §iglth. WA, svPPAT, nfvPPATS F20<rel wl&) 7}
0.28£0.10, 0.21£0.99 =& 7oz FAAT. w3 AHAHS ZA A 4

H]gof 23 JaS v H T (p<0.034).

Table 45. Factors affecting pre-verb pause rate

Factor B(SE) p value
Gender, female -0.14(0.07) 0.034
Age -0.00(0.00) 0.764
Years of education -0.02(0.01) 0.051
PPA subtype
Controls Reference
SVPPA 0.28(0.10) 0.005
IVPPA 0.07(0.08) 0.371
nfvPPA 0.21(0.99) 0.036

Results of a generalized linear model analysis for pre-verb pause rate, with gender, age, years of education, and
PPA subtype as predictors.

SE, Standard Error; PPA, primary progressive aphasia; svPPA, semantic variant of PPA; 1vPPA, logopenic
variant of PPA; nfvPPA, non-fluent variant of PPA
p<.05
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7} o}g o] S EAslo] =43 PPA ol HA A 4 v|& Ans=
(Table 46)3 2t FAF A 2 ¥]& FH#E 49 svPPAT, nfvPPAT,
IVPPAT, A+ o=z =tom v oy 3+ Aoyt FAHOR

ha

svPPAT(0.45+0.09) 0] 424 (0.18£0.06) ¥.t} 2] skl
=9kom (p=0.014), nfvPPAT(0.43+0.08)°0] A+ (0.18%£0.06) B.t}
FsHA =34t (p=0.024). ol tist ofFH FAF A W& FEE
(Fig 22) 9} #tth.

F8t At (p=0.00D). =3 ofd b AelE: el A

Table 46. Pre-verb pause rate between groups

PPA, Mean(SD)
Variable Controls P value
SVPPA IVPPA nfvPPA
Pre-verb .
re-ver 0.45(0.09)1 0.25(0.06) 0.43(0.08)" 0.18(0.06)" 0.001
pause rate

The mean and standard deviation of pre-verb pause rate, estimated using a generalized linear model with gender
as covariates.

SD, Standard Deviation; PPA, primary progressive aphasia; SvPPA, semantic variant of PPA; IVPPA, logopenic
variant of PPA; nfvPPA, non-fluent variant of PPA

1 Significantly different in comparison between controls and svPPA

T Significantly different in comparison between controls and nfvPPA
p<.05
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Fig 22. Pre-verb pause rate distribution between groups
sVPPA, semantic variant of PPA; IVPPA, logopenic variant of PPA; nfvPPA, non-fluent variant of PPA
*

p<.05
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3.6.2.3. €A A 4 v&

FoA A 4 HES 2L ASE PS o, JTFe0S B A=
(Table A7) 7} Fadey svPPA (p=0.838), IvPPA (p=0.450),
nfvPPAT (p=0.267) 2] &AL A 4 v&2S FAd Fo3t 2ol7t It

U
ofk

Table 47. Factors affecting pre-adjective pause rate

Factor B(SE) p value
Gender, female -0.01(0.11) 0.898
Age -0.00(0.01) 0.247
Years of education 0.02(0.01) 0.282
PPA subtype
Controls Reference
SVPPA 0.03(0.15) 0.838
IVPPA -0.10(0.13) 0.450
nfvPPA 0.19(0.17) 0.267

Results of a generalized linear model analysis for pre-adjective pause rate, with gender, age, years of education,
and PPA subtype as predictors.

SE, Standard Error; PPA, primary progressive aphasia; svPPA, semantic variant of PPA; 1vPPA, logopenic
variant of PPA; nfvPPA, non-fluent variant of PPA

p<.05
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Zh oty el A, ¥, wSdFE BASHA &2 AdHOlA F43 PPA
ol&d g A 4 ulg& A= (Table 48)3 Zvh dEAF A 4 v &
F43ke A$ nfvPPAT, svPPAT, AT, WPPAT $Oo2 =90
og b zfol7} FAFCE FoStA] gkt ofof st o} FLAF A A
H&o B¥ = (Fig 23) 3 2t

Table 48. Pre-adjective pause rate between groups

PPA, Mean(SD)

Variable Controls P value

SVPPA IVPPA nfvPPA

Pre-adjective

0.38(0.13 0.21(0.09 0.50(0.14 0.36(0.09 0.344
pause rate ( ) ( ) ( ) ( )

The mean and standard deviation of pre-adjective pause rate, estimated using a generalized linear model.
SD, Standard Deviation; PPA, primary progressive aphasia; SvPPA, semantic variant of PPA; IVPPA, logopenic

variant of PPA; nfvPPA, non-fluent variant of PPA
p<.05
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Fig 23. Pre-adjective pause rate distribution between groups
SVPPA, semantic variant of PPA; IVPPA, logopenic variant of PPA; nfvPPA, non-fluent variant of PPA
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3.6.2.4. FAL A 4 H&

FAL A 4 ovgs F5 HeE 92 v, gdgees EA3 Ay
(Table 49) ¥ 2t} IWVPPAT (p=0.433), nfvPPAT (p=0.668) 2] A} A 4
Hl &2 A3 593 2ol 7k At Wb, svPPAT S HAF A 4 v &
AAF o] vlE] 0.57+10.13 W¥e Ao FAHET) el A5e A A 4

vl o #93k 9= mHH(p=0.007).

Table 49. Factors affecting pre-adverb pause rate

Factor B(SE) p value
Gender, female -0.10(0.10) 0.347
Age 0.01(0.01) 0.007
Years of education 0.00(0.01) 0.992
PPA subtype
Controls Reference
SVPPA -0.57(0.13) <0.001
IVPPA -0.09(0.11) 0.433
nfvPPA 0.07(0.17) 0.668

Results of a generalized linear model analysis for pre-adverb pause rate, with gender, age, years of education,
and PPA subtype as predictors.

SE, Standard Error; PPA, primary progressive aphasia; svPPA, semantic variant of PPA; 1vPPA, logopenic
variant of PPA; nfvPPA, non-fluent variant of PPA

p<.05
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7 kel e FASte] 43 PPA o}FW ¥AF A 4 g Aupe

(Table 50) 3 2t} FAF A 4 ¥]&9 A5 nfvPPAT, A, IWPPAT,
svPPAY o= ¥gtow Ul ofg 3t Apol7h TAHCR Fofshyit. Ed

ol 7+ zpolE Feldt Ay svPPAT(0.03£0.10)°] IvPPAT(0.50£0.07),
nfvPPAT (0.66£0.15), AA+(0.60+0.09) Bt} &-2&+A 2kt (p=0.001,
p=0.004, p<0.001). o] st o} H HA} A 4 v B¥+= (Fig24) 2}

o

o

Table 50. Pe-adverb pause rate between groups

PPA, Mean(SD)
Variable Controls P value
SsVPPA IVPPA nfvPPA
Pre-adverb
pause 0.03(0.10)*1 1 0.50(0.07)* 0.66(0.15)i 0.60(0.09)7 <0.001
duration

The mean and standard deviation of pre-adverb pause rate, estimated using a generalized linear model.

SD, Standard Deviation; PPA, primary progressive aphasia; SvPPA, semantic variant of PPA; IVPPA, logopenic
variant of PPA; nfvPPA, non-fluent variant of PPA

“Significantly different in comparison between svPPA and IvPPA

¢ Significantly different in comparison between svPPA and nfvPPA

1 Significantly different in comparison between controls and svPPA

p<.05
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Fig 24. Pre-adverb pause rate distribution between groups
SVPPA, semantic variant of PPA; IVPPA, logopenic variant of PPA; nfvPPA, non-fluent variant of PPA
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3.7. o}F U FAE 4 v &
3.7.1. svPPA

svPPAT: Wjelld wAF b A7k ApolE A4 A3z (Table
S ok 7F FAF skellM el Byt 4 wES WAF 0.47£0.07, FA
0.461+0.27, BEAF 0.38+0.42, A} 0.04+0.30%, 7} WAL, FAL HEA
ko]l FAF Skrth fosAl =34 tH(p<0.001. p<0.001, p=0.043).

Table 51. Pause rate by part of speech in svPPA

Variable Mean(SD) Mean rank p value

Noun(l) 0.47(0.07) 10.61
0.377

Verb(J) 0.46(0.27) 8.39

Noun(l) 0.47(0.07) 10.39
0.477

Adjective(J) 0.38(0.42) 8.61

Noun(l) 0.47(0.07) 13.00
<0.001

Adverb(J) 0.04(0.30) 4.50

Verb(l) 0.46(0.27) 10.11
0.625

Adjective(J) 0.38(0.42) 8.89

Verb(l) 0.46(0.27) 12.67
<0.001

Adverb(J) 0.04(0.30) 4.88

Adjective(J) 0.38(0.42) 11.00
0.043

Adverb(J) 0.04(0.30) 6.75

The mean and standard deviation values of pause rate for each part of speech, calculated using the Mann-
Whitney U test.
SD, Standard Deviation
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3.7.2. IvPPA

IVPPAT UlellA] #AF 3 4 H]&2] Aol& E48 A= (Table 52) 8}
2. ZF FAF kelA ] Fa 4 ¥E2 HAF 0.61+0.17, FAF 0.25%0.29,
FEAF 0.21£0.25, FAF 0.53£0.38%2, HAF do] FAE, FEAF dRT
FsHA =ATH(P<0.001). S FA} ko] FAF, FEAF dHTE {25k
=%t (p=0.017, p=0.009).

Table 52. Pause rate by part of speech in IvPPA

Variable Mean(SD) Mean rank p value

Noun(l) 0.61(0.17) 25.63
<0.001

Verb(J) 0.25(0.29) 13.37

Noun(l) 0.61(0.17) 26.47
<0.001

Adjective(J) 0.21(0.25) 12.53

Noun(l) 0.61(0.17) 20.03
0.356

Adverb(J) 0.53(0.38) 16.79

Verb(l) 0.25(0.29) 20.50
0.574

Adjective(J) 0.21(0.25) 18.50

Verb(l) 0.25(0.29) 14.55
0.017

Adverb(J) 0.53(0.38) 2291

Adjective(J) 0.21(0.25) 14.21
0.009

Adverb(J) 0.53(0.38) 23.29

The mean and standard deviation values of pause rate for each part of speech, calculated using the Mann-
Whitney U test.
SD, Standard Deviation
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3.7.3. nfvPPA

nfvPPAT Welld &AF b 4 wlEe AelE 4% Ak (Table
53)3 Aok Zb FAF ellMel 4 B wES WA
0.42%0.33, ¥&AF 0.50+0.50, FAF 0.58£0.50%,
e st =9kt (p=0.005).

Table 53. Pause rate by part of speech in nfvPPA

Variable Mean(SD) Mean rank p value

Noun(l) 0.87(0.16) 14.55
0.005

Verb(J) 0.42(0.33) 7.10

Noun(l) 0.87(0.16) 10.82
0.160

Adjective(J) 0.50(0.50) 7.43

Noun(l) 0.87(0.16) 8.55
0.396

Adverb(J) 0.58(0.50) 6.50

Verb(l) 0.42(0.33) 8.70
0.765

Adjective(J) 0.50(0.50) 9.43

Verb(l) 0.42(0.33) 7.05
0.520

Adverb(J) 0.58(0.50) 8.63

Adjective(J) 0.50(0.50) 5.79
0.760

Adverb(J) 0.58(0.50) 6.38

The mean and standard deviation values of pause rate for each part of speech, calculated using the Mann-
Whitney U test.
SD, Standard Deviation
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AT el FAE 2F A g AolE E4 % Ak (Table 54) 3
o

2o}, 7z FAF oMo 4 Ho vES WA 0.56+10.19, FAF 0.18£0.22,
&8} 0.3610.47, FAF 0.58*£0.32%, WAL ¢oto] z} HAb 3 EAF otHT}
oAl =SkR( olo)

p<0.001, p=0.008). @3 KA} o] ZF FAF HEA
drch foaAl EUTH(p=0.001, p=0.043). PFx|EoZ o]5 FI3,
oty 3} FAE A At mA = weES FA4% Ay (Fig 25) 9F 2t

Table 54. Pause rate by part of speech in controls

Variable Mean(SD) Mean rank p value

Noun(l) 0.56(0.19) 29.62
<0.001

Verb(J) 0.18(0.22) 13.38

Noun(l) 0.56(0.19) 23.76
0.008

Adjective(J) 0.36(0.47) 14.24

Noun(l) 0.56(0.19) 16.76
0.851

Adverb(J) 0.58(0.32) 17.42

Verb(l) 0.18(0.22) 18.26
0.427

Adjective(J) 0.36(0.47) 21.03

Verb(l) 0.18(0.22) 12.95
0.001

Adverb(J) 0.58(0.32) 24.08

Adjective(J) 0.36(0.47) 12.35
0.043

Adverb(J) 0.58(0.32) 18.75

The mean and standard deviation values of pause rate for each part of speech, calculated using the Mann-
Whitney U test.
SD, Standard Deviation
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svPPA

EZA Pre-noun, mean difference: 0.26
=3 Pre-verb, mean difference: 0.17
X3 Pre-adjective, mean difference: 0.29
KT  Pre-adverb, mean difference: 0.05

IVPPA

nfvPPA

Fig25. Analysis of the interaction between word-class and groups on pause rate
SVPPA, semantic variant of PPA; IVPPA, logopenic variant of PPA; nfvPPA, non-fluent variant of PPA
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Appendix 1. Demographic information of individual subjects

Age Education
Type of group Gender K-MMSE AQ Fluency
(yrs) (yrs)
SV1 M 70 16 26 74.6 7
Sv2 F 77 6 18 79.9 9
Sv3 F 62 13 25 69.3 9
Sv4 F 68 6 22 65.7 8
svPPA
N SVs M 73 21 25 82.5 9
(n=9)
SV6 M 71 16 26 55.73 6
Sv7 F 61 20 28 60.7 9
SV8 M 53 12 17 29.8 6
SV9 M 85 16 5 37.4 7
68.89 14.00 21.33 61.74 7.78
Mean(SD
(SD) (9.43) (5.36) (7.18) (18.20) (1.30)
Gender, male 5(55.6%) - - - -
LVl F 78 12 17 63.2 6
Lv2 M 80 9 24 85.9 9
LV3 F 75 10 27 65.2 9
IvPPA
(n=19)
Lv4 M 60 14 28 89.3 8
LV5 M 60 16 22 74 6
LVeé M 66 12 12 68.5 7
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Age Education

Type of group Gender K-MMSE AQ Fluency
(yrs) (yrs)
Lv7 F 55 16 18 75.5 9
LV8 F 81 12 16 78.8 8
LV9 F 81 18 28 95.3 10
LV10 M 67 6 24 94.6 10
Lv11 F 71 16 25 90.7 9
LVi2 F 72 9 26 94.92 9
IVPPA LV13 F 14 24 1
(n=19) 58 953 0
Lvi14 M 72 14 26 90.4 9
LV15 F 79 18 17 90.6 9
LVI16 F 77 7 25 89.4 5
LV17 M 90 18 26 90.6 9
LVI8 F 76 12 22 85.4 9
LV19 M 73 12 25 87.4 9
72.16 12.89 22.74 84.47 8.42
Mean(SD)
9.19) (3.62) 4.57) (10.42) (1.43)
Gender, male 8(42.1%) - - - -
NFV1 F 69 12 13 48.4 3
nfvPPA
NFV2 F 79 12 19 359 2
(n=11)
NFV3 M 78 16 18 59.2 5
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Age Education

Type of group Gender K-MMSE AQ Fluency
(yrs) (yrs)
NFV4 M 77 16 22 76.6 5
NFVS5 F 66 6 27 76.6 5
NFV6 M 65 4 18 75.3 5
NFV7 F 59 12 15 54.9 3
nfvPPA
(n=11)
NFV8 F 59 14 15 54.9 3
NFV9 M 61 9 15 66.4 5
NFV10 M 65 10 25 82.7 6
NFV11 F 76 6 14 475 2
68.55 10.64 18.27 61.67 4.00
Mean(SD)
(7.72) (4.06) (4.63) (14.95) (1.41)
Gender, male 5(45.5%) - - - - -
Cl M 68 12 29 -
C2 F 63 14 30 - 8
C3 F 66 12 28 - 10
C4 M 84 20 28 - 8
Controls
(n=21)
Cs F 79 12 25 - 10
C6 F 82 12 26 - 10
C7 M 86 16 27 - 8
C8 M 69 14 30 - 10
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Age Education
Type of group Gender K-MMSE AQ Fluency
(yrs) (yrs)
Cc9 F 64 12 26 - 9
C10 F 63 12 29 - 10
Cl1 M 59 16 27 - 9
Cl2 F 56 16 25 - 10
Cl13 M 73 12 26 - 9
Cl4 F 63 9 27 - 8
Controls Cl15 F 71 6 24 9
(n=21) )
Cl6 M 55 12 26 - 10
C17 M 56 12 25 - 9
C18 M 57 20 29 - 10
C19 F 68 12 29 - 10
C20 M 76 14 27 - 10
C21 F 61 16 29 - 10
67.57 13.38 27.24 94.90 9.38
Mean(SD)
(9.47) (3.23) (1.79) (0.00) (0.80)
Gender, male 10(47.6%) - - - - -

SD, standard deviation; svPPA, semantic variant of PPA; IVPPA, logopenic variant of PPA; nfvPPA, non-fluent
variant of PPA; M, male; F, female; yrs, years; K-MMSE, Korean-Mini Mental State Examination; AQ, aphasia
quotient
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Appendix 2. Stimulus of beach scene for picture description”
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Appendix 3. Principles of utterance segmentation®
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Appendix 4. Principles of Word segmentation®®
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Appendix 5. List of words by word-class and group

Type of Word-class Examples
group
of, 7, with, AR &, v &, X)), Y], ﬂﬂﬂ of7], F-
A A, A, ZFobA], Z1ER, obA], ozk, wigd w), A, B4, 2, A, o
NN e wer Ak ﬂ%ﬂ,%ﬂ,%%,%ﬂ,%ﬂ,%ﬂ,%#
npxb7bA], o] &, B, o E, 77t Al7E
otk itk o), 9t wh, B, sttt At By
datry, RECh ZHA7iY, A, e, AFsich, Ao, %Eh
PPA Verb Gty Rot}, olopr|sit}, 7|24}, ik, 5, Aojritt, Sty
gropleh, At ohdch, sty A, wgcy, Ao, 7]9-d
g, olgsitt, itk Ry, dopriut), xtirch, Atk it
=
Adjective T, Fth, o]ttt Qltt, ¥, ¥t H3
Adverb Zh, uk ol
oAzl A @A, F, Av], A=E, Fopx|, Ay, A, 3¢, Med
71eh, E, Ah, RES7E, b, FEo], obwA], <dmp, AR, AR d
54, ymA, Abg, B2, mol, off, opuwh, o}, Atk A7, #AFE
ofQl, AIZh, dpo], ofvtE, W}, Ak, A, &€, wdh, i, e
Wy, A%, F7HE, Wk, slesd, H, 2mvydd, 9%,
W], QB B A By, 0B vEkE, g, 7, 4,
A%, RE WA, 2,%%,§ﬂ4,iﬂﬁ,ﬁﬂ,iﬂﬁﬂ,ﬁ
IVPPA Noun A&, Jdd, BZHAPE, orEnt, dtw, H, vhs, =, dl, Ful, Ut

A, HE, T5, W, de, ofdl, ¥4, &, AAL 84, AdEH,
AT, e, g, wlTn, Zop A, &, 3, B, AMolE, Y, ol
121}
h

AR, £Y, 9, %‘%, a4, odeh Fd, 94, 2d1, & ke,

, wel A R E o R E
PR, SHE, btel, sek, W, BT, R, S, A, olF, W
AN, A, # F A B4 U0 wE A, 4 AW, B 24
Fer, AT, Apel, dlolE, HlF, 7, oA, ukSel

122



Type of

Word-class Examples
group
sl otk woh sboh ook WA dgsch 2 7 Ao
wrh, men,  Fwoldt, ey, wEd, whgn, o) St
dol ety st ok, Wttt etk So}, debrhch g,
vep | CVAETETL sisheh et weh g e edbid,
S48 e, ot o, s w2, $AX, dolo )
Wbt wolth, AAbsith woh, Rl nd, mejen At
Aoloth, Avintl, mAXC 2tk 3t} dojrity, wolrjth wh
SEs, AFat, molsil, ubelsit
IVPPA
Auigict, ol Ale|Ery, w Eth, F2oh olfgth uolut
ey T TE AvRE @l o ohdeh, W, E wd,
! Zombsih, wAST Wb A omo, gk, moh A
oywt}
vy ZET oA Fol, A WA, B, o, H, o 44,
0 otul, ®, g, Asrel, @A, zE, oy
W3, ol7], b b, AR =, way], W, HolE, H, ofo], =4,
A, ZF, WA, =g, A, b=, obmA, o), o}Z, s, ub, ol
Noun %, 7], wksizh, bt Agol, of, ofxh, ofsbE, wm Zhulz], &Al,
D oA 7| stk B, B, o2, ey, stolwx], WE
AZetold, HERA, AR A A
Wit wh, Zulsid, olalsttl, shAth Atimt dolEsl,
nWPPA  Verb  mhATh =9ty medh mebsbn, A ABAWE ofTet
mo, gejoh(zele), ek, 2tk dolsbdh, sboh, Alghah 9ot
Adjective  aghth, FEashch @meich e}, s
Adverb =, oA, T}, olH
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Type of

Word-class Examples
group
sko], guly], Fopulx], A7, ol g, A, o7}, BB, 77,
W, B, hE AW, sR oks, o], R me @l v
o), o}7), mal, dul, ok, memo], U, WA, olF, o2FH}
MR, BT, R, sekd, SA4, b F uisis), Beh, 25
oy AP elel, wol, o W, Ea, &F ofal, vty AT AU,
EUm 2w kgl o, A, S OlR, AR wjT, oA, £4, AT
wol, ol Hlok opulA, mAld, A, &, @& £E do|E, F4,
Sob qW, AL Al wer nhe, wmel 7o) @, A spast
USo], U, olEnh, wlzE, o w9l 7leu, 9% Ale], 31ool
QE, o}5, @ olAK, AU, ol HFa, o, FIu
et A st meldh, S, At wt ded, o
Controls Holxth, A}, Weltud, s, sbAn, wEn, Suled, g,
wop Wy, ekt ot meth A, A, gedy g ued
Vet o, A, maekd, At 2700, g, gEolahd, Aded,
Pty Asih melenh, =uh, AAL, sk ok Zh
wolt}, st A}, Ade}, 1wt
W, ogait, Welatt, avbEch FaEd, 2o A9, okEwn
Adjective o1 S-ETH, st Adetd, Toh oldn, A, Awg, W,
Ak, A glck
ey LEAL S R ek 2ol 23, YR, F, a9, o,

w, Wel, A, gol, eldsl, 2, g, el

svPPA, semantic variant of PPA; IvPPA, logopenic variant of PPA; nfvPPA, non-fluent variant of PPA
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ABSTRACT

Pause characteristics by utterance position
and word-class in primary progressive aphasia

Primary progressive aphasia(PPA) is a neurodegenerative disease characterized by prominent
language impairments for the first two years following onset, caused by localized degeneration in
the dominant hemisphere regions. PPA is clinically categorized into three subtypes: semantic
variant(svPPA), logopenic variant(lvPPA), and non-fluent/agrammatic variant(nfvPPA).

Pauses that occur during speech production are emphasized as a simple and reliable biomarker
for the classification and early diagnosis of PPA subtypes. The characteristics of pauses, which
reflect issues in semantic knowledge, word retrieval, and syntax, can be distinguished by parts of
speech.

To this end, pauses were categorized and analyzed as inter-utterance, intra-utterance, inter-word,
and intra-word pauses. For each major part of speech, pauses were analyzed before nouns, verbs,
adjectives, and adverbs. The study included 60 participants: 9 with svPPA, 19 with IvPPA, 11 with
nfvPPA, and 21 in the normal control group. After transcription, the length and proportion of pauses
were measured using Praat, and parts of speech were tagged using UTagger.

The study found that the nfvPPA group had longer between-utterance pauses compared to the
svPPA and IvPPA groups. These between-utterance pause patterns were reflected in the total pause
duration and were particularly notable before nouns and adverbs. This is inferred to be due to the
slow speech rate, effortful speech, and motor planning defects characteristic of nfvPPA patients, as
well as the decreased articulatory movement speed caused by speech motor impairments. The IvPPA
group also used pauses to compensate for word retrieval deficits, but these pauses were relatively
shorter than those observed in the nfvPPA group.

Meanwhile, the IvPPA group had longer inter-word pause times within utterances compared to
the svPPA group. This suggests a significant influence of frequent pauses and fillers used as
strategies to compensate for word retrieval deficits in the IvPPA group. Additionally, the IvPPA group
showed reduced fluency due to sentence revisions and exhibited more pauses due to internal
cognitive processes involved in speech modification.

On the other hand, the svPPA group exhibited shorter pauses due to the use of strategies such
as speech modification, frequent noun production, noun pronoun substitution, and circumlocution
to cope with semantic impairments and word retrieval difficulties.

In the comparison of pause times by part of speech, the svPPA group had longer pause times
before verbs than before adjectives and adverbs. This can be attributed to two reasons: first, in
Korean, some verbs are compound verbs formed by adding the suffix '-}t}(-hada)' to nouns,
extending the noun production deficits of the svPPA group to Korean verbs. Second, the strategy of
lexical simplification to compensate for noun retrieval problems, such as pronominalization, is
difficult to apply to verbs.
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Lastly, all four groups exhibited longer pause times and higher pause proportions before nouns
compared to other parts of speech. This is because, in the Korean semantic structure, the subject or
topic to be described is located before the predicate. Additionally, syntactically, the basic word order
places the subject at the beginning of the sentence, relating to the internal cognitive process of
sentence construction and planning.

The significance of this study lies in its provision of data on pause characteristics through an
acoustic analysis of the speech of svPPA, IvPPA, nfvPPA, and normal groups, as well as its status as
the first study to analyze these characteristics in terms of Korean parts of speech. For future research,
it is suggested to classify and compare adjectives based on their modifying and descriptive functions
and analyze pause characteristics according to the frequency and length of the words.

Key Words: primary progressive aphasia, picture description, pause duration, pause rate
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