COMMUNICATION SCIENCES & DISORDERS

| ISSN 2288-0917 (Online) | Commun Sci Disord 2024;29(4):885-895

Original Article
https://doi.org/10.12963/csd.240077

Pause Characteristics by Utterance Position in
Patients with Primary Progressive Aphasia Subtypes

Hyun Soo Kim?* Deog Young Kim®, Byoung Seok Ye‘, Hyang Hee Kim®

‘Graduate Program in Speech-Language Pathology, Yonsei University, Seoul, Korea
*Department and Research Institute of Rehabilitation Medicine, Yonsei University College of Medicine, Seoul, Korea
‘Department of Neurology, Yonsei University College of Medicine, Seoul, Korea

Correspondence: Hyang Hee Kim, PhD
Department of Rehabilitation Medicine,
Yonsei University College of Medicine, 11-12
Yeondaedongmun-gil, Seodaemun-gu, Seoul
03721, Korea

Tel: +82-2-2228-3900

Fax: +82-2-2227-7984

E-mail: hkim97.yonsei@gmail.com

Co-Correspondence: Byoung Seok Ye, MD, PhD

Department of Neurology,

Yonsei University College of Medicine,
50-1 Yonsei-ro, Seodaemun-gu, Seoul
03722, Korea

Tel: +82-2-2228-1609

Fax: +82-2-393-0705

E-mail: romel79@gmail.com

Received: October 5, 2024
Revised: December 1, 2024
Accepted: December 1, 2024

2184405 (primary progressive aphasia, PPA)-2 W & %
42 297 R QIA] o] A o= A=A, ¢1of 7|5 A5t
7FFEHAA e B3 dofeliolth(Sonty et al., 2003).
Ao Y ER] =00 FF2 vlR|= | Al o] =4 A1 Ef3ol] 719
5} (Ratnavalli, 2010), ‘¢1o] 2524 X]ufj(language-led dementias)’
O] oF P =, 1 Aek 9 kol ARt ofgfe-& HeItHMarshall

etal,, 2018; Mesulam, 1982).
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= 5= (anterior temporal lobes)2] ¢
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(left perisylvian region)¥} 1=
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Objectives: Primary progressive aphasia (PPA) is a neurodegenerative disease character-
ized by prominent language impairments within the first two years of onset. PPA is clini-
cally categorized into three subtypes: semantic variant (svPPA), logopenic variant (IvPPA),
and non-fluent/agrammatic variant (nfvPPA). Pauses that occur during speech production
in primary progressive aphasia (PPA) can serve as simple and reliable biomarkers for sub-
type classification and early diagnosis of PPA. This study aimed to investigate the charac-
teristics of pauses in PPA subtypes during a picture description task. Methods: The study
included a total of 60 participants: 9 with semantic variant (svPPA), 19 with logopenic vari-
ant (IvPPA), 11 with nonfluent variant (nfvPPA), and 21 healthy controls. After transcribing
the participants’ speech, their pause durations were measured using the acoustic analysis
program, Praat. Pauses were categorized as inter-utterance, intra-utterance, inter-word,
and intra-word pauses. Results: Among the three types of PPA, the nfvPPA manifested
slower speech rates and longer pauses between utterances compared to the svPPA and
IVPPA. Furthermore, the IVPPA showed longer pauses between words within utterances
compared to the svPPA. Conclusion: This study found that speech rate and pause dura-
tions differed by subtype, with the nfvPPA showing effortful speech due to increased artic-
ulatory complexity, which is attributed to neuroanatomical insult. The IvPPA may utilize
pauses to compensate for word retrieval deficits during speech production. This study is
significant as it provides pause characteristics in speech across different PPA subtypes via
acoustic analysis.
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23 (logopenic variant)= = &9 1]&(left posterior tem-
poral cortex), X2 557 (left inferior parietal lobule)2] £>A4}0]]
718151, oJn| % (semantic variant)ol| A= G| o] BN H M3+
%(asymmetric anterior temporal lobe)©] $]&5]+= E4]o] ]t}

Hell, 1]+-%4% (nonfluent variant)2 45 H 27} a1} 28 ¢

ol 2= 1A (left inferior frontal cortex) W ]4d(insular cor-

8 =

tex), QoA = FAZSFA(left parietotemporal region) 9]
o] B2 TH(Gorno-Tempini et al., 2004; Matias-Guiu et al., 2022;
Santos-Santos et al., 2016).
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Jof| thgt H7HE 3| o] Fo| Aol gtk (Marshall et al., 2018). o] f
B7he= 8 992 T AE SAEC 7l e d 2 5
+/3), whe Esl], wheko] Bl Sk ofs, o] F 7], om| A A4
50 Atk 1% H(pause)> T R = FAYS AWl 21
A2 Q22 A Gafag Bl S nA7] diol 5851
tHRo Aok RtH(Kim et al,, 2022). 73 &= GZ=sto| w44t
ko] ¢ A RIS v gt Aol A= o] QAo+
9] o]30lE EAIE BHYst= TA R UERITHGayraud, Lee, &
Barkat-Defradas, 2011). PPA SR} A &= -8 T =8 5= 20] 0]%]
A 715 Yol 3], 24 AR S 22 w2 9] 7le = WY
= 710 2 UERGTHCordella, Dickerson, Quimby, Yunusova, &
Green, 2017). T3t PPA F]hof|A] 7/ttt 71 4 A1EA17t 3=
< ¢ HI&o] HalEw, PPA o 75§13t HioleupA = A 4
9] 3948 7=31tH(Angelopoulou et al., 2018).
W 2ol A A o] BES 71| of9]d, FEj-EAt
[o]- -84 T 22 oheket Aol 99 BHE 4 Sl
| Aot} oof] AZALS} IS Bl 2R ofFE
A, Hlash= Zlo] Zasith 9foflA= PPA S
Iotoll A 4 54 & ol 719 HluE F3f) PPAS
T7F 2 2R AL QLo ol A= PPA ofg 7F
7 uu|gh A7golck
ho (2023) ¢1Holl A= PPA 17 o} &S, Uahi =
ez Jddsh] IS Sl 4
[Tk S-Aa), e £ on|F, At B
=7t A vEbeH, Uah R EEE ofu]gol H]
o] Aiet. e, o Wf 4 W= Al7kof A
Aol 7k = A] Qrqkom, of g Hlmofl Al Al of
A A A7t AP QAk 9] Ate] A
G} ou|g o] Atolof] 28 7L 3h=d, o= i
= A uf|(frontotemporal dementia, FTD) o}
£ 7}7) uj o] tH(Matias-Guiu et al.,, 2022).
G- Wstol| A o] F7slar et L=t
7HA17] ol E-¢1of Ak Tt A
I g7k JHEsfof sh=t, ofeiRh AFle o5 ofele it
A= Folgltk(Ballard et al., 2014). whepA] 7 oS Wak-F-A4
o2 wdsy] flsfiil= 9] A fXE s v 2
7F ek Uoh RS} vl o] o] S vl ARyt
A= vlREEY] 4 Al EFREol vsf T ZA
Ch(Ballard et al., 2014; Gorno-Tempini et al., 2004; Matias-Guiu et
al,, 2022; Potagas et al., 2022).
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o) AETH S S SaFeba w0 BAJstel, 41 Alzke) Aol
£ HWSHot) T BA S oIk B A|EeE 4ol e S
w3, 4150 2 PPA A o} B 75 91t 7kt Alzlat 4
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TS Aelel EREIich TR 302 o))
S} olof 4] oo} s} A2} el Hols g e 1}
cisto] Wl Aol B3k A9 24 ol Aiaisch E
T AN 5 TGOl R PPA QS Mol 4% EE ol
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R LS EERRERES FEREE SIS 2
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= A2 F 21701 H (o) =10:11) (Table 1). AAF T2+t
A A~

Bl w454 - gt o

AT ek YRBto] 27w

9 7he 20049 290 1320 6WHAolelek oS Y 2§l

o 12 A, AR, wsdaol M Aol7t fijlert K-MMSE

(p<.001), Ao}Z Z]4=(Aphasia Quotient, AQ) (p<.001) X 3 X=22AM

3 A (p <.00n)ef M= frefdt Aol & Eirk 5} 2HRL QRA 0 R o] Wk Akl A thARFS ] o4
gAY A7 s 34 F-E-S Online Cutter Z 2 1908

Pt Apgto] WIS o|H8.0 2 AL A I £ 4

A=l B2 E3 AT FAHE Speech-To-Text (STT) AJH] 22l Y]

T A flote] stefrhol X gkt YAd HolE AL
7§% 3 (Paradise Korean version-Western Aphasia Battery-Re-
vised, PK-WAB-R)2] ‘AA &2 WHal7] S} | ‘sl r) 124y 1}
A& o] &5 rHKim & Na, 2012). T#HATE 34 2] 7 ‘Sfeizy

1) (Appendix 1) AIATBEL, thAAfol A “A 2R 188 2 1

AaL, Tofa] o] HofR|aL =] Aol|A| AbAs] Ay

WAL 2L 2| KISk ol ek AFEo] o]

ol

292 s}

o] 224} = E(v. 1.9.9, NAVER Corp, Gyeonggi-do, Korea) &
gg10] o] Rojion], 7102 £4] TS BT 44
‘3—4 ugh S AR, GARe) 9

m 90l AT s 2 e

AR B AE T

2 gzstol wat

F ol T9loh &8 w9l wAlalgch

1:1
-\_r:
S T AR 5T

2 A8k & Bl g 129] Praat (ver.

6.3.14, IPS, UvA, AMS, NL)& o]8-3}¢] E-44at9ich wa)golit

Ak e 2 ket A9 1 & x&zi AAEA Y kg oA Bk s A Hvoice onset time, VOT), % 2
Sl 2.2k A AEEITE AR 18 otE S8 34 FAl(articulatory pause)E FE6HA] QAL HA| 4] o] 2
Table 1. Demographic comparison of study participants
PPA
NC (n=21) p value
svPPA (n=9) IvPPA (n=19) nfvPPA (n=11)

Gender (N)

M 5(55.6%) 8(42.1%) 5(45.5%) 10 (47.6%) 928

F 4.(44.4%) 11(57.9%) 6(54.5%) 11(52.4%)
Age (yr) 68.89(9.43) 72.16(9.19) 68.55(7.72) 67.57 (9.47) 4729
Education (yr) 14.00(5.36) 12.89(3.62) 10.64 (4.06) 13.38(3.23) 243
K-MMSE 21.33(7.18) 22.74 (457F 18.27 (4.63)" 27.24(1.79)" <.001*
AQ 61.74(18.20)" 84.47(10.42) 61.67 (14.95) 94.90(.00)" <.001*
Fluency 7.78(1.30) 8.42(1.43) 4.00(1.41)" 9.38(.80)" <.001*

Values are presented as mean (SD).

PPA=primary progressive aphasia; SD=standard deviation; svPPA=semantic variant of PPA; IVPPA=logopenic variant of PPA; nfPPA=nonfluent variant of PPA; M=male;
F=female; yr=year; K-MMSE=Korean-mini mental state examination; AQ=aphasia quotient.

"Significantly different in comparison between controls and svPPA, *Significantly different in comparison between controls and IvPPA, *Significantly different in comparison
between controls and nfvPPA.

*p<.05.

Table 2. Pause duration measurements for the control and the PPA group

Pause duration Measurements

Total pause duration
Inter-utterance pauses
Intra-utterance pauses
Inter-word pauses
Intra-word pauses
Length of utterance
Speech rate

The combined duration of all pauses occurring between and within utterances

The duration of pauses occurring between complete utterances

The duration of pauses occurring within an utterance (includes both between-word, and within-word pauses)

The duration of pauses occurring between words within an utterance

The duration of pauses occurring within a single word, between syllables

The value obtained by dividing the total number of syllables by the total number of utterances represents the syllables per utterance (SPU).
The time from the first appearance of a waveform to the last appearance of a waveform is represented as syllables per second (SPS).

PPA=primary progressive aphasia.

https://doi.org/10.12963/csd.240077 https://www.e-csd.org 887
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5o 0.12:(100 me) 0]4F0] X|4A17HS 4102 H-531%1eHCho,
2023 Yoo, 2022), 4J0] 1} 0|41 4%, B FHAkIgLon], 2.8,
VA 2, olejo] WAl B4 %8 71,
Sgow 2Aslo] B 4 1ol EFAIZTE 4 W 930
weh k) 7k o} 7k ofd Ul Uiteo] Baalik 4 54 24
A AFBEI= 7} 297152 vk 8k o] HOfBloirh Table 2)

A

S7)z

EAEAlof| = SPSS (ver. IBM SPSS Statistics 29, IBM, Armonk,
NY, USA) i 2 735 A28} T} 11442 Kolmogorov-Smirnov
2 o] g5fo] HLAIBIICE PPA Wkt G4 2ol T o) Aol
Ab R TR} A4 (chi square test)-S A5 21, PPA %
T} dtol whE A%, w4 KMMSE, AQ, 7373 =2t

£ AHH B 112} Kruskal-Wallis 7472 AAI813ITE PPA Ak
Aol A, G158 47} 4 ATk} vl o] 9 4
2= Gk S HAsla A} Uuls] A% 13 (generalized lin-
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Table 31} Figure 19 A A% v}e} 70| o}&
AR A Ak v

A, A A AR 4540 7ol v, WEHE £, o
13, A o & dglom, | 7 7F Apol7h FA A 02 fofs)
tHp <.001). H]-G-33(4.87 +.50%)0] 2Jn|&(1.62 +.54%), I

S (1.99 £ .37%), AAdH(1.12 + 35%) M} 2k2F {-ole1A 4

Ark(p<.001).

Zh s} 9] 70o] 2

2 59519 E]—(p< .001). Pﬁ} Z3(3.12+ 425)01 AAF(1.83
+ 402) 50} fol5H] 29om(p= ou>mv%
o] 2Ju|&(2.56 +.62%) (p=.001), Bt HB12+ 42%) (p=
.001), FAH(1.83 + 40%) (p= .001)31:} 7474 S o)A ik

AU, S U 4 A7 gkl A9, s, o), 4

H A o' dglom, | 7 7t Afo|7F gA A o = {05}
HCH(p<.001). LSHZF(1.11 +.10%)0] u|E(74 £ .15%) (p=
.022), Hl--3E(.73 +£.13%) (p=.009), FAE(73 £ .10%) (p=
001) =} Z}2} oA Ak

A, o 7+ ARE Fgke] A9 HRHR S, A <fvl
B HAAE o2 Aglom, b o 7F Ao7t FAIA o 7 {9
HCHp<.001). W3 HZF(1.21 £ .11%)0] Qu|E(73£.16%) (p=
.001), B]-5-3HE(71 £ .15%) (p=.001), AAEH(74 + .11%) (p=.001)
Hu} 22t f-0)5HA| A%k

A, o d of 4 AlZE A7k 7ol B, omlE, i

Table 3. Descriptive statistics for pause variables for the PPA subgroups and normal controls

) Confounding variables svPPA [vPPA nfvPPA NC
Dependent variables pvalue
Sex Age Edu Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Total pause duration n.s. n.s. S 1,62 (54) 1.99(37) 4.87 (50 1.12(.35) <.001*
Inter utterance pause duration n.s. ns. S 2.56 (.62)f 3.12(42)% 5.90 (57)"" 1.83 (40)*" <.001%
Intra utterance pause duration n.s. ns. ns. TJ4(15) 1.11(.10)% 73(13) J3(.10¢ <.001*
Inter word pause duration n.s. ns. ns. 73(.16) 121 (1) J1(.15) TJ4(11) <.001*
Intra word pause duration n.s. ns. ns. 15(.08) 13(.05) 20(.07) .09(.05) 635

Length of utterance ns. ns. S 15.25(2.03"  17.82(1.39} 9.10(1.88*"  21.08(1.33" <.001*
Speech rate ns. ns. S 3.33(.25)* 245175 1.03 (.24)% 316 (17 <.001*

Results of a generalized linear model analysis for total pause duration, with gender, age, years of education, and PPA subtype as predictors, and the mean and standard devi-
ation of total pause duration, estimated using a generalized linear model with each confounding variable as a covariate.
SD=Standard deviation; s=significant; n.s.=non- significant; PPA= primary progressive aphasia; svPPA=semantic variant of PPA; lvPPA =logopenic variant of PPA; nfvPPA=

nonfluent variant of PPA; NC=normal controls.

*Significantly different in comparison between svPPA and nfvPPA, *Significantly different in comparison between IVPPA and nfvPPA, 'Significantly different in comparison be-

tween NC and nfvPPA.
*p<.001.
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Figure 1. Pause variables distribution among groups.

Controls

Inter-utterance pause duration (sec)

Inter-word pause duration (sec)

Length of utterance (syllables per utterrance)
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AIAY ol Bape] w4 54 - e o

l‘

svPPA IVPPA nfvPPA Controls
T l
1
1

svPPA IvPPA nfvPPA Controls
—
1

z = T
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PPA = primary progressive aphasia; svPPA=semantic variant of PPA; IVPPA=1logopenic variant of PPA; nfvPPA=nonfluent variant of PPA.
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oJu|g, uFslH2E AR 20 7 Zoklg] Y] o} 7} xfo| 7t &
AZ 0 & F-Of5IATH(p <.001). E3F - 7+ 2ol & eIt Ay, 9
1]§(15.25 + 2.03)0] AA (TS &2 21.08 £1.33)Ht} &
OfsHA A 3kem(p=.007), H]-F-4%(9.10 £ 1.88)0] 2Jm|F(15.25
+2.03), W3} E3(17.82 + 1.39), FATE(21.08 + 1.33) T} £-9]
SIA| ZFECHp =018, p <.001, p <.001).

npA|ure 2 WSt (S, 25 ) FAUY A 9,
Akt el Y, vl 9y o 2 wekon, Y| o 7t o]z}
FAACZ Fol5l3itk(p <.001). WM 53245 + .17)0] oJn|F
(3.331.25) (p=.004)7} HAH(3.16 +.17) (p<.00) =T} 22} &
ol5H] itk w3k u]-8-33(1.03 + .24)0] 2Ju]F(3.33+.25), vt
SHEEF(2.45+ .17), 28/d+-(3.16 = .17) e} 212} -0f51HA| =3tk
(p<.001).

Qzstol A T 4 S AlRdlofsa] Szt Al
ofab] oA, Q1A Hel gL uhedste] ek £ ¢t
PPA 241] iafollA] Lhebb 4 I, SARIO 24 Qojg
ofe] B4 otje GoIABe] Tk SET 49| 2ol S B2lst
17 3 o2 3 2 oFd e Haigk 9] EAL wjolst,
o}y £-7.2] wolentAZ A 9] 842 Wk

H
B o] Aseld 7Hy R u

2 7 e e =
2 Tk Aok AA o 2=, vl Aol vyt

o
Ao Eo] vlel Welhe 7} 2| Wt 2t ¢ Alzbo] At
+ Fo]cH(Ash et al., 2006; Ballard et al., 2014; Gorno-Tempini et
al,, 2004; Matias-Guiu et al., 2022; Nevler, Ash, Irwin, Liberman, &
Grossman, 2019; Potagas et al., 2022; Thomas, 2021; Wilson et al,,
2010). 130l 41 A17F0] B 71 o]z 54 o A1ak
7)oz A o ok v AR S w2 4 et ol e A
A 2.2 Go] 49 4 5
)82 HITHWilson et al,, 2010). E3F 124 w3t}

&AF0 F 0l5) 87| &5 £n ZMAL 8 HXXo] Z7)5)

H7E Ao S7HE ol RS A 4 Ath(Ashetal,
2006; Keator et al., 2019; Staiger et al., 2021; Wilson et al., 2010). ©|
213 o} 7 o 5442 A 4 Aol HEg =l o] UER .

B 5514 0 & 4]0] R LA 7 oF= 2274 =3 (bilateral middle

frontal gyrus)} %= 51453 (bilateral inferior frontal gyrus), %

flo

Mo
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4lFo]& (precentral gyrus) 9] Fu| e} AJHA| 7} QltH(Matias-
Guiu et al,, 2022). =3} 514 53(inferior frontal gyrus)7} $<5]
H B4 58, $4%3](middle frontal gyrus)7} $15EH 4%
A, ZAFZ 3 (posterior superior temporal gyurs)7| $&E™H
E1}0] AAA & UERATHMesulam, Wieneke, Thompson, Ro-
galski, & Weintraub, 2012). =, H|--3& 2] AA || Eek4] £AF
= 5 A%FY $1= (left inferior frontal atrophy)= T4+ 714
q

9
&4 A S UEYINNY &4, S7H ek e S

- O>

&=

B
o

W2 0] o B 42 Uehis ofg Ea e &
ol 711 Ao 2 f3Hr 4 Sl AR Bl e
39| &4 SIAY 2= TS S E T Matias-Guiu et
al, 2022). % FASTRE) £A4HL QAR A 2] Hho] 2
7] oot TL = Q1 B0l St S Tk ojuf Ao A%
A ZHe- v 925 o] &) 929} Ay oF= A=Y (bilateral
Frontal lobe)} THesle] whel, 5 2 709] 41 AIZE 9] Ao}

AR o] Tf$k X7} E 4= 9J)(Ballard et al., 2014).
T, RIS WA FUS ofF] 01F ATL 2

AY517] $15) 41 AHEBILE -2 Aol Lehb egel ket

4

5 o
Sl 1R 2247} clapd W] ekl 13)
T}H(Cordella et al., 2017; Cordella et al., 2019). s} =3
Hale] 2hole] 54 5 U5 ehol, 5 4
U Ao ofH&-& A=THMatias-Guiu et al,, 2022). U5
SO B £ 5 S o]} v 83 Ajolo] Ero R b
S} (Nevler et al.,, 2019; Potagas et al., 2022), 23} F-1 ZHo|| 4|
© TR dolFlg, Tof 27]9 ofgfgo = QIR 1 vk =9

2
=)
ru
it

)
S
19
)
g o

=
Tempin et al., 2008). 2|5}, 'WIFR532 v]-F-A-F ol Bl &
= 4 AL S 4 vl B e ek 9 7] Wheb ol S et
WHTh(Ballard et al., 2014; Cho et al., 2021; Cordella et al., 2017; Ma-
tias-Guiu et al., 2022; Wilson et al., 2010).

2 A TR B o R, e RSy} ojn] g Ua)
&Lzof Zpo] 7} glol e ekl ekt Eeo] et i ofd 7F
4 Al7bo] Aich= Folck(Ballard et al., 2015; Baqué & Machuca,
2023; Gorno-Tempin et al., 2004; Wilson et al., 2010). 0182 k=
ol ol 2] 9]z LiERL} 2o 619]2 Q1AJEln, Afolo]
#0] LFERPA Ick(Kim, 2021; Lee, 1990), 2yt Zajo] o] 7+
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4] 41 7 4 ol BT 2SS E GAE, S22
Aol 8 A FH) 5 AL Holi v AH S Ueh)

7] "j&o]th(Cordella et al., 2017; Gorno-Tempin et al., 2004;
Kertesz, Davidson, McCabe, Takagi, & Munoz, 2003; Weintraub,
Rubin, & Mesulam, 1990). T3} oJu|g X} €} &5 7} 7hAsk,
o] of @2 EAJS: vk 3 (Ghosh, 2030; Gorno-Tempin et al.,
2008; Matias-Guiu et al., 2022; Mesulam et al., 2008; Mesulam et
al., 2012; Wilson et al., 2010).

e, Slolg F ol AR 58 ol vsk
RHEYL2 o] F A Y3 A2k 2 A8t §IHSH ¢)(Mueller
et al., 2016; Rohrer, Rossor, & Warren, 2012; Wilson et al., 2010), 7+
FEAH(Cho et al., 2022; Ha, Jung, & Sim, 2009; Kim, 2006)5 A&
Sk ube, oju|ae 54 chof o] ofel$-& e ojs 3
ojiz AEHTHs AubQ) §o12 o] Al AHska(Ash
etal., 2006; Ghosh, 2020), ol 2] @317 & Al-8-51of wWhE il &
Lo} H] A A2 4lo] FEETHGorno-Tempin et al., 2008). ESF
g2 -qlofd] EAfo] thkof o] F7] Y &ju] &A4fofl A H]
FE|o|(Potagas et al., 2022; Utianski, 2019), 27| THA|of| 4] Thto]
ol 57| H et AA LS o] A ) T-qlofa] Wy} A vehd 4= 3l
T}H(Matias-Guiu et al., 2022; Rohrer et al., 2012). o|o]] 2|u]g 4
ool A vl F AR 27l A ddof o] LT
H@Pb‘ Z39] o 7t 419] B4 U3t o whedEo] Ut

o, |} vjw gl uf, ok £ o] ulR A S v
%“301 Ao Z4-9- 23t thofl A 1,000 ms o2 71 4 7
HISHA] A3 HHH, 177t Aol 2hke] 74-9- 250 ms m|RE
AU St B Aol9 ¢le ARtk AT At
2|3} (Thomas, 2021).

g, WSS ol 740) 41 A7 H ] BRG] §9
s o) Lhehul) gkgronk, BARate) sjolgrol §elslgirta
uhs] Aol Lol A x|alA] ok Axlo|th(Matias-Guiu et al.,
2022; Nevler et al., 2019; Potagas et al., 2022; Wilson et al., 2010). ~L
o148 ZAl A, 2 AToN THEALE 4] 23T AT}

-

e o oZi :lo
=l

] AR 4] G T 28 Ao 9T
MRS 4 Sl A Gatoloh 2ol S8 AT} FEHA) 9
ofoje] ursh U} 4 o 71 o) Wiz Alsistate] ek gk

BAJ}ol, 5 o} 7b0] foju]et Aol 7} ] ekoke 4 olrk
5k, W 7k 4 A7) Aafoh o2, vl 3o) ofd 7
& Wi Egol uls) Atk ol vl P S Waio

of vke s 4] ul g, B0 2 B A EAS A

9lolqe] ofelgol(Ash etal, 2013) 410] WHEgl] TEo
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2, ML 40] Lhek 4 Qli Blel o8 T719) 37}
<= ool uls) 27| Hapgiel ukek o} 71 29| o7} A Lhek
ek Elato] 3 5} Aol vl vl AR she B o} ks
WohR S vjwsle o, BlRAR e e Uet S5 A
4= QITH(Cioffi et al., 2016).
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Appendix 1. Stimulus of beach scene for picture description (from PK-WAB-R; Kim & Na, 2012)
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