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Objectives: There is debate about whether sentence processing abilities decline with age
in older adults, or if they remain relatively intact. In contrast to the numerous studies on
English-speaking populations, little research has been conducted on the real-time sen-
tence processing abilities of Korean-speakers. This study aims to explore the effects of
word order canonicity on the real-time sentence processing abilities of older adults using
center-embedded sentences with subject-relative clauses. Methods: A total of 42 partici-
pants, 21 young and 21 older adults, participated in a self-paced reading paradigm involv-
ing complex sentences with subject-relative clauses. Participants read the sentences and
subsequently judged related statements. Additionally, reading times for each segment of
the complex sentences were recorded to determine where sentence information was inte-
grated. Results: Older adults showed significantly lower accuracy and longer response
times in judgment statements compared to younger adults. The response times exhibited
significantly greater differences between the two groups in noncanonical word order sen-
tences than in canonical ones. Additionally, older adults had significantly longer online
reading times in both canonical and noncanonical word orders compared to younger
adults, with notable differences in the regions of the subject-relative clause and the noun
phrase modified by the subject-relative clause. Conclusion: Older adults struggle more
with sentence both offline and online compared to younger adults, especially with nonca-
nonical word orders due to higher cognitive loads. Their longest reading times occurred in
noun phrases modified by subject-relative clauses, supporting the role of working memory
in real-time processing.

Keywords: Older adults, Word order canonicity, Sentence comprehension, Real-time sen-
tence processing, Complex sentences
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2022; Pliatsikas et al., 2019; Schwering & MacDonald, 2020; Sung,
2015; Waters & Caplan, 2001). JPH, 22}9] S2JulHS- A-8-31 o
FOAE el B4 Ae) oo $AHrks £ (Baum,
1991; DeDe, 2014; Kemtes & Kemper, 1996; Waldstein & Baum,
1992; Waters & Caplan, 2001)1} A3} th= &
thH(Fedorenko, Gibson, & Rohde, 2006; Gibson & Ko, 1998; Gye &
Kim, 2020; Lee & Sung, 2015).
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Table 1. Descriptive information of participants

Young (N=21)  Old (N=21) t D
Age (yr) 2624(548)  65.10(4.72) -24.627 <.001***
Education (yr) 15.33(2.11) 16.33(1.78) -1.667 104
K-MMSE 29.71(0.46)  29.38(0.67) 1.878 068
SVLT-IR® - 25.76(3.08) -
SGDS* 1.71(2.05) 86(1.49) 1.547 130
smca’ 71(0.90) 1.71(1.45) -2.678 011*
WMe 21.95(3.76) 17.95 (4.44) 3.148 .003**
PTA (dB HL) 2.18(3.76) 12.70(8.16) -5.366 <.001***

Values are presented as mean (SD).

*Korean version of Mini-Mental State Examination (Kang, 2006).

®Seoul Verbal Learning Test-Immediate Recall from SNSB-II (Kang et al., 2012).
°Short version of Geriatric Depression Scale from SNSB-II (Kang et al., 2012).
“Subjective Memory Complaints Questionnaire (Youn et al., 2009).

AWM =Working Memory; The score was calculated by summing up the scores of
Digit Span Test-Forward and -Backward from SNSB-II (Kang et al., 2012).

*p<.05, **p< .01, ***p<.001.
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Table 2. Example of sentence types
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Figure 1. Display of stimuli presentation.

- R1 R2 R3 R4 R5
Canonicity
AP-Loc. NP1 SRC NP2 Verb
Canonical In the park a singer-nom wearing a watch a judge-ace catch-pres pec
Noncanonical In the park a judge-acc wearing a watch a singer-nom catch-pres pec

R=Region; AP-Loc=Adverbial Phrase-Locative; NP=Noun Phrase; SRC=Subject Relative Clause; NOM=nominative case marker; ACC=accusative case marker; PRES.

DEC=present declarative ending.
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Table 3. Descriptive results of accuracy and response time between groups
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UpAEre 2, 2 ‘%I(X*Lqi 33 2t ol AFAERF, vIAdR)
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A0 2 ol a7 70 o W FISIsich el
a2 9lo) a9lo 2 FIaT
a7z
TE ZH o= M Yol| 2 FHs &M

ZF AR et ;AR o] Higt 71eFA 2= Table 3
off AABFAT AdS R =3 2 A% 2 v g4 SPR5H
off frefgt o7} leAl v E7] flelf dukeh Ay &t avk &
Ae AT 1 23, S| aiEe] A —’Fﬁé‘iﬂ.-‘ﬂ Bt
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Table 4. Statistic results of accuracy and response time

(A) Generalized linear mixed effects models of accuracy

s SE 4 p
(Intercept) 1.7466 2133 8.190 <.0007%**
Group 5874 1273 4616 <.0001%***
Canonicity -5734 1842 3112 .0019**
Groupx Canonicity ~ -.0670 0723 -926 3547

Sentence type Young Old (B) Linear mixed effects models of response time

Accuracy B SE df t p
Canonical (SD) 92(.27) 80(.40) (Intercept) 325648 16538 5271 19690  <.0001***
Non-canonical (SD) 79(41) 63(.48) Group 82195 15115 3971 5438  <.0001%**

Response time Canonicity 24559 8160 3788 3010 0046**
Canonical (SD) 2,253.11(1,404.12) 3,758.63(2,169.64) 1,222.91 2.055 0401*

Noncanonical (SD) 2,607.67 (1,536.27) 4.465.99 (2,570.38)

SD=standard deviation.

836  https://www.e-csd.org

Groupx Canonicity ~ 95.45 46.44

SE=standard estimate, df=degree of freedom.
*p<.05, **p<.01, ***p<.001.
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Accuracy
1.00
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Group
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25
0 (A}
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Figure 2. Depicting (A) accuracy and (B) response time in young and older adults.
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A ZA3}= Table 3 9 Figure 2Boj] A|AJsF$ick

2

i
=

I 7 Of SA W 97| TZH0| 2 27| AlZHEA
HYZ U A% 7k ol AR v, 18R W o] 7

£} 20 B A AAISIeIch 1 AT A SRS
o] 9] Ol'zl OFQkL, o= A W Q17| 71 7F o] A} AFE A0
Pl =002, o 2o 29 82 e 2 )

Aoz L}E}';}E}(ﬁ= 336.002, SE=111.511,
=3.013, p=.0045). $17] F7PEE Augl-s o, A4

Bt MA]{} 2]7] A7kl B3l R3 (3=168.088, SE=30.803, df=
3,480.099, t=5.457, p<.0001)¥} R4 (8=177.030, SE=30.803, df=
3,480.099, t=5.747, p<.0001)7} -2l51A] 71 210 2 LePdar, RIS
FoJaA &2 Ao 2 UERGTH(B=-306.959, SE=30.803, df=
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=330 271 248) 7] 719 AR APE A « gxgl 9
Response time
(ms) 12,000
10,000 [
v 8000 - Group
-E H Young
2 6000 | = Old
=3
= 4000 |
2,000
0 (B
Non-canonical Canonical
Sentence type
Table 5. Statistic results of reading time for each regions
(A) Canonical sentences
B SE df t p
(Intercept) 1,404532 112521 41.332 12482 <.0001%**
Old 336002 111511 39.985 3013 .0045%*
R1 -306.959 30803  3,480.099 9965  <.0001***
R2 12.889 30803  3,480.099 48 6756
R3 168.088 30803  3,480.099 5457 <.0001***
R4 177.030 30803  3,480.099 5747 <.0001***
R5 -51.047 30803  3,480.099 -1.657 0976
0Old * R1 117.102 30803  3,480.099 -3.802 .0007***
Old *R2 8.969 30803  3,480.099 282 7778
Old *R3 60.589 30803  3,480.099 1.967 .0493*
0Old * R4 130.349 30803  3,480.099 4232 <.0001%**
0Old * R5 -82.532 30803  3,480.099 -2.679 .0074**
(B) Noncanonical sentences
B SE df t D
(Intercept)  1,465.273  109.323 39918 13403 <.0001***
0Old 403399  109.323 39918 3.690 .0007***
R1 -405.687 35259 2874921  -11506  <.0001***
R2 -131.172 35259 2874921 -3.720 .0002***
R3 186.906 35259 2874921 5301  <.0001***
R4 353.000 35259 2874921 10012 <.0001***
R5 -3.047 35259 2874921 -.086 93Mn
0Old *R1 191.284 35259 2874921 5425  <.0001***
0Old * R2 -4.074 35259 2874921 -116 9080
0Old *R3 24.741 35259 2874921 702 4829
0Old * R4 193.215 35259 2874921 5480  <.0001***
0Old * R5 22598 36259 2874921 -641 5216

SE=standard estimate, df=degree of freedom.
*p<.05, **p<.01, ***p<.001.

3,480.099, t=-9.965, p< .0001). ¥FH R2 (p =.6756)2} R5 (p= .0976)
= AR o] A1Zbe) A st BAA .2 Sofat Kol 919
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(ms) Canonical
2,500
***
*
2,000 +
*%*
1,500 r HRK
1,000
500
0 - - -
R1 R2 R3 R4 R5
SHOIA Zt=2t AIAE 2t TS &ct
(In the park) (a singer-vom) (wearing a watch) (a judge-acc) (catch-pes.pec)
— Old 1,334.63(1,212.09)  1,780.28 (1,319.35) 1,987.37 (1,365.65) | 2,066.07 (1,341.72) | 1,625.11(1,182.77)

—  Young 877.97 (899.25) 1,072.02 (1,093.08) | 1,175.33(1,014.65) | 1,114.51(1,036.49) | 1,099.32 (1,039.84) Q

(ms) Noncanonical s
2,500
2,000 +
1.500 B *¥¥
1,000
500
0 - - -
R1 R4 R3 R2 RS
S0l TS AAE 2t 242t et
(In the park) (a judge-acc) (wearing a watch) (a singer-om) (catch-pres pec)
—_— Old 1,307.05 (1,302.62) | 1,768.77 (1,356.41) = 2,115.67 (1,272.70) . 2,450.23 (1,636.45) = 1,878.37 (1,354.46)

——  Young | 862.66(74471) | 949.96(73679) | 1239.22(961.59) | 1236.84(1,085.52) 1096.61(1,059.89) (5}

Figure 3. Reading time comparison across regions for (A) canonical and (B) noncanonical sentence types.

Values are presented as mean (SD).

NOM = nominative case marker; ACC=accusative case marker; PRES.DEC = present declarative ending; R=Region.
*p<.05, **p<.01, ***p<.001.
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of At AARE 7] G 71 o3 AR AVHE A ENE
o, =50l A 1A Bt AAIRE 67 AT R30 A 9] AAIRE 617
AJZE 7EO] Zpol7h A SHTE fo5H & o= Uehal(p=
60.589, SE=30.803, df=3,480.099, t=1.967, p=.0493), R1 (8=
117.102, SE=30.803, df =3,480.099, ¢ =-3.802, p=.0001)¥} R40]| |
T FUsIATHB=130.349, SE=30.803, df=3,480.099, t =4.232,
p<.0001). 5FH, R5 (B=-82.532, SE=30.803, df=3,480.099, t=
-2.679, p=.0074)= 7L 20| 7} LA HTE Aol A F-of5HA o
ZACE R29] AXZE 7] A7tk A st AXZE $7] AZE7Ee) A}
ol F HtolA Hlszsto] FAACE f{oskA] U
(p=.7778) (Figure 3A).

HIAF ol ool Al At 2 9171 511l
72 w4 A AR Hat AAIRE 9171 AR TiE] i S0 AA
7+ 71 ARbo] frofaHA| 71 Ao & e TH(B=403.399, SE=
109.323, df=39.918, t=3.690, p=.0007). 2}7] F-7FH= Armyle-
o, A4 Bt AAZE 9171 A7Eol| HIsl R3 (3=186.906, SE=35.259,
df=12,874.921, t=5.301, p<.0001)Z} R4 (B=353.000, SE =35.259,
df=2,874.921, t=10.012, p<.0001)7} F-J5}A| 71 ZAo2 Lyelyk
31, R1 (B=-405.687, SE=35.259, df=2,874.921, t=-11.506, p <
.0001)} R2 (B=-131.172, SE=35.259, df=2,874.921, t=-3.720,
p=.0002)= F-2J51A ZHE L2 = UERRiTh ¥, R A ¢
7] ARl AA) Bttt A O = F-olRE Ako] 7} Ik (p = 9311).
ekt AARE 971 1 7 o)A} Ao Ak AvE A EE ),
S04 A Bt AATE 67] AR Raof A o] AAITE 917
AJZE 7ke] Aol 7k AETHY frofstA 2 Ao = YERth(=
193.215, SE=35.259, df =2,874.921, t =5.480, p<.0001). IESH R1
& A Ht AAIRE 7] A 2 ES0] AARE ¢17] AlRE 7H
Zpol7b A AF R dFo] FosHA & Ao = eyt
(B=191.282, SE=35.259, df=2,874.921, t =-5.425, p<.0001). THH,
R2 (p=.9080), R3 (p=.4829), 12|31 R5 (p=.5216)| A= F Fct
ZEA}o)7F fi3AT) (Figure 3B).
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39 RS vs. 115) 1 ol AFA(HE ve. w1
el wre} F A He] TR BAOIA UAZH B A 5
of o Hl Xho]7} 1= 454 14} SPR whefchel-& AAT5HeICE
mekol 24 MO 2 B o3 Bl ANFETH Uk ARES,
eehel 24 o R 7P AR 7] ARES AH8 Skt
ofef wh2 =03 chg 3 e
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w2 0) A7)2887] 78k AR BEE A5 - Rl ol

|
Malyutina et al., 2018; Waters & Caplan, 2001). l=d 52 dlgjo] =
bl wfet 1ep7le] gefol st TR O R Bila B
AolMe 24719 882 Wol o= sfal, ofsf =4 HAf o]
B 9 AEE dAA 0 & 7|5k ATEESEE 8 5) . o]
23t Bgo] lwdFolAl= QAA A9 REe] F7HE 7P e,
A=olle FaSE e At olsist=d oldle& Hol
7] 3t} (Gordon et al., 2006; Naveh-Benjamin, Craik, Guez, &
Kreuger, 2005; Pliatsikas et al., 2019).

2 991 2%, 2 2ol vja] vlHY 2l ofa] 24
2ol ezt k0] 5-2Jal ) SEseh, ol ehtol ALgA5ol
ol Bge) Aol 91 A MEdT A%He 2 wist
= AgYAt51) Y| $It}(Baik et al., 2023; Oh et al., 2022; Sohn,
2019 Sung, 2015). FHE01e] A7} 2t Al efolele EAls]
wiofl Rh=5ofo] 24 ool Bl A AhETiaL shARE B A%
Ei= AP 2 271 S0V =9l Zlofeh E3h Fho]AF o

FrEthal el BRa=0] AQ1of| A AR SPR A
oAl A ool i) vIAR el erkgo] Wk A
= EY=, v|0A AF2E ofeql ojHoll e APAQl
27} L8 o 4= 9Jth(Erdocia, Laka, Mestres-Missé, & Rodri-
guez-Fornells, 2009).

A, =35 AESHE ofsl = Aol thgt ukS- AlRtol
L9l51A 71 Ao 2 LER)t] o] Salthouse (1996, 2001), Kem-
mer, Coulson, De Ochoa, 18] 11 Kutas (2004)2} 7+ L S0 4]
Argsts 2™ 3k 2ol sl 1d5-2] AHkAQl Q1] 8l loj
Ae] &7} AshE ofl A BlRht) 2 Atoll A HESAIE 4
off 323+l dlofel= 2 A 7E AR-a-3t w3HEolH, 21 FollA
T WA o dghE AlASE glolE 2rt EASHE 1ol =
E5kL 0|} E3E(binomial distribution) 2 $-¢1 4=<=(chance-
level) <=2 2o]] 3o} md5-2 2ol BSHAAL, 9] 1
W28 90 4 ool 4Rl BTk 5 s
OF 70 Rk AES Belths 21 ed5o] 242 B ol

<= ou)3k

71§l 71 At HR R s

oJu|gtth(Caplan,
DeDe, Waters, Michaud, & Tripodis, 2011). 3} Zth & oj= &
@7 7t ofA} mAlgo] ARkg-ollA = FoI5HA] kAN vhE-
AR AT frofRt Ao = eyttt of= kdFo] A gk

HAE Sl © 7] AR SARko 24 g EAolA ol
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