COMMUNICATION SCIENCES & DISORDERS

| ISSN 2288-0917 (Online) | Commun Sci Disord 2022;27(1):158-174

Original Article
https://doi.org/10.12963/csd.21796

Effects of Working Memory Capacity and Noise
Placement on Passive Sentence Processing in Elderly
Adults: An Eye-Tracking Study

Minjung Son®, Seung-Ha Oh", Jeong-Sug Kyong’, Jee Eun Sung’

"Department of Communication Disorders, Ewha Womans University, Seoul, Korea
*Department of Otorhinolaryngology-Head and Neck Surgery, Seoul National University Hospital, Seoul National University College of Medicine,

Seoul, Korea

‘Department of Audiology and Speech-Language Pathology, Hallym University of Graduate Studies, Seoul, Korea

Correspondence: Jee Eun Sung, PhD
Department of Communication Disorders,

Ewha Womans University, 52 Ewhayeodae-gil,

Seodaemun-gu, Seoul 03760, Korea
Tel: +82-2-3277-2208

Fax: +82-2-3277-2122

E-mail: jeesung@ewha.ac kr

Received: January 11, 2021
Revised: May 6, 2021
Accepted: July 26, 2021

This research was supported by the National
Research Council of Science & Technology (NST)
grant by the Korea government (MSIT) (No.

CAP21051-000).

ks Aol AR ofzE QA7 s M otk 5 3 A

Objectives: The purpose of this study was to investigate the effects of working-memory
(WM) capacity on age-related changes in abilities to comprehend incomplete passive sen-
tences using eye tracking. Methods: A total of 45 individuals participated in the study. The
incomplete sentences were made by replacing dative case makers or verbs with white
noise. A composite measure of WM scores was used as an index of WM capacity. Results:
The elderly group and the lower WM group showed worse performance in accuracy and
response time under the both noise conditions. All groups showed worse performance
under the verb noise conditions in accuracy and response time. In accuracy, a two-way in-
teraction between the age groups and the WM groups was significant. There was a correla-
tion between the noise locations and the age groups in response time. In target advantage
ratio (TA), there was a correlation between the regions and the age groups under the both
conditions. Moreover, the main effect of the region was significant under the verb noise.
Conclusion: Ageing reduces the ability of sentence processing and the sentences without
verbs were more difficult to process for all groups. Also, the WM capacity can affect sen-
tence processing and the affect increases with ageing. TA results showed that elderly adults
use an inefficient strategy when dealing with incomplete passive-sentences, affected by
reduced cognitive function due to ageing. Also, TA results suggested that WM capacity plays
different roles in online and offline sentence processing.

Keywords: Ageing, Passive sentence processing, Working memory, Eye movements, Noise
placement
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Old (N=21) Young (N=24)
High (N=10) Low (N=11) High (N=12) Low (N=12)

Gender

Male 2 4 0 4

Female 8 7 12 8
Age (yr) 63.80+4.37 (60-73) 68.91+3.53(62-74) 23.08+3.03(20-30) 25.67+6.39(20-38)
Education (yr) 16.20+0.63 (16-18) 13.64+2.50(12-18) 14.92+251(12-18) 14.17+1.34(12-16)
WM sum 26+3.97 (21-34) 16.73+1.79(14-19) 37.67+4.21(32-45) 24.67+4.03 (18-30)
MMSE 29.8+0.63(28-30) 28.18+0.98(27-30) 29.75+0.62 (28-30) 29.75+0.45(29-30)

Values are presented as number or mean+ SD (range).

WM =Working memory; MMSE =Mini Mental State Examination (Kang, Jang, & Na, 2012).
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Table 2. Example of the sentence stimuli
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M

22 Figure 13} Figure 20]] A A5}k

smz
S A=F L =53707]

2 Aol AR SR
2|2 = guiRen WA o] 27 283 B0l vlolzig}
o] 7H21Z 20 cmZ $ 413101 Z-831ck 555 2ol The
Audacity TeamA}2] AFE] AL

§5to] BA0] I WA of 2] SIak IR} B8 B mhAlet

N
1A
o
ox,

Noun Phrase 1 (NP1)

Noun Phrase 2 (NP2) Verb

Dative case marker \Wonsungi-ga (Nom.)

hama-gge (Dat.) (white noise)

jjotgida

=The monkey is chased by the hippopotamus

Verb Geobugi-ga (Nom.)

dwaeji-ege (Dat.) Jjotgida (white noise)

=The turtle is chased by the pig

Nom.=Nominative case marker; Dat.=Dative case marker.

Target picture Foil picture

Target picture Foil picture

Wonsungi-ga hama-ege jjotgida
(noise)

Geobugi-ga dwaeji-ege jjotgida
(noise)

=The monkey is chased by the hippopotamus
(noisc)

=The turtle is chased by the pig
(noise)

Figure 1. Example of picture stimuli of noise placement on dative case marker.
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Figure 2. Example of picture stimuli of noise placement on verb.
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1) Calibration and validation
2) Fixation

3) Presenting the picture stimuli

4) Presenting the sentence stimuli

5) Choosing the answer

6) Drift correct

Figure 3. A display of experimental procedures.
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Table 3. Descriptive statistics of accuracy (%) of task trials on sentence processing

COMMUNICATION SCIENCES & DISORDERS

7gule& W grolok. of TP A=T1HE 24 100 ms O &
ARE A RES 24T 2 Aotttk 11 A3, 5 4552 A4

7 Yo7} Aol sahelolek
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Aol 1ot 8 HEHAL, ) X 22917 ZHUCIAZA} vs BAD 4
HEZ AL A (three-way mixed ANOVA)S AA|5HTL, H3E
A2 APALEELR(TAYS] Fol7} §olaha] Sroli] Sl 2t 2
A 27 EE vo] At X 27185 ATAL, A) X 1t
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7(1% 7Fu %
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o
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Hygnt
HFS XSt (Accuracy)

-1 U] HAOfA F 1A 2AOIAZEAL SA) 2 A
71987 AL, Aoll whef vho] Jetk 7 k-3 glol A 2fol7} EA
20 2 §OJ5kA] Lotk 7] sl Fek X 23 9A] 274 X A7
B85 AL EFHE AR A (three-way mixed ANOVA)2 A3}
t}. 71&57| A1} Table 37} Figure 42} 2T}

5
WA Ak 2591%] 2700 W2 I FAH R fofst
ACHFo, 00 =10.887, p = 002), %, A} 22 912 H 1) Ht
HHS R 91.70% = SAF A5 914 0] Bt B8Rl
85.28% T} oI5| =2 2102 Eefylth th2o 2 yolof u}
G FRIHEAA 02 F-OJ8EATHF, 4 =16.003, p <.001).
e Al el i w8 sheRl o sows B3 4

o+ W87 2h=el 95.42%0]] sl f-ofoHA e sl w2 tet
. Ef& A7 ST, Aol w2 TR EAH 2 {9
(Fo.1=8.560, p = 006). Z, 2217|0182 11 ]ctoll 4] 119]
u} S8Rl 93.56%= 217187 A Rhol| A Bl Bt

1

v

oE. i’,ﬂ ¥ JlN
g oﬁ

Old (N=21) Young (N=24)
High (N=10) Low (N=11) Avg. High (N=12) Low (N=12) Avg.
Dative case marker 96.00(3.44) 76.36(17.98) 85.71(16.37) 97.78 (4.34) 96.67 (5.32) 97.22(4.78)
Verb 86 (11.95) 67.88(26.47) 76.51(22.37) 94.44(5.57) 92.78(10.12) 93.61(10.12)

Values are presented as mean (SD).
WM =Working memory.
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Figure 4. Summary of the mean accuracy for each condition in all groups.
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CM=Case marker; High=High working memory group; Low=Low working memory group.

Table 4. Descriptive statistics of response time (ms) of task trials on the sentence processing for age groups and working memory capacity group

Old (N=21) Young (N=24)
High (N=10) Low (N=11) Avg. High(N=12) Low (N=12) Avg.
Dative case marker 1,690.82 (613.77) 2,291.21(711.43) 2,005.31(719.024) 910.11(489.7) 1,316.3 (798.06) 1.113.2(679.95)
Verb 32604(1,291.61)  4,62943(2,197.31) 3,977.51(1,911.98) 1,508.64 (567.14) 1,983.92(1,184.1) 1,746.28 (939.85)

Values are presented as mean (SD).
WM =Working memory.
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= ow
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2,000
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Figure 5. Summary of the mean response time for each condition in all groups.
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CM = Case marker; High=High working memory group; Low =Low working memory group.
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Table 5. Descriptive statistics of target advantage ratio of task trials under dative case marker noise condition for age group and working memary capacity group

Old (N=21) Young (N=24)
High (N=10) Low (N=11) Avg. High (N=12) Low (N=12) Avg.
NP1 -03(.24) 06(.18) 015(.21) -10(.11) -15(.19) -13(.15)
NP2 -05(.22) -01(.21) -03(.21) -10(.22) -07(17) -08(.19)
Verb -07(.26) -21(.25) -14(.26) .00(.16) -07(.16) -04(.20)
Values are presented as mean (SD).
NP=Noun phrase; WM=Working memory.
Old Young
1 r 1 r

08 | ®High 08 | ™ High

06 | ®low 06 | ®Llow

04 04

02 02

= 0 = 0 W

-02 -02

04 NP NP2 Verd 04 NP NP2 Verd

-06 -06

-08 -08

-1 b

-1 L

Figure 6. Summary of the mean TA ratio for each region under dative case marker noise condition in all groups.
TA=Target advantage ratio; NP=Noun phrase; High=High working memory group; Low = Low working memory group.
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H|L-(TA)2] 2}o|7} S-21514] ok
= J2)31 vro] ek 719] ARRFAFS
A20.2 Golak) Lk ofol Tk HAATH: Table

Ao A FE7HNP1 vs NP2
vs Verb) 2}el7193- 88k q1, A)o]| whak to)] Zeh 7F 23 2= A4
A THIE(TA) Z[o]7} BAIZ 0.2 FoJ3ta] dopr 7] Haf kX
TEEX 2171987 A S AR A (three-way mixed ANOVA)
< AT 7|58 A3}= Table 731} Figure 83+ 22T

B Auf, 27kl et R EA K 0 2 S-0J5AcHFe sy =
42.176, p<.001). ©|o] u}2} BonfferoniE A-8-3F AR 7S A4

Table 6. Descriptive statistics of target advantage ratio in each region under
dative case marker noise condition for age group

Old (N=21) Young (N=24) t
NP1 015(.21) -13(.15) 2.662
NP2 -03(.21) -08(.19) 0.975
Verb -14(.26) -.04(.20) -1.564

Values are presented as mean (SD).
NP=Noun phrase.

AR BET =S SIEE A AT+ 2019 9
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Rtk 1_4 o]x}xl-gzl-.g_o] Ez]];el og ‘IT—‘] 0}7\] oLo]—ou% :'7_7].
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Figure 7. The two-way interaction between region and age group.
CM=Case marker; TA=Target advantage ratio; NP=Noun phrase.

Table 7. Descriptive statistics of target advantage ratio of task trials under verb noise condition for age group and working memory capacity group

Old (N=21) Young (N=24)
High (N=10) Low (N=11) Avg. High(N=12) Low (N=12) Avg.
NP1 08(.19) -10(.14) -01(.19) 03(.31) -04(.17) -01(.24)
NP2 -06(.22) 06(.17) 01(.20) -01(.17) -05(.21) -03(.18)
Verb .35(.36) 18(.25) 26(.31) 56(.23) 53(42) 54(.33)
Values are presented as mean (SD).
NP=Noun phrase; WM=Working memory.
Old Young
1 r 1 r
08 | ® High 08 I * High
06 L ™ Low 06 - ™ Low
04 04
02 02
= 0 = 0
-02 -02
04T NPT NP2 Verb 04T NPT NP2 Verd
-06 | -06
-08 -08

Figure 8. Summary of the mean TA ratio for each region under verb noise condition in all groups.
TA=Target advantage ratio; NP=Noun phrase; High=High working memory group; Low = Low working memory group.
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Table 8. Descriptive statistics of target advantage ratio in each region under
verb noise condition for age group

Old (N=21) Young (N=24) t
NP1 -01(19) -01(24) 0.115
NP2 01(.20) -03(.18) 0.623
Verb 26(.31) 54(.33) -2.915

Values are presented as mean (SD).
NP=Noun phrase.
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Figure 9. The two-way interaction between region and age group.
TA=Target advantage ratio; NP=Noun phrase.
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