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Objectives: The purpose of this study was to investigate how aging influences the percep-
tual span and reading through online reading measurement variables using an eye-track-
ing paradigm. Methods: This study had a total of 38 participants including 20 normal
younger and 18 older adults. Offline (reading comprehension accuracy) and online (words
per second, mean fixation duration) measurement variables were analyzed through sen-
tence comprehension questions and perceptual span measurement tasks. Results: 1) There
were not significant differences between the older adults and younger adults in reading
comprehension accuracy. There was no cognitive demand due to the low difficulty of the
task, and it did not affect the reading comprehension accuracy of each group. 2) There
were significant differences between the older adults and younger adults in both words
per second and mean fixation duration. The older group showed a decrease in encoding
ability due to the normal aging process. Additionally, the performance of words per sec-
ond and mean fixation duration was significantly lower under the one fixated word condi-
tion (TW) in both groups. 3) In the case of mean fixation duration, the older group fixed
their gaze longer than the younger. The older group showed greater difficulty under the
1W condition when the cognitive load was increased by presenting limited language in-
formation. Conclusion: This study was intended to examine the perceptual span of older

adults and the level which shows the aging-effect concretely. It was possible to predict

This paper is an excerpt and revision from the
master’s thesis of the first author, Hyun ji Shin.

that the perceptual span of the younger group was between one or two words to the right
of the fixated word (W+1 and W+2), and that of the elderly was W+1.
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Table 1. Participant’s characteristics

Young group (N=20) 0Old group (N=18)

Gender
Male 10 3
Female 10 15
Age (yr) 24.60 (2.56) 65.67 (4.90)
Education (yr) 14.80(1.20) 13.67(3.31)
K-MMSE score 29.85(.36) 28.44(2.11)

Values are presented as mean (SDs).
K-MMSE = Korean version of Mini-Mental State Examination (Kang, 2006).
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Figure 1. An example of W+1 condition using the window moving paradigm.
*=location of eye gaze.
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Figure 2. A display of experimental stimulus.
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2 AFRof|A F& (@17 ofdl] B, 2 B Bt Al
Al 3178 ARHeF AT AlA15=2] Hlo]E|+= SR ResearchAl2] Eye
Link Data Viewer 4.2.1 [Computer software] (2020)2} Microsoft
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Table 2. Descriptive statistics of reading comprehension accuracy (%) on sen-
tence reading task as a window condition for each group
No window (%) 1W (%) W+1 (%) W42 (%)
Mean SD  Mean SD  Mean SD  Mean SD
Young(N=20) 9900 308 9750 550 100 .00 9900 308

Oid(N=18)  96.11 608 9611 979 9722 461 9667 6.86
Avg. 9763 490 9684 775 9869 343 9789 528
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Figure 3. Reading comprehension accuracy on sentence reading task for each
group and window conditions.
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Table 3. ANOVA results from the reading comprehension accuracy (%) on
sentence reading task as a window condition for each group

Sumof  Degreeof  Mean

Distributed source Square  freedom square F D
Between factor
G 208.779 1208779 3.7% 059
Error 1,980.694 36 55019
Within factor
PS 63.238 2609 24237 960 406
PSxG 13.238 2.609 5.074 201 871
Error 2,370.972 93930 25242

G=Group; PS="Perceptual Span.
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ARFAE 4T 27 w50) 22h F 4T + Lisix] o)

A ek W vk H4S 18l Mauchly®] +84 A4S 2let
I}, JL8)A] 7o) ZZ2E] R ko) Greenhouse-Geisser 30 2 H-
sto] BAERITE T A 27 & 20 theh 25 @] 5
W} EAA 02 G-OlEHATHEp, 208 = 40415, p=.000). IW Z7
(M=2.565, SE=0.155)0|4]9] 25 @7} 71 Wokal, W+l
(M=3.788,SE=.191), W+2 (M=3.826, SE=.211), No window (M=
4.124, SE=.189) <=0 & 2T @47} ol A0 2 YERgTh
o]of| u}2} Bonferroni AR A4S AA3F A3}, 1W<} No window
oA 25 Ed 7 Zol(p=.000), IWS} W+Iof|A] 25 &4
ZEZpol(p=.000), IW} W+20f| A 25 &4 71 2ol (p=.001),
No window®} W10 4] 25 &ik4= 71 2}o)(p=.023)7} FAIK L
2 FoJaFTk HHH, No window2F W+20]14] 2 &= 7+ 2}o]
(p=.080), W+13} W+20]| 4] 25 @<= 7} 2}o](p=1.000)+= EA
202 FOf5kA] okt 5 1WollA o] 21 E84=7} No window,
W+, W20 419 B3t AJAD 37 AlZERT G-0J81A] S ZloflA]
71915 Aok,

ERE A2 o whE A 7oA D 3}%%”3411 A3
Bk A2t E 71 25 guiee] G oloja 4B ARSI LR
A THEp 2080 = 662, p=.525). 7 317 ] A0 1 AL 2o up2
W8l e d He 7 2 Ee AR A] 3= Table 59 ).

ro mﬂ

(

Table 4. Descriptive statistics of words per second (wps) on sentence reading
task as a window condition for each group

No- window W W1 W+2
(wps) (wps) (wps) (wps)

Mean SD  Mean SD Mean SD  Mean SD
Young(N=20) 463 129 333 84 453 116 455 133
Old (N=18) 356 1.01 180 106 305 120 310 126
Avg. 415 129 260 1.21 383 138 386 148

wps=words per second.

60
55
50
45
40
35
301 -®-Young

251 - 0ld
20
151
10
05

O Il Il Il Il
No window W W+1 W+2

Words per second (WPS)

Figure 4. Words per second on sentence reading task for each group and win-
dow conditions.
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Table 5. ANOVA results from the words per second (wps) on sentence reading
task as a window condition for each group

Table 6. Descriptive statistics of mean fixation duration (ms) on sentence
reading task as a window condition for each group

Sumof Degreeof Mean

Distributed source Square  freedom  square F p
Between factor

G 73772 1 73772 18419 .000***
Error 144191 36 4.005

Within factor

PS 54.203 2087 25968 40415  .000***
PSxG 0.888 2.087 425 662 525
Error 48282 75144 643

G=Group; PS="Perceptual Span.
***p<.001.

Sa490] Sl A2 % 270l ) A A 9
7 Al

A A T ARk Aol BAR0 2 Srelek] okl 9
A E = vs. 8= X A ZF =(No window, 1W, W+1, W+2)
O] Y EFHE AR A (two-way mixed ANOVA)S AA|5I3L) 7|&
7é‘J_} Table 6, Figure 59} Zt}. -4 Axf, Aot 7¢
2 FOSHA YERETHEFo, 30 =17.297, p=.000).
= ln‘(j = 94 ugm} Al A AJ7HM=480.671, SE=38.906)°] &
R
A ol 0] B3 Hc} e ghed] B2A02 Aol
Bmas Alzto] B|mA o 7 A0 Uetrh M SR AR
Aol A Zek W &7 AAS 9] Mauchly] 7184 A4L &9l
ol A3k, Sl A] 71 o] 22E]R] 9o} Greenhouse-Geisser 7102
1 gkso] RAJSHITk L ATk 2|2 & qdo] uhE B A4 1
AIE] SR L SAA O 2 [ LS ATHFos, 1525 =19.821, p=.000).
1E = 7|9} 72 No windowol| A 9] Hyt A4 14 AJ7HM =
269.093, SE=14.196)0] 74 LFOI1, W1 (M=326.921, SE=31.748),
W+2 (M =332.935, SE=37.963), IW (M= 547666, SE=49.943) <=
O = gt Al 17 AREo] oAl Ao = YERsiTt. o]of whet
Bonferroni AR HAE- AASE A1}, 1IWE} No windowol| A Het
AlA 314 AJZEZE 2] (p =.000), IWRF W14 Hat AJA 1173
AlZE 7 AFe](p=.000), IWS} W20l 4] Bt AlA 124 A7 7F =}
ol(p=.001)7} EAIH S 2 2515tk HH, No window2} W+10]]
A Hat Al 327 A7 ZE AL (p=.070), No window @} W+20]| 4]
et A 2 AZEZE ko) (p=.206), W+H1F W20 4] sH=t AA
7 AREZEAFO)(p=1.000)= FAIA &= {OJ5HA] AqkTk &, A
7} Z0] 2 = WOl A Q) Hi Al 314 AJ7+o] No window,
W1, W20 419 B3t Al 314 AIRERTE [r0f51A] 3 2ol Al
JQIgE Zo]Tk.

N
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No-window (ms) 1W (ms) W41 (ms) W+2 (ms)

Mean SD  Mean SD Mean SD Mean SD

Young (N=20) 23042 6867 321.83 8966 23883 7852 23948 7527
Old(N=18)  307.77 104.42 77351 437.24 415.01 272.02 426.36 330.63
Avg. 26706 9467 53578 379.74 322.28 21240 328.02 249.16

ms=millisecond.

-®-Young
-5 0ld

Mean fixation duration (ms)
[Sa)
o
o
T

100 Il Il Il Il
No window 1w W41 W+2

Figure 5. Mean fixation duration on sentence reading task for each group and
window conditions.

7} ol w2 S 7 oA AT RG-S A Ak % Uk}
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7] $J3l B4 &3} Gh(alpha correction; .05/6 =.008)2 Z]-8-5]¢7
a=.008= AAs}A} 3kc) 1 A3} No windowo| 42 Atk 7+ 2}
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H, No windowo]| 4] Het 71 2Fo] e} W10 A 2] ek 71 2o =
FOJBHA] ek ekem(p=.029), No windowol| X ¢] et 7+ 2o}
W201412] 26k 7 2o = 21514 22atehp = 067). T 1ol
A o] ek 7 2to]&F Wiiof A 9] et 71 2ol @k(p =.010) 1WA
Of Fek 7t Zpolef W20]| 41 9] ek 7 2po] = F-0J5HA] ohA et
WTHp =.017). PEA[RO. = W+10]| 41 9] Rk 71 2fo| 2 W+20]1 419
Ak 7k apo| = 705k 9iA WrEbth(p=725). whebA] F-ofet
OJAPFTALE-E 7] Al 3 Al =35 Heko] twellA]

HA O 2 AE 35t Sk AlRkms)o] FdS ATkl Hisl
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AP A BET BRI wdF ) A2t E AT« Npix 9
Table 7. ANOVA results from the mean fixation duration (ms) on sentence reading task as a window condition for each group
Distributed source Sum of Square Degree of freedom Mean square F p
Between factor
G 1,885,051.650 1 1,885,051.650 17.297 .000%**
Error 3923,363.727 % 108,982.326
Within factor
PS 1,704,285.484 1.525 1,117,716.706 19.821 .000%**
PSxG 729504.736 1525 478429018 8484 002**
Error 3,095,412.150 54.893 56,390.427
G=Group; PS=Perceptual Span.
**p<.01,***p<.001.
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Hyun Ji Shin, etal. ¢ A Perceptual Reading Span Study in Elderly Adults Using an Eye-Tracking Paradigm
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