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ABSTRACT

The use of videos for review and preview has been widely adopted as a strategy to
complement classroom instruction. The purpose of this study is to analyze elementary
school students' attention and gaze allocation in science review and preview situations using
video-based learning by extracting mind wandering (MW) and gaze attention through eye-
tracking methods. The study participants were 13 sixth-grade elementary school students.
The tasks for review and preview were selected based on the class curriculum and involved
editing EBS educational videos into 10-minute segments. Data collection was conducted
using Tobii’s X2-60 eye-tracking device. The review task was performed after the classroom
lesson, whereas the preview task was performed before the classroom lesson. For data
analysis, MW occurrences were identified and extracted based on fixation durations of over
400 ms that lasted for at least 2 seconds. Fixation duration for AOIs (Areas of Interest) was
also extracted and analyzed. The results showed that MW, indicating disengagement of
attention, occurred at an average rate of 3.09% in the review task and 2.54% in the preview
task, with no significant difference in MW time and frequency between the two conditions.
Additionally, there was no significant difference in MW time between the review-preference
and preview-preference groups during task performance. The frequency of MW occurring
in each TOI (Time of Interest) segment of the review and preview tasks also showed no
significant difference. Regarding gaze attention allocation, students paid more attention to
lecture slides in the review condition, while they focused more on the teacher in the preview
condition. These findings suggest that although there is no significant difference in the
level of attention between review and preview tasks, different cognitive processing patterns
emerge in each condition.
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Introduction

SV EE o5 Srulof M o] FA1A shgoll A ek ohyzt SHIEe] 7HRl B, A4S i
o] HlZ-4] Bhgoll = EE=a glon, 22 ¢ B8 w57]=2] W COVID-19 uﬂtﬂ‘%‘ [Edells
Ql sk &0 2 M} S| o] 2YtHGuo et al., 2014; Seaman et al., 2018; Turnbull et al,, 2021). 53/ &8

=2 fjAto 2 FfdtE]o] 2alloA] HjESIE 2 SMPE-L H| WA AL H] 20 2 A7k} AAo] I

oiglo] HA| sH&ol 7HsBla(Njie-Carr et al., 2017; Sharples, 2000), SHs W8-S B2 0 2 7 E7155HH
(Tertas & Ramsay, 2015), EJF|T]of AH-0 2 Bh45 57] 538 2 4% = Fpgoll = Bap g W ustar et
(Vogt et al., 2010). ©|215t .0 2 /¢ &8 sh5-2 MOOC, Ztozte| o] 53t 22 HAY w8 2211 W&
Hu 204 20 7o) AE2 $-88 Wik ofje}, g4, c3H4EIet 7o) WAl 492 Beksly] 9ot &
T2 de| 28531 QlthBarranquero-Herbosa et al., 2022; Gorissen et al., 2012).
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of|A| o] sshHAM = Fa gt shs ko ATk 1 g3t riHoH A= gFstA] 3. ofof] 2 tollA] &
1} of| 5] Sto] tigk BFetd FAE A|AIoH] fiol 594 8 ehael aide sk 5%t &i%
9] shtel Fe|RFo] ol A A E= 212 ofn|7} °1EP

o[t AlofM= 5B A1 T e FAHET2 ATH o= ﬁ*ﬂéﬁl el rRl =L E P (Mind
Wandering, ©]5F MW) THdsto] 2A6ka1} gt MWE’Jr AAA WS onjsh S0l dA 2tA|e}
A e B2 ohe T2 = o th(Feng et al, 2013). SIS T4 AIellA 5 U8l 2154

T2l 712ofof ghet. 2Lt thefdt 7 5l Ui 2910 o8] FF MWE FHsH 0 kol F

9 %5}A] 2510 (Smallwood & Schooler, 2006; Smallwood, 2013) W& o]0l 2|9l gk n) 2] 7| Elt}
(Szpunar et al., 2013; Unsworth et al,, 2012). T34 A% F SRS AN e MwS BHEEH= 212
=9 FF= AFe & UL o|E HIF O & T EE E5 e st S &
O = Azt

Mwe] Ihdoll= F71A] o] °'E} A 88 F Aoz} 2Pl o] MWE & oHA| = é%‘ A
of|A| Balsk= A7k a22F HhA o] QL ahA]| 4= % 714 Te= TFEA Q) AZE7EA oY B4 27o|A
Tz oA FA Q] MW o L5 B 115}1A| SH= B WA o] Q) th(Smallwood & Schooler, 2015) o|2|gh{H
2 MWE EFgoHA dhdshk= 7102 o A2] 11 QIth(Varao-Sousa & Kingstone, 2019; Zhang et al., 2020). L
2} o2t MWEZPLAZ ARERE AAqls 259 Bt welRlz|53o] & Al thie Al = 11594
= oz F2 o] FofF I, MW Y W= 4] 7H55h MW AT S7517] otk To l
T}, ok oo Bt Zo|7h g4 0 2 g2 594 8 sgolli= MwiH 89| ZE7H g E2
| &2 0| 7Fs/d0] =t o]of) o] Atol|Al= 7]&e] MWEZAl o] TS Hekslr] aliA] Al
S S T Aot Ap gtk 2| of 2] A8 Aol A MW_*HP— Qo A2 E8stal glom,

ZHkQ] £ Fixation duration] Z ©], Fixation dispersion 5= 2-8-510] EFSHA MWS- THE 8l SHThHutt et
1., 2016; Hutt et al., 2017; Jang et al., 2020; Lee et al., 2023; Lim et al., 2021; Zhang et al., 2020).
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Participants

o] Ao Ao AbE AFAL 5 1910] FAWARS B Yl fEuEte] S7A]
gt shge] e Eoltt. SHIES T o & &5to] ZARS AAlsto] &30l & &l
QE4Zlolojr kL W& Wl A o]A}o] Q=
o 2 Ao B 5= % H 57 o5 8t
= Z10] B shH, apA|of| et el o R7t 59/ 28 o5 =
S b e el o B *a'/\l?_ st} 2ty 7E A, Hgol/de] (1007
o, AlEe] xet 7)e 3 Bl = Tl o] MaiekaS o] ek Al Eelskith
1575 o] A4l Fe2] o] ehigh AR ot oA S 2R A

o2
b
2
he

In
o
El
N

ol

il

I

ol
50
i
)
iy
it
K
>
Fu

o> r
2 4
o 2
U >
2k
O
ol (o]
FfF
rd UZ‘!_',
oll o
ot
S
e
no
ro ok
ol
0 19
1 oZ
s Mo
r H
N,
ol
ol

ol

N
=2
of.
ol

o
a

N
pay
iC)

o
Ne)
i
koo

It n_]lo

O
)

NI
re
44 oo ¥

4%

2
o
=2
N
—
o
el
3;

ok
ro
o)
ox

2 i

Lo L
a1
o "
i
r&
.
£

e
f
>
rir
oo
W

.
N
)
o
el
~J
QL
x
el
O
ol
ro,
1%
o
[\
o,
o
M
1%
=2
>
)
fo
_O‘L
(ST
Ofjr
(08)
/olj,
ot
uOO
i)
N
1o
>
2
i
M
1z
ol
ol
S
re
rir
~

Tasks
THAPHEE flsl S5 ol Al 82 AT 2 E AT 24 A2 sk ag el et 6
5 1317] 6% o] 5o g AhA] F Bt ol 1) F 3 BAl0) 4o] T 3] 4el] kS m)x|
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Data Collection
A5l 27322024 68 ZFE 7€ W7HA| o] o Rt 553t ol wHA| 4982 @) g at AFo] &
4351 st f i w A Z7tol| A Agrtof ) g AR o] otk Al AR = Ao A A & 4
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Fig. 1. Eye-tracking task paradigm

Data Analysis
2ts BAg 9ol WA B53t ol 594 ZF PR TOI (Time of Interest) S A 3HACH 253t o]
B2 242 Ul g Aol whet 717, A1, AdR2, T3, AR R FEsto] Tol= A7 st &

&
3h Ao zke] Mw= 241517 flsliA Mwe] i 7]E2 A5t MWl A= Fixation duration
o] Z7}5}aL Fixation dispersion®] Z+4sh= 7 o] Lehgol] weh(Zhang et al., 2020), 2] A3 A (Jang et al,
2020; Lee et al., 2023; Lim et al., 2021)0l14] Z-831 MW THH 7|21 400ms ©]/32] Fixation duration®| 22 ©|
$ A2 e MW Ee 2 TSI

A 28 F AFLEARE2] AJAAFEE Tobii Pro Lab 21345 o] &35}o] £A13}%1th Minimum
fixation duration= MWIHE 7} 2.4 5 i A8 A 1(Jang et al., 2020; Lee et al., 2023; Lim et al,, 2021)2} 0FH7}
A2 60msZ A5 31 Tobii Pro Lab2] Data export 7|52 ©]-23l 2HA| 38 S0 A Fofzje] nE 4~
TS EFJ ABY 9} SHA| Eye movement type, Gaze event duration?} -2 MWEZ2 2|$H AJ4l 0|5 H|o] &
£ FEoI3tE FE AR dAu e a0 2 Mw IHE 7]Eo] et Mw 28RS Ay skt 2E

IN

A} 7219 A7 olntel S BE B Bhale ol 2] 4ola] UEREE MWS vl
Aqam SY5to] A7 IAIS] Bt ool A LR MW £A17H =S F250] Wilcoxon H-24
A2 ol 510l EAZ O Hlwsieich. ek MWe] X HAYE AL 2 3l0] B4 ThAof ol 3t
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Al 3ol Mol 212 283 AlZEe Wilcoxon 291472 0]-83to] SA14 2= Hlasiitt. 124l
A 71&t A3tk 2ol ftoiabEol et 55t ols F R0l B Sol3H I ot 7k £ st
=5 5101, ofof] met Bl A FefFol 2 E Dgat dllgollM FojFel & H Ao FE%
7 1EEE S5t olleaHAl S 3w dehd MW S AlRES SA1H 0.2 8|1 £45}7] 913l Mann-
Whitney U 4785 AAISII. 3714 0 2 B5abAer oA 30 5 ofH Tor2tellA Mwe] Eol
HERtEAIE 245l

T A A2AR Atteizte] £ B8 S At ol A ol atet el setol Eof
tHet A F=2] 9] 22 o otA] 2A5AT. o] 213l 2 TOl RPE R ZJAtet ZhelSeto]| = ffx|of w}
2A 72l SEtol = AOL A AOIE 27851 Hh(Fig. 2). 7 TOI 748 = Z} AOIe Rt Fixation durations 5+
E5IAL, S5tk ollFakA| ol o] Al F=2] viiEe] 2tol 5 2437 ] 218HA] Wilcoxon F-2<¢14

#9| =210 = AQI

Fig. 2. Example of AOI settings

Results

Mind Wandering in Elementary Students’ Review and Preview Tasks Using Instructional
Videos

Analysis of Total Duration and Frequency of Mind Wandering During Review and Preview Tasks

A2 H =2 BEEa|of ol 53pA] 4330l A Urehd Mwe] & AJRF} Rl = Table 13 2T MW=
Aol xjol mebi 1 & A7k WIEolq 20| & LiErTE P3S ) ol A Mwo] LERLR] oot
a1, P13t P59} 7 polls 7 A F 2t Aol A RE Mwol LFEFET P8, P9= E5 Al 9F ofl 5k All ol A
MWO] A7} B =7} =4 el p2, P6, P7, P112] 49+ E-5TRA oA MWA| L HI =7} =9k wF
TH2 P4, P10, P12, P139] 7= oAl5Alo A Mwe] A7k R 7} =A] e T},

SYEC] MW 5 AI7Fe] 3t 237} A& THEoh=A] &Ist7] 2lsh Shapiro-Wilk A3 78S AAI
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St 2L 23, ol & hAle) MW % AIRFE B FEEES HeEo Up-528) B4 THAle] MW % AIZES A5
=2 uh2 7 49Lo B 2 (p<05) MY MW & A7ke] HE-S lEA S 1A e Ao s B 49

5 3px1ok ol mblo] wfebH MWe) A7} HLE0] 01 Aol 7t Q1A% EAfl] slshil B
e A galgith AT olA MW % ARk MW Rl 22 o] A 7 e tEslA) gkon e o

Table 1. MW total time and MW frequency observed in review and preview task

Review task Preview task

Participants MW total time MW total time

Time(ms) % MW frequency  —— ) % MW frequency
P1 0 0.00 0 17718 272 7
P2 7917 135 3 4532 0.70 2
P3 0 0.00 0 0 0.00 0
P4 2217 0.38 1 22583 347 7
P5 9068 1.54 4 0 0.00 0
P6 14415 245 5 5583 0.86 2
P7 14700 2.50 6 10566 1.62 4
P8 30583 521 10 33896 520 10
P9 32956 5.61 13 29646 455 11
P10 7900 1.35 3 13117 2.01
P11 85048 14.48 9 10149 1.56
P12 24033 4.09 10 41024 6.30 17
P13 6800 1.16 3 26085 4.00 8
Average 18,125.92 3.09 592 16530.69 2.54 592

FE B 22720 Wilcoxon F3-H A4S Fall A5H A tHTable 2). 24123 553t ol & 2HA| 33
Oﬂ w2 MW AlZHH e = f-o]fgh Zto] 7} gl A 0 2 LeRdT o]2] et Axt2 FE] Mw Ego] Thgt
i 7HR1A Aol = Ul ot BT ool b Fo|Fol Ao e A Y= AS Y 4

=

30 2 o

Table 2. Results of the Wilcoxon signed-rank test on MW total time and frequency based on performance
in review and preview task

Category Preview - Review N Mean rank Sum of ranks Z p(2-tailed)
MW total time Negative Ranks 6 5.50 33.00 -471 638
Positive Ranks 6 7.50 45.00
Ties 1
MW frequency Negative Ranks 6 483 29.00 -357 721
Positive Ranks 5 7.40 37.00
Ties 2

Analysis of the Onset Timing of the First Mind Wandering During Review and Preview Tasks

A7 2 B5apA| el ol gkl 438l whebA A Mwe] Al S Bl a2 Alst | 9l 5978 A%
A A Mwo| LERd AJ7HE: 32Z510] Table 32t o] YERITE 53 |5 2pAl|of| A D7 A Zrojzkp7
o] 545, P109] ofl5 5)ellM= 59/ 2uHRo Mwo] Uehd 7327} I1AL thg A7 ik P11 o,
PI39] B4 SollA 54 FHHE0] Mwo] LR 497} Lo, Aol M B 9 o4 T
ofl wheh A Mw 2 Al o] ThRt 7ol A rERAL QAT
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Table 3. Time of first MW appearance during performance in review and preview task

Participant Time of first MW in review task(ms) Time of first MW in preview task(ms)
P1 - 141858
P2 17632 31027
P3 - -

P4 11872 249137
P5 8776 -

P6 201671 258717
P7 7936 238587
P8 9068 26783
P9 13420 103879
P10 105498 7883
P11 125226 312300
P12 98539 75116
P13 264956 26830

AoixpE 2 B5uA| et of|GapAllofl whebA A Mwo] UeRd AlZto] B4 2 o 2 Fofgt &fo]7F Q=
A5 o E H| 2479 Wilcoxon #2084 5ol 2461l o ™ 2A4, B53) ol 1A 4

ol A A Mwol LreRd AIZE2 FA1% 0 2 Fojn|eh 2fo] 7} = 21 0 2 U Th(Table 4).

Table 4. Results of Wilcoxon signed-rank test on time of first MW in review and preview task

Category Preview - Review N Mean rank Sum of ranks Z p(2-tailed)
Time of fist MW Negative Ranks 4 575 23.00 -.889 374
Positive Ranks 7 6.14 43.00
Ties 0

Analysis of Mind Wandering in Two Groups: High Attention in Review vs. High Attention in Preview Tasks
Aol AL S0 Bt ol 5 el Fo] o Lolgid T2 et W ATlo] njat o)A Foly
201 ZF 5] 123} of| Zol|A] Zo]A] Zo] 2 050 2 FESE AR Table 59+ 2t} 37 9] Agoizr}

2504 o Fo] Golsttn SHL, UriA] A7 elaHE-S ool 7o Fol Solsirtn S5
st

Table 5. Task that was easier for maintaining attention: review or preview

Category Participant

Responded that review was easier P2,P7,P9

Responded that preview was easier P1, P3, P4, P35, P6, P8, P10, P11, P12, P13

=5 Aol A Z—J Agol 2 d A5 ol HAlelA gl 2 H I5o = AF Fors2 72
=, 7k DFEE 55 A9} olls A 88 Al Uehd § MWAIZES B s3It ofufl, 7 J1F 7] H|o]
CE: “o‘]-X] ofoko b 2 =2l g & H| 4= 7374 HhH Q) Mann-Whitney U A& AF&5}0] A4
O 11 A= Table 63 2}, F53} ol IpA 230l A 2442 Lehd MWAZOIM B
& A2 15 tol| FejulRt 2kl 7} il
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Table 6. Results of Mann-Whitney U test on MW time during review and preview task based on
preference for review or preview

Category Group N Mean rank Sum of ranks Z p(2-tailed)
Review task Review preference 3 9.00 27.00 -1.016 310
Preview preference 10 6.40 64.00
Total 13
Preview task Review preference 3 6.67 20.00 -.169 .866
Preview preference 10 7.10 71.00
Total 13

Analysis of Mind Wandering Frequency by TOI Segments During Review and Preview Tasks

SeAlet ollEaA 48 F o FFellA Mwol LERt=A] 24 s f1sliA 2 Tol 778 2 MwO
e R %S 8| BAFIC WA, B52H] 4280]] digh Tol 7178 MW Rl =& FE6t0] LERTh Table
7, Fig. 3). 782 1ol A 31219 Mw7H2Aste] 7 w2 HIES HRl thZ0 2 F= F7ojA] 182],
A1 F1HollA 169] 71 AYsEQIT:. AAR3 17H2 38)7F LRt o Al o = S17kd o) 71 27| wiEe]
RIz=7E A2 2oz Az, A1 72 3pA] 433 9] bRl fIx|sto] o5 FAIF7] w2l i
Aoz Hlrer} 22 710 2 YZHHTh o]2igt Ak o] 54 oA, o) SHR 2 2 #5514
=9 Fo7H fA 24 4 S-S HERdIth

Table 7. MW frequency in each TOI during review task performance

.. ) MW Frequency by TOI

Participant MW Time — -
Total Motivation Lecture 1 Lecture 2 Lecture 3 Quiz

P1 0 0

P2 7917 3 1 1 1

P3 0 0

P4 2217 1 1

P5 9068 4 1 1 2

P6 14415 5 1 2 1 1

P7 14700 6 1 3 2

P8 30583 10 1 1 5 3

P9 32956 13 1 5 6 1

P10 7900 3 1 1 1

P11 85048 19 3 6 1 9

P12 24033 10 3 6 1

P13 6300 3 2 1

Total 235637 77 9 16 31 3 18

TS ofl kA 42380]] thsh Tol 7P MW Bl =5 e TH(Table 8, Fig. 4). A2 71710l A] 313]2] MW
7HAYsto] 71 =2 RIE S BN, oh30 = F =2 F17ko)| A 238], A1 F17toll A 102], A3 17toll A 8
3], 5719 7tol A 587 AYsERITE B 718 bk AR 3 2 AT o 2 7o) 7 A7)
ol 17} &2 A0 2 A A 2A70ol| 22 RIEE Bl 7102 Hof ELabx| et o7z 2 42¢

o U2 2 248 S Fohol A B S A2 24 ek
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Table 8. MW frequency in each TOI during preview task performance

.. . MW Frequency by TOI

Participant MW Time — -
Total Motivation Lecture 1 Lecture 2 Lecture 3 Quiz

P1 17718 7 1 6

P2 4532 2 1 1

P3 0 0

P4 22583 6 4 2

P5 0 0

P6 5583 2 1 1

P7 10566 4 3 1

P8 33896 10 2 3 5

P9 29646 11 3 4 2 2

P10 13117 5 1 1 2

P11 10149 4 1 1 2

P12 41024 17 4 10 1 2

P13 26085 9 1 4 1 3

Total 214,899 77 5 10 31 8 23
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Fig. 3. MW frequency and magnitude by TOI during review task performance
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=5k} ol Aol afeb 7HTol 720 Mw HLEo] EA440 2 fofdk Aol QA S Bl
Sl Wileoxon F5EAHE |- §13ATkTable 9). 53} ol 2] SollA] 2t TO1 7LHEE Mwe)
WEL B2 0 fojulsAto]7} gl o2 Uehgeh

Table 9. Results of Wilcoxon signed-rank test on MW frequency by each TOI during review and preview

task
Category Preview - Review N Mean rank Sum of ranks Z p(2-tailed)
Motivation Negative Ranks 0 .00 .00 -1.000 317
Positive Ranks 1 1.00 1.00
Ties 1
Lecture 1 Negative Ranks 1 1.00 1.00 -1.000 317
Positive Ranks 0 .00 .00
Ties 2
Lecture 2 Negative Ranks 4 325 13.00 -530 596
Positive Ranks 2 4.00 8.00
Ties 1
Lecture 3 Negative Ranks 0 .00 .00 -.000 1.000
Positive Ranks 0 .00 .00
Ties 3
Quiz Negative Ranks 2 4.00 8.00 =531 595
Positive Ranks 4 325 13.00
Ties 0

Distribution of Visual Attention Between Instructor and Lecture Slides During Video-
Based Review and Preview Tasks in Elementary Students

ARoIRte] TS 28 55T s A w0l AR ZFefEeto] Eofl tigh Al4d $29]9] HijiZo]
ofw|3kA] FA517] ffol HEAt olGaAoA] ARoiAPE 2 Tol 7P “el&eto] & AOIRE A
AOI°]| T3} Total fixation duration & FZJCHEZ 1, 2). T=5F B534A9} o2k = 2 TOl 7+7+2] Zo]
7} c2ct. webA] B4k e} ollabAlol wheka] 2 Tol 7P AOI Total fixation duration©l] 5414 02 &
olgt 2ol 7} l=A1E A5 | YlsliAle= 2 Tol #1tol] tigk AOI2] Total fixation duration®] H]-&-& ©]-85
of BAs g 97} Qlt} oo AOIQ] Total fixation duration?] B]E-2 Wilcoxon F297474E Alsysto] LE}
HCH(Table 10). A2, L7 TOI F7Hol| A 7215 Zpo]7F Uesit), 57|73 17+9] ZFoj&ete] = A0l
+ S5 oflETHA] 7hol] p<05 SFollA f-2ju]gh xfo] & Hof ol GabA] Hot B5aAol A el &et
o] Eof tfgt )7} o] & 21 0= LEHE T A1 17ke] el &t E A0I HA| B5THAe) ellGHA] o]
p<05 EollA] Fofn]eh 2to| 5 Hof of| GakA| Bt 55| of| A ZFe|&eto] Eof tigh o7k B 2 712
& e W A9 1 7S] A AORE F-52HAe) o5 A] 7hol] p<01 SollA] f-2jm]gh xfo] & K
of ol GTHAol| A )7} o 2 A 02 UEttt gt A3 H17He] &eto| E AOLE T A {hol| p<05 &
oA Fofn|gt 2ol & Hof of|5apA] Bt S5upAloflA delseto|mof tigh =o)7t o 2 Zl oz vEhd
HHA, A3 FL7He] AR AOKE F THA] 7| p<.01 2ol A] o] mfgh 2] & K of of|GafA|of| A 5227} T
Z 02 LT
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Table 10. Results of Wilcoxon signed-rank test on the proportion of AQI total fixation duration by each
TOI during review and preview task

TOI AOI Preview - Review N Meanrank  Sum of ranks Z p(2-tailed)
Motivation Lectureslide ~ Negative Ranks 11 7.27 80.00 2411 016*
Positive Ranks 2 5.50 11.00
Ties
Teacher Negative Ranks 3 6.00 18.00 -1.922 055
Positive Ranks 10 7.30 73.00
Ties 0
Lecture 1 Lectureslide ~ Negative Ranks 9 8.56 77.00 -2.201 028*
Positive Ranks 4 3.50 14.00
Ties 0
Teacher Negative Ranks 2 2.50 5.00 -2.830 005%*
Positive Ranks 11 7.82 86.00
Ties 0
Lecture 2 Lectureslide ~ Negative Ranks 7 743 52.00 -454 650
Positive Ranks 6 6.50 39.00
Ties 0
Teacher Negative Ranks 6 8.83 53.00 -524 .600
Positive Ranks 7 543 38.00
Ties 0
Lecture 3 Lectureslide ~ Negative Ranks 10 7.70 77.00 -2.202 028*
Positive Ranks 3 4.67 14.00
Ties 0
Teacher Negative Ranks 1 4.00 4.00 -2.900 004+
Positive Ranks 12 7.25 87.00
Ties 0
Quiz Lectureslide ~ Negative Ranks 9 6.22 56.00 =734 463
Positive Ranks 4 8.75 35.00
Ties 0
Teacher Negative Ranks 5 720 36.00 -.664 507
Positive Ranks 8 6.88 55.00
Ties 0
p<.05, "p<.01
= halof] thah ele] AR S AR B&THAE Satol =0 gt Zol7t o A7 ol atAlel
A ZAel T 2017} B 2 30 & 4 Ik, Sefo| b ST 8-S A2 O QoK 2O R BHAY
=2 S5 ol a3l W8-S AiERlskal 242 ARlstet] $4 2 Fe Aoz Helnh jh,

5Tl S0l 25 ok W8S Zstal 9o B & 3| 8ol M SEto| =t o)E5}y| Hoke

¢

ZAk] A S o ZQ5PA sk 202 bk oleld SIS Aol ol 2 RE] B
%} ool T QAX|XI2)E st ofol atet M43} Aol Pebdol 3L ¥ 4 9]
WARe] MY WP FHOE 5T Bgol Al 24Ale] 84 g o] Heje Sefolc
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Discussion
S-S E83H shEollA X522 FoE FA|5h= A2 o] t(Ilgaz et al., 2014; Risko et al., 2012;
Schacter & Szpunar, 2015; Szpunar et al.,, 2013). £3|, COVID-19 Tt 2] 7|7k 5Qto] Zoj Al 2H8 skl T
H @131 Aol s 0] B2 57| FAMUFORE QIS 2 AH et =2 o2 o] UEE
o, 59/ &8 352 wAsd B s Eo| T2l & fAIokeT] 2 off ol Sles EaFict
(Hodges et al., 2020; Maimaiti et al., 2023).

2 7o) Adnt B9 S E83 E53) oS 4380l A UERE Bt MWAIZRO] A A 4=58
ATHY] 3.09%2} 2.54% 2 YEFRTE. 5948 &8 g5 5 MW= 2ARR o] A-tol|ifs A kA 438 Al
7+2] 2F 30~50%(Risko et al., 2012), 2F 30~40%(Farley et al., 2013), 2F 40%(Szpunar et al., 2013), 2F 45%(Kane et al.,
2017y Halsilo B g & Ao MWAIZR A TA 0 2 2| et Z1 0 2 Helt:, of={3t Aif= A3
Aol M= tishy Hgaksmol tigh 504 o)/l & el & I = ARESH HEH, 2 oA E 5t ol
= 5402 107 £ BX ZolE A2 ARERY| i E o2 AYZHETh &, Apgtoiake] dA=dxto], ot
xﬂ o] Z2 gl o] & ikA]| =8 AJ7H] 2jo] whFofl A3 Lol A LERE MWH]&} TF2 Zab7} Lebd A

O % Holm, A3 s FtH 0 & H|wrhseh 2538 o2 594 28 35 5 MW= &4
s 04?— on g FO|YF Hr g JthA 0 = w5l |= ojHRlth

E5T} olg2 A S Bebslr] 9lol £5] AR &= Mol AT, H53 of|5o] aabdE vl sk

HL &1 oll&o] 9] é}%% H] 13 A= glgl o, 2 koA MW B4 o &2 FAIste]| H53t o
59 FRF= v 4= AU MW AT} RIE 2R E 22730 M Feils Aee 55
1} of| 57t Felgk 2ol 7} IglTt. o] 2|3t Axbe H5u} of|gol2he ko] Alo| Hth= 7)1t B 2
FE R WlZ2 o2 T 553 olg Mt 22 WA S Hebohes ol FolFe] /A
Z 93l 7Rl 9] 217|253 o] Z 2 5}H(Zimmerman & Schunk, 2011) ©]213F 7H12}9] H&FA 4 &’AEP.
L3k 594 &8 A T FYHSS g5 Aol tish Jr_]'}el(Hldl&Rennlnger, 2006), SH&oll theh 271 &
ZH(Colquitt et al., 2000), S5 T}A|2] 742]of] T Q14 (Richland & Simms, 2015)2} 22 Sh5A} 7HQl ‘:HOJOI %
25, o]2f3t 7)RIxle] FFo = IAE Mwe] xto|7} gl 21 o = A7t

of2]3t Hoj|A] & A7) A S F 7HA] A AT 4= Qlt}. A, 42 Aoz} rolnh 2 Aol =
5 olx9] W"“’*ﬂr of|& 0] 2] wA4RdollA] wApARIC) whE AP BIHE E0]7] 9ol g 7l St
GO & sl o B E Agto|zte] 427} AQict. o]of] At EZ 0 & <lsf tlolE7 B
2702 Uehgom 5t 7Rl ¥iQlo] 3A] Y& nlXl Aoz At
MYE0] Fol1Foll FaH| 28T 4= Q=S BAI5H| ofFHith= ot o= ol
gk }HW 2 S5-57] 2(Zimmerman & Schunk, 2011) SA41517] 7} o] 11, B-4534 o2
ol H Bfd =5 =0]7] 9ol ZHA| =380l gt /d# = H7HE 5hA] BBz o4F
o] K Aol o]t o] F-= E5a} oflzollA YERE MW 2ol 7} QIE Ao = Azt
2 Ao oA = & 4= Qlrh,

1

d

off
o,
oz
m[n
)
).

_l

NG
N
o

i
rE°
S

N o

V_‘El_,ﬂ.llﬂl—_ﬁ,rg'ln

fr o ok ok
N9 rr ge
N

o 1o ox m{

ol

rﬁ

e e
e r
4
é

>~

% % 5T 2ol Sy S ) AlMF0] e o] TAlof ket
s S| 7Rl ol Sl B8 18 4 ik A7

r

i
g
o
r
S
o)
I
olf
"

Brain, Digital, & Learning. 2025 Vol. 15 No. 1 121



Leeetal.

of| M= E53HA| ol M= AR e Seto| 2o F2)7t o 2 A 02 YRl of|$3HA| oM =
el&uto| ERTh afol|A] F£oJ7F B Ao = YERgt] o|eh 22 Arhs thgat 2ol AR 4
Kokog et al. (2020)2] AFollA= Y &2 MERE AEE 55 wl= Atel| oS s A2 S5k
7aFo] et om, JAre] Al AH, 77 53k 22 H| A o] 4 ©A7L 52 - e shet| E=2o] HHal ok
t}. o] IHol| A sHYEo0] Ateh w2 B 97 S0l o 22 A E e s F gl B
ATHGunawardena, 1995). ebA] E53} TFEA|, M2 JRE S50 == ollgollA Aol o B2 Al
o] vljo] YRt A 0 2 AZFE T BEgh Ale] AJZbA] Seol= Hiia o 2 £oj3Fo] gl wio]
= ZAFAAZ A o] E= B2 0| 5514 =M (Gullberg & Holmqvist, 2006), 2 24 2] 730l = A A9l 7+
o] &efo|E Hr} o] ZE5 11 oA R] FALRE 27} o] 55HA| 2 4= ok ol Z2 MER B EO] &
Sollie o S2¢ Aol F7H == ok Fo7t fAHH, B3} Zo] ofn] d53t JHO HE

of| A= AAJE A Hol] T 7} vl RE] = A F2)7F | AL & 4= A THMayer, 2005). 3HH, 2 Aol
A= 240 Y& HolA 7] whizoll 594 & AL Al AU B 52 Bl wekA|= ottt 598 & 74
AF 852 THA| Q] A TP oll A fAReE AE Aot & AEE Lo U DAL 352 2to| = AlAdFe]o] 2}
o7} Uehd 7 & Jltt.

o[ A o] A= g2 QS FP4d0] Eolut ollgat 22 1 4o l ufe} 71 /go] geb{ok 3t
= YA}, Bgoll A= daat T s HEIF G RE 7o) Setol=of Y52 9] & o EA HH 7W
o] &A= gt 5 FojullollA Zel&rto|Eete] Aol H 4 &’A‘E}(Kmlcec etal, 2014). WEpA] ZJAF -

& S| 7o) &eto| =& xE H Ut Uk §H, olgolli = MER Y EE FE= 3ol 1}04*
A Aol £l & 7120l A| Hot. wheba] AR Al S E 2| ogh Z-8-stojof ot o] Sefol| e
T2 ARE G g1l F 23 Q0] &= Ao Y AN, AlZteHE At 5E A 0 & ZhekebA Alad
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Conclusion
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