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Correlation Analysis on the Preschoolers’ Processing Capacity,
Processing Speed, Story Comprehension Performance,
and the Eye Movement Patterns

Wonjeong Park!, Dongsun Yim?'

1 Dept. of Communication Disorders, Ewha Womans University, Doctor Course Completion
Dept. of Communication Disorders, Ewha Womans University, Professor

Purpose : The purpose of this study was to investigate the relationship between preschoolers’
eye movement patterns, underlying cognitive mechanisms (processing capacity and processing
speed), and story comprehension performance in picture book reading.

Methods: Twenty-two preschool children participated in the processing capacity task
(matrix) and processing speed task (RAN). In order to analyze eye movement patterns,
picture books were presented through a monitor attached to an eye-tracker. All children
were given 12 story comprehension questions (six literal questions and six inferential
questions) after reading the picture book.

Results: The results showed that there was a significant positive correlation with the matrix
and inferential comprehension scores. In addition, RAN showed a significant positive
correlation with both literal and inferential comprehension scores. The correlation analysis
between the story comprehension score and the eye-tracking variables resulted in a
significant negative correlation between the inferential question score and the average
fixation duration. Lastly, there was no significant correlation between matrix with any
eye-tracking variables. However, RAN showed a significant negative correlation with fixation
duration.

Conclusions: In educational and clinical settings, only the language ability and current
language developmental level of the child tends to be taken into account when conducting
shared book reading activities. However, children’s underlying cognitive mechanisms such as
processing capacity must also be considered in picture book reading activities as they may
be strongly connected with children’s performance on language learning.

Keywords: Eye-tracking, picture book reading, processing capacity, processing speed,
preschooler
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oA "ok 53] Fojd HHE H8slke Y A &F
(processing capacity) & o1& A7t B9 8% Xéi~
+ 58U AT &&(processing speed) = T A=
5 oFsolAl AAEE ZE dojd HHO Az ¥ sy 1HY
Aol 2 UAA QE}(Bayhss et al., 2005; Leonald et
al., 2007 Miller et al., 2006; Montgomery & Evans, 2013).
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sto] TRt IAE &8st itk 9], A %F%H Z30l=
ofo] 7H 7129 qlof 4ol mAj= RANE 4] fsto]
HAdold A2] 83F &4 A} WIvisH L8, Edel
A= UHE‘“:V\(matrlx)ﬂ et o= st HIEG A AAH
= A% &A% g 79ske IARA, dolko] met ol
AIB7HE &7 -r°}7} EOIA = olgt BN ofF
o A7 &F2 S 5 A Q11]{Conti-Ramsden & Durkin,
2012: Yim & Yang, 2018). A2| £=5 4P| £t di#A]
9 FAZE HE 352 ol5t7|(Rapid Automanzed Naming:
RAN)7} AREETE. RANZ: SiRtolAl AAE 27}, &A1, W, A
ZE 59 &9t A4 A=g AAShL, ddAelA g A=<
olF= 7Fstt g e AESIUES Shk= FAloltHDenckla &
Cutting, 1999; Hakvroot et al., 2016). RAN olgo| 7kl
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A= M HERE EEolo] AlAE =9 AHYE duht #HEZA
s o= SleAl S 4 Slvke Aol AN XY £
2450l 2H3 FAZ AR YrkKail et al., 1999).
A 7] ofd oks9 Qlof H Qx| e w0 F4A
)l 502 oA ot :’-%133 Q7] 504 E3t ofFo]
R Ae gt A2l SER E Y ANl FRF 8]
g & oot Esfgo] ¢s] W] o)A A7]9 o]—E.Q_ k]
£ At 3 A 9l7|(shared book reading) &S oFHA
1
lo

O_‘

4 & oloprlof I3t HEE ATLA =HH, ﬂ'ﬁ}@r AR
oloplE SRehe IAolA ofF, FE S 22 oy 8
a0 ooyl Fx 5o ol EolA "HthArd &
Beverly, 2004; Van Kleeck et al., 2003; Zenvenbergen &
Whitehurst 2003). %2 APAFE Bt oFsy o8 4
H A7 o] A7 &F 9 £k AuE0] Y= A= ¥
&2 2koH(Leonald et al, 2007), AlZ& AHE A4 E
3t ob59 AE FEo] Fa3dt 9d¥gS s HE sty
£ m(Gillam & Hoffman, 2003), °oFs29] 2] e} ﬂﬂ

/V\

v >

= A0 A A ¢r] Ao R A =
Fofol & 4 ok 8y ol #R Sy dte FE
o|F0j|X] o} o9 1HF ooy olsfEn} Az {F
A2 £k 7F Aol et AAA EAo] 8= Sich

E35], & 7] ofs9 ol & QA o] Axte] 1HH
7] 59 F84o] Ax oAM= ofF
9] I4 olop] olsiEs &4t all oz HHe EEsin
QltKSkarakis-Doyle & Dempsey, 2008). 74 HIHIA| AREE
 B7 B2 ofsolA 18F 7] 52 AAIE o]% oo
ol #A AZZ AATCEHN Ho| Y&d} AT I g4y
olopr]9] 4 84 5& & Teleil=A] Elsks otk o]
23k ZAA] o} FolA Fod 5= Sl= olop] ofsf AE2 IA
A AE ol A& 22 HH olg] EoZ o] B
4= 9t} AR AH o] ZFEo] ojolr|of AAE ULE E3J
Zod AR disf ojsfista QA Hee EFoldW, FEE
45 o]sf AFZ oz Apilo] 7|&9 7}11*7 U= A4 7]5kst
of AFHor tejuA e olop|9 UES FEo: AElE
TAHTHCain & Oakhill, 1999). ol “37} WAl
7] &5 o]F o}59 ojopr] FHo| et A7 s U=
oA HAAZEC R ojopy] A7 58E FAok= WAl(offline
processing) & & 4= Qlt}.

oz, oFs°] IS Y 5% Uelle A P
oksto] AXZE A I (online processing)S FH7Iolk= HHA
oF 2k W& AREET QtHEvans & Saint-Aubin, 2013).
o o]d Z2 &of dg 271 e A7) ofsolA FolR=
7] &5, T2 4Rlo] AFsks Aol A= A3} & A14E
AEE Tl E5o® A9 T 9= 5< oFsel
Hol= A, & 9] |22 4Rl IR Qdofd A= 9fs)

ip‘

HE

EHU!—HL

FEFE B HA olg B3 s F4(multi-modal) A=l gt
o5 A AL Hrlo Fgst Aoz ofAZAHDuchowski,
2007).
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FAY BAl & A= AHskes IAE B A 24
yes Edole A7 HlE HFE 9t wfEod(visual
world paradigm) 22 #AStHAltmann & Kamide 2009). °]
= 0171-94 o}_‘rL %X]o]o] U:Eﬂo} E;g]}ﬂo 7]-;(] ] %—I—;
olgls A= J—E%O}Oq AAZEO = QI7E] AP "’]’ A g R
Aol As HHo= sl AT s olEth & 25k o
T 2Rl A85ks YolA R St 2R U= AAA
07 FANol7] 913t EFE AKHFA7](eye-tracker)7t %%%E}
olZigt 7+ HHol wf, ofze 1HH 97 o] A =
A7) 4 g AEsto] o)z bt A% weS HUsH
45k, AAZE A= ZAof disf ofsfistidt sk Al=7t o]of
A3 Slck te9] A9 Atolld= IHE ¢7] olA AAE
£ 7ol A=F0| ofs9] Ut =2 e} 04314'543]'—1: & g
QIst o (Luke & Asplund, 2018), oF5-29] Qb 2 #Eo]
88 ff A3 B4 mEAe g2k 5 g HoiSolt
(Yim et al., 2019). ol Uol7}, 184 | Aslel HIAE, T8
I Yol B o] A=9] YA & wet ofE9] ofofr] o]
3 5ol Zol7b Ql=A FRIoHtHTakacs & Bus, 2018).
AAFA7] B4 A dub ofsET ofyzh AdopdEXR|Ad
oFs(Yim et al., 2019), AHHF4Y Aol oFs(Thompson et
al., 2019)3} Zo| tofst I ot Fdol= HEHOo=H,
ofgo] Hol= <lof & QXA Zdo| wt I-HF ¢7] &5
oA dehtes b 22 mido] g2k 5 3E Ty
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_|>~I
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ozt 24 s AEsio] *}QC’L = O]E]' —O] o}5<] —_’-F’h”
H71E 2R WS Fopol| ANFH7IE A{G ARHA AREE
© AARA7] £4 BSE A Al 7R FEste] distar 9l
tHlai et al, 2013). WA, A {9 ofi2x 24 @
(temporal measures)Z & AlA 14 Al7Htotal fixation
duration), B A4 114 Al7Haverage fixation duration) %
o] ARREH ol= duht Qe siFshe A=l Aldo]l HMEH=
A gRIgto g AR A7 ppHm Ao dgE 4 Utk
2o 7 F7H4 W4(spatial measures)= A4l ojto] HEF
<A, 283 ojugt e HEFEA IRIoEn Al A
g IFS HojA Hot tEEQ I HeEE Tk A
(saccade length), T9F <A(saccade sequence), 3]H =°F
(regressive saccade) 50| AMEHTE wpxEro R 3ot IAAH
H4=(count measures) Aol B4 @Yo ¥ A HEH
A FRIE £ glom, QAAF AHF He HIPcke AR
dHA Aot EAJ] BeEE AM 14 34(fixation
count), A4 A4 3Zl(revisited fixation count) S°] AR

ojZigt AAFAY] B F, ofs9 19 ¢7] Esl 4
&sfo] Aglel eolde &% A IE sk st
T2 AREEE BHee A 9 349t I9E ZowA AjA
ToMe F2 F AA 8 AL B9 A 2 ARE AA
1 AZE AR 3 88 5ol AREES] HTHYiIm et al,
2019; Takacs us, 2016; Takacs & Bus, 2018). ¥4 &
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| 24 ws 3 T 829 o] AX MY By &
4 olmag 2ols WP AuHLAd] e HaHA v 9

olof Hstel, ool 74l Hel Samt M £Erh 19 ol
o] olafele] WS TALA WA A B F wAt
FE A7, I3 ol 1A aQlo] ol5e] AT LAYl
ofuet W) % TEloR ehtele] Wt A7 T3t ARt
ggol 199 9] BEolHe] A Ae B AT 24
sl 27 Aol HAAZE He A3t 7k Aol dhe BAHe
A7 3 ojojA|A] elket

wepy & Aol ok A7) oksol Zd Xel 8% 9 A
2 %, 398 947 B oIF o5 olop] ofs) Sqe, 17
I AAZEeR Z4ElE ofse] AT $4Y Tl 47 oy
3 AWYe LA okt A BHoR Tt ol o

A7) okgel Al 8% U Aol SEE o5
a84 olop] olHd(AHAA AR old, 228 Au oot
Sopt RS Bl

EA, oty A7) oke] 1¥d ol olH(Hy AR
o, %84 Au olal)el 1YW W] WA UEhi: £
4 A7 249 WL FOIt AuaAZ Holrk

A, B W) oksY Ael 8% W Ae SEE ool
a88 g7 BYelN Hole B4 AT 9AY dWEn ol
HBBAZ ROl

1. 89 oy

2 dte olleiidgy AR Y8 (Institutional
Review Board: IRB)ZHE APHESE ¥R T AAET
(No. ewha-201906-0026-01).

Aol FHofdk ofe2 A 9 A7) Ao AFsl=
A7) o ¥ 22%(d 129, o] 10%)2E, B4 oks9
EE= 44 9, 54 10, 6Al 3oltt. A+ i =F 7]
2 o5 Zrh (Doksy A Aol §F 4~6A0l s,
(DK-ABC(Korean-Kaufman ~ Assessment  Battery  for
Children, Moon & Byun, 2003)2] 3¢ g9l w0 A%
A A3 ZE-F47E 858(-18D) oo, B)d € EH
A o3y AT BT 10%ile ol sigek, (HFEE
32 BHS 7139 wAE E9f ofse Ad 9 A7 59 7T
Aollet A - B A Y sE Aot =R %2 of
T2 o= ootk AR E 4 olo] Wigt V&
AL Table 10 AAISFHLY.

e o
ol

HN ol

N

o | 0139l X2l 8 % &2 4=
T2 0[0p7| Ofoh 3! Qi SAIY IHH 7+ Mkt o7
Table 1. Participants' information

Category M SD
Age (month) 62.32 8.04
REVT-R 57.00 16.63
REVT-E 64.27 16.35
Non-verbal IQ (K-ABC) 110.00 13.88

Note. REVT-R=Receptive and Expressive Vocabulary Test-Receptive
vocabulary score (Kim et al., 2009); REVT-E=Receptive and
Expressive Vocabulary Test-Expressive vocabulary score (Kim et
al., 2009); Non-verbal IQ (K-ABC)=Korean-Kaufman Assessment
Battery for children (Moon & Byun, 2003).

AR ol A¥A] Holdt § A 8% U He 4= B
A, 132 7] B4, olop] ofs) Wt BAle] eXAHoE el
STt BE A o o] 2A AgEglon, A eAE 2
5 FUahA AgEh

1) M2l 8% ¥ X2 = x|
= ofsZ A olF AP & € AY & B7F T4
of Zofsigict. otsY A &F W IHEs wE"A
(matrix)7t AREEJCHYim et al, 2015). tiEZA FA[A
£ ofsolA HFE RUEE Bl 3 x39 S ALY g
22 ANst ARl s sHor FFEHLEE gith
oz H|oISl= 3 x 39 9 ARAE o] ofzolA AAH
1= ASEHe AHE &AE 71§ s <A I E
ggs] 7|9st] ArETfor ditt o A dolk= 4%
Az oo, 19AMM= 2719 APURR), 2%
Aclde 3719 AHRERER), 3PA0IAE 4719 ARG
@), 49A40IA= 570 AHEGER)el AsHEh ol wet
% 18719 E¥ol AAEHUCH, FAo= ofso] ARk
T 7heY F3to] AREI
otz Af &% Bt IAZE RANY A7 olF ti7] I
A7} A=t Aratjo et al., 2015; Peterson et al., 2014).
Atollie HFE HEUE 3 x 59 A PES AAlSt
779 AR el FR9R W, =i, 25, dg A7
HiAEE F, ofFolA AR Sl UEE 47 ol The
gt ] Woles g ettt A%
FAZ A F 7HE vdth A
Dol= o] e & AZkE &7g6t
A AZE Hell Bge] AEdt AeE ESFoks H4lo
. 2 AFolde AT 3 AZRRL 45% Wl gukg gt

2 olg A4g B4 Agtent
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2) I 97| oA

2 dolA ARRE T8 oY) €52 WA d¥e 1
sto] gl obE9] A & ¢l7|(shared book reading) A%<
7Hgste] o]RojFtt. oo waf, AtolA ARSE ¥ IA=
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AFE dHZ B AAENCH, Aok 419 eloldos +
g =] 3l

B2 Aol a8 IAE Yim 52019004 AMSE AHo=Z,
ol FfuttolA JEE IEA Aol olopr] F s o
HAEE AAFH7] AR AZRE Zolth. 2919 <dojHgt
ALY ATdS Boto] ofse] ARl Aeltty wEE=
oY AE ‘Caillou; What's that funny noise? 7} AA=E IO,
HE T9F FolA olop]Y A Do dAnd A3t
ol A7t ARREITE 1A o] A=l Sld dE €A
Ez IR AAE A H3wt AAEGeH, I¥8 97 &%
oA AMEH oloprl= Wi ols dgel AFRL sEo=
gkl Ato] WiFloldE w=aoksith olo wep IEE
Z 28 25% B3t AAEHU

5= Wdew T84 7] IAE AASHL ol gt b

=AU SF019Y oy AY deMe A FHo) o
2 AR EAo] =gt JY9 dRE I dY(area of
interests: AONOZ AAstIL ol tigt AIRZH EHE A4
BAtHLai et al., 2013; Yim et al., 2019). olo] wzt E o
Tz B 99 HHS BT ’\ﬂ-r;q £49] °]-r°1;u\"4'-
HollA ARRE I™HFY ool WHEEEE ARAT oo o
gt ofz9] WA wkg 9 Ay FgE0] "o, 4 AR
I Aae] JFE HAA He BT old digske 1¥H9Y
22 AOIE AFste] EAo] ARgsISich dojHeeat wes
191 @ olojHejst vy 7Y 2019 AEE Esio] ﬂ-/g
Y92 T NP A, oot opwle] Wl I9A;, w9fe], &
PR A= Aol ARgE I¥F FAQ] AA ‘410‘_
Appendix 19, 23 W AOIO| ¥t AR HHE+= Figure 19
A =] Ak

J84 34 AA7E SEE AS, oFsolAl olof] olsiet &
Aek 12709] Aol AAELH, o] F 7= A HHE I
AL, 181 MR 7le FE4 JE B AZeE HAES]
. % O}Eoﬂ ] A 5L &A= 6719 AMA FH olsf Aol
+ 5 oJs] AFo| olojzltt. MA AZ9 AL
3’4';‘301]—13 ‘?1_01‘%@‘*4 e 190 EAEY At 29, AAbt
g a7 1902 B £33 AEA diE e HdeE FF
wokom, A 7t P&l et A7t .60 ol £l A
Eo] ] /\}%5]%13]' ol AREE AFEA GH ofsf &
£4 5 ols) AA T3l gt FE+= Appendix 291 AAIE
At

ZF Ao tfgt ofze FWHS ARl FETe dX offd
et 23 Jeg QYIS 42=27, 4% 43=14, £Y
A=07). olop7] ol A3t FAol| gt At 7h AlFE A
< ot} dop=gal WAl 1210] AAl A=Y 50% &=
gt AEAS AAstgion, 1 A3 100%Y FAEE Hol=
Ao yepytt

rE o

l

3) AME=XT|(eye-tracker) ZAt
Al Yeoldor Add IHA AXY AHFH77F &
g 24912 BUE(Dell, P2418H2)Y} i ZUE] WH A

60

AL Bl oksolA AXEHAUS AAF AdFA7= =Y
SMI(Senso-Motoric  Instruments) Afo4l  7§dE  REDn
Scientifico] AMEEQloH, ol MET &% (sampling rate)’}
60Hz, A¥=(accuracy= 04°, I AAx(spatial
resolution)= 0.03 °9] AFFE 711l AHlo|tt,

Fte A50] S TN XPESGIeH, AFEFRY]
ofz9] Qo FA gl AAFA7Y AF HAA 60 x 80 cm
Yo 23t & QuE Awsllth ofEo] AlA=Zy] Bzt
HUEE &oto] I8 7] A Hofste ¢ 74 ok
AATE QB FAYL A 4 AZE0l(BeGaze 3.5)7F A

Ad LERS T A=A
o}s 9t €A% (eye movement)Q] BUd AL 9sto] 1
A AA oldol| 7t oF59] okt EAQH FH, W vRARIE,

&5 W 52 EXok= A" 2H(calibration) Ex7E A9
QM—UJ] HUeg Y 57 A& J’ 9 /- sl gt A

ZAFo] 0.6° Wz == Aot 2188 97 A7 Al
2 4= JEE AAstor

of59 AlA 24 Holg 3 Ax= £d AEE 5519
TR AE] S53(processing skills)F AdE Aoz M

A 5, AR AFolA ofs IHF Y7 A9 —']%5]31
Y AE AHste] 4o AHEsIAtHLai et al., 2013; Yim
et al., 2019).

rE rﬂ re

Page 1)

Shadow

Page 4)

Two-headed monster

Page 5) Page 6)

Cat Teddy bear

Figure 1. AQls (areas of interest) of the picture book

Z¥7ke] BA W] oigk A2 ohaat 2ok (DS AA 1
AlZHtotal fixation duration): FA| A}of| gt opFso] AJA 1L
A A7 F9t @QAA 14 A7H(fixation duration): AOIO] High
ofzo AMd 1 ARt T, 3)EH AlA 1 AlHaverage
fixation duration): AOIO| gt AJA 17 13]9 Bt A& A7t
(Bt A 1 AzE= A 78 ARHAIA 17 S, (HAA
1A 34 (fixation count): AQIC] tfgt AJA 114 3149] &3}
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3. Nz =M 3 2 X2

T3 ¢7] &% oA Yehd ok A 4 ZAxfet
A7 8F 9 A &&= A4 BH7F 39, 18aL ofopy] ofsf
Bt A 7+ U B4 9iste SPSS 260 ZEIHS
ARE3E Pearson AJ3HEA|(Pearson correlation coefficient)O]

AAE A

. g7 Zut

1. X2| 83 A X2 £ 0[0p| Ofs 53 Z+ J&aA

g 7] obs AP &% 9 A Sko I19H o] EF
o]% o}59] olor] olsf £ 7+ Al T FolEr]
sto] A2 85 H7F IAI wEZAS A &% H7F BAIQ)
RAN, 211 olop7] ojsfjo] 3t AME HH ols) AR E FE
2 A ol AET] AJTA #412 AASHIH.

24 2y, WEZAS 39yt 224 AJH ols] F&d
et 3 7k A ATEATE R Z0E UERTHI=.425,
p=.048). ?HH, RANS| S AR HE ol ZZo| tigh
FYY(=.5600, p=.007), 121 F24 AHE oJs] Ao df
FYY(=.483, p=.023) BF {5t FA JHHAE Hol=
o7 FEAEQItTable 2).

P

Table 2. Correlation between processing capacity, processing
speed, and story comprehension score

LQ 1Q
Matrix 406 425
RAN 560" 483"

Note. LQ=literal question score; IQ=inferential question

score.
"p<.05, " pC.01

5, A7 &Fo] 2 oFs2 °oPIE ofsfd] At FEA HE
ol Aol 2 IS Hole Aoz Yepdtt. Eet Az
SE7t HIE ofg2 olop] ofsfo] Het AMA AE ols) A&t
FEA HE ols] A& BTN w2 £HE Hole Aoz ¥

A

2. 0[0F7| OlsH S=at 27 SHEY IE ZF ST

Sty 317] okg9] olop] ofs) s =AY He It A
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Table 3. Correlation between eye-tracking variables and story
comprehension score

TFD® FD¢ AFD® EC'
LQ* -.137 .029 -.480° 258
1Q° 157 -.180 -.003 .086

Note. *1Q=literal question score; °IQ=inferential question
q q

score; ¢ TFD=total fixation duration; ¢ FD=fixation duration;

¢ AFD=average fixation duration; ' FC=fixation count.

"pX.05
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Table 4. Correlation between processing capacity, processing
speed, and eye-tracking variables

TFD FD AFD FC
Matirx 211 -.109 -.100 -.084
RAN -.075 - 447 -.299 -.334

Note. TFD=total fixation duration; FD=fixation duration;
AFD=average fixation duration; FC=fixation count.
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Appendix 1. Each pages and script of the picture book
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Appendix 2. Literal and inferential story comprehension questions and examples of correct answer
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