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Objectives: This study aimed to investigate differences in reading performance between
two groups of children, children with reading difficulties (RD) and typically developing chil-
dren (TD), depending on story types and length of given text. To comprehensively evalu-
ate children’s reading ability, both offline and online processing were taken into consider-
ation, and chunking skill was measured to explore the relationship between working
memory and reading comprehension. Methods: Twenty-six children (11 with RD and 15
with TD) in 3rd to 4th grade of elementary school participated in this study. Two experi-
mental tasks were conducted: a reading comprehension task using an eye-tracker and a
word list recall task. While reading the text, children’s eye movements were analyzed to
identify online reading processing. After they finished reading, they were asked to answer
the offline reading comprehension questions. Results: There were significant differences in
reading comprehension depending on the group, the story type, and the level of process-
ing load. For the fixation, there was an interaction effect between the group and the story
type. Also, as a result of heat map analysis, the fixation of the RD group was evenly distrib-
uted throughout the texts given at low processing load. In addition, as a result of correla-
tion analysis, there was a significant difference in patterns of using chunking skills in read-
ing comprehension between the two groups. Conclusion: This study has a clinical implica-
tion in that it suggested that presenting reading materials concisely could be one of the
ways to improve reading comprehension in the RD group.

Keywords: Eye-tracking, Reading difficulties, Reading comprehension, Reading process-
ing, Episodic buffer
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Table 1. Participants’ characteristics

Characteristic RD (N=11) TD (N=15) t
Age (month) 110.00 (6.54) 106.33 (5.07) -1613
KBIT-II° 92.33(9.21) 108.25(7.64) 3.800%*
KOLRA 50.83(2.70) 52.83(2.86) 7.549%*

Values are presented as mean (SD).

RD =children with reading difficulties; TD=typically developing children.

Korean Kaufman Brief Intelligence Test-Il (KBIT-II; Moon, 2020).

®Korean Language-based Reading Assessment (KOLRA; Pae, Kim, Yoon, & Jang,
2015).

**p<.001.
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Table 2. ANOVA results on the reading comprehension task scores by groups
depending on the order in which the stories were presented

Sum of squares  df Mean square F p
Daily Story (High)
Between-factor 76.096 3 25.080 0721 0550
Within-factor 750.464 22 34.769
Total 826.560 25
Daily Story (Low)
Between-factor 176.964 3 41.023 0.855 0479
Within-factor 971.036 22 47.958
Total 1,148.000 25
Non-daily Story (High)
Between-factor 247 411 3 97.996 2002 0143
Within-factor 1,060.429 22 48.938
Total 1,307.840 25
Non-daily Story (Low)
Between-factor 184.233 3 48127 1431 0.260
Within-factor 691.607 22 33.621
Total 875.840 25

Table 3. Example of scoring rubric of reading comprehension task

AMFEX7 |(eye—tracken S &S 917 X2| oHY H4

olob7] 917] TARIAL &) A7k AN B RS B gl
(Area of Interest, AOI) ©. 2 A5} 01, SMI BeGaze 3.7 2L E
%]013 Eoll A=A HlolEE 24 ¢7] A2 2y ®a

A7 (Kang & Yim, 2018)01/4 24t w4 5
AlA 1A A7 H(fixation duration), A|41117 314> (fixation count),
heat map< AF-50] HAJISITE 917] AIZHS So] 917] A
PHANEL o1 o] 97| S AlZe 7k o} el 27 &
(8= S8 Al 1 (fixation) O[3 M AR} PG (AOD)
< 40-200 ms oA} R|&2| 0 2 SAJ5k= A& Wl (Choi &
Shin, 2012; Holmqyvist et al., 2011; Tsai, Hou, Lai, Liu, & Yang,
2012), AV 14 5 AV TR A48 B89
ok QA 0 2 AHIRAZE] B9l WelHEEms7) AL
<HI(Yim etal,, 2019), i A-ollA = LA E(ms) & 202 ¥
3la}o] H49519]ck Heat map-2 Al 114 OFARS: A|Zbsla}o] B
Hehs oz, WA BAESS ATl oo A4 2
©Jn| @t (Chung & Yim, 2020). ¢17]0|8}2 2t IpA| 2} v

2, e xJ2j3s} 2700042 o)) Az 29 wig i dikne} 5
Hhe) 2475 ghatelo] HAel otk

2171 A1Zke)

55 2157] b
SOl £ 314 3] Uie AHE oF5e] BurSa ol 1
ofBt{an, Aefolut o7} ol A ol ofe ourg
7

Estelon, AFd E40lA wiAls Atk 82 ofn] 2

me

lo e

H
H
=

N
ofi

Question types Questions Score/Answers
Literal Where was Cheolsoo when his father went into the bedroom? 2: Inthe kitchen
comprehension 1 At home
Why did the father scold Cheolsoo? 2: Because he was late for the school, and he felt asleep in the class
1: Because he was late for the school; or because he felt asleep in the class (if a
child gives only one of the two possible answers)
Where did the villagers find the golden Buddha? 2: Inthe ashes
1:In the temple
Where did the people from distant country go to buy valuables? 2: Antique shop
1: Store, shop
Inference Why was the father happy about writing so many envelopes? 2: Because he could make a lot of money
1: Because he could write less envelopes
How do you think Cheolsoo might have felt when his father came ~ 2: He was afraid or worried that his father would scold him.
out to the kitchen? 1 He was startled.
Why did the stone lion appear alive? 2: Because the old man made it so well
1: Because it appeared like a real lion
Why did the villagers put the stone lion in front of the temple? 2: To keep the treasure safe
1: Because it's cool; or because the stone lion itself was precious.
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(Fu2n=11.034, p<.005). 5, $7]5-7] oF-5-2] AFA ZHolsl] AT
A4(M=10.80, SD =2.46)7} Ul 0}-5=2] Z14=(M =14.03, SD =2.46)
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H|UARA] o]ofr]o] AFAA ARHolE A4~(M=10.24, SD= 276)7]-
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olopr] FR¥ A2t 27 7k o}z ARGl FAX R
I SFATH(Fu 29 =5.143, p<.05). D72 o]oF7|of A= & A1
6} 273 S Aejisl 27100 whE A 2ol 7k AA] QEQHA]
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48 7h] 0|2} AFB A0 =2.884, p>.05), Ak} Hejsial

Table 4. Descriptive statistics of scores on literal comprehension questions
between groups

Daily Story Non-daily Story
Group - -
High Low High Low
RD(N=11) 1345(4.06)  13.64(4.55) 7.36(3.33) 8.73(4.00)
TD (N=15) 15.40(261)  15.87(3.16) 1067 (4.34)  14.20(2.24)

Values are presented as mean (SD).
RD =children with reading difficulties; TD=typically developing children; High=high
processing load; Low=low processing load.

* %k
I m 1D

%

20 (?\_\ = RD

Literal comprehension scores
IS

Daily Story Daily Story  Non-Daily Story Non-Daily Story
(High) (Low) (High) (Low)

Story type (Processing load)

Figure 1. Scores on literal comprehension questions by group.
TD=typically developing children; RD =children with reading difficulties.
*p<.05, **p<.001.
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EEH ZH0[0F| Rt Malest Z200) M2 £2 22 B
H|x
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7 vs B Olop 1) A2 et 22l & A2l e 27 vs,
<> AEjsl 24)of w2 52 sl 725t Akl 7} l=A] Lot
H7] ¥s}o] @,’%@ SHELAHE A (three-way mixed ANOVA)S 4l
AleRglet ofopr] 7 B Al el 2o whE & Ad 2 4
i Aol tigt 7] %%74] A= Table 52} Figure 30| A A|5}HACE.
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(Fo2n=5997,p<.05). 5, Y7541 oF52] 32 A A4 (M=9.57,
SD=2.35)7} &JuF o}£0] AH2x(M=11.85, SD=2.35) 2T} 9-0]3}
A vke 0.2 Uehe. U ) 29 % olobr] o]t 25
A0 2 Gl o = 18.034, p<.000), 2, B4
olo}7]9] =& AR 4 (M=8.93, SD=2.99)7} UAHA o]o}7]o]

K9] 4=(M=12.49, SD =3.39) Ht} F-2J5HA] B2 210 2 LEyt
) 20
é *
c 15 . i,
S = t
% 10 }/{
£ = Daily Story
& 5|
5 === Non-Daily Story
S o

High Low

Processing load

Figure 2. Interaction effect on literal comprehension scores between story
type and processing load.
*pn<.05.

Table 5. Descriptive statistics of scores on inference questions between

groups
Daily Story Non-daily Story
Group : ;
High Low High Low
RD(N=11) 11.91(3.56) 10.91 (4.46) 7.45(4.87) 8.00(3.69)
TD (N=15) 13.73(3.04) 13.40 (3.64) 9.20(3.65) 11.07 (2.37)

Values are presented as mean (SD).
RD=children with reading difficulties; TD=typically developing children;
High=high processing load; Low=low processing load.
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Daily Story Daily Story  Non-Daily Story Non-Daily Story
(High) (Low) (High) (Low)

Story type (Processing load)

Figure 3. Scores on inference questions by group.
TD=typically developing children; RD =children with reading difficulties.
**p<.001.
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Table 6. Descriptive statistics of reading processing between groups

A obse] ¢7]osh# B ¢l 7] A 2] Aol thgh AdFH AT« i ol

) Daily Story Non-daily Story
Variable Group : :
High Low High Low
Reading time (sec.) RD(N=11) 121.00(69.12) 115.45(57.22) 104.00(62.12) 137.18(57.94)
TD(N=15) 69.73 (28.64) 69.73(28.23) 97.93(42.73) 103.33(32.15)
Fixation duration (sec.) RD (N=11) 90.89(49.10) 92.67 (50.62) 87.00(59.07) 109.94 (49.08)
TD(N=15) 58.23 (26.65) 55.79(26.72) 79.47 (35.31) 81.48(24.42)
Fixation count RD(N=11) 284.90(97.22) 221.40 (56.59) 223.00 (94.04) 263.40 (67.36)
TD(N=15) 193.71(57.37) 184.07 (63.49) 236.93 (60.58) 250.07 (71.06)

Values are presented as mean (SD).

RD=children with reading difficulties; TD=typically developing children; High=high processing load; Low=low processing load.

140
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100 -
80 |
60
40
20

T
=

= RD
= 1D

Reading time (sec)

Daily Story Non-Daily Story

Story type

Figure 4. Interaction effect on reading time between group and story type.
RD =children with reading difficulties; TD =typically developing children.
*p<.05.
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Figure 5. Interaction effect on fixation duration between group and story type.
RD =children with reading difficulties; TD =typically developing children.
*p<.05.
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Figure 6. Heat map analysis on fixation between groups at the condition of high processing load
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RD=children with reading difficulties; TD =typically developing children.
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RD=children with reading difficulties; TD=typically developing children.

Table 7. The correlation coefficients between sub-scores of reading comprehension and episodic buffer in children with reading difficulties

High_Daily story Low_Daily story High_Non-daily story Low_Non-daily story Chunking_S
Low_Daily story 613*
High_Non-daily story 028 -139
Low_Non-daily story 147 955 363
Chunking_S -552 -077 -b74 -246
Chunking_R -47 -219 022 -132 .706*

High_Daily story=scores of daily story at the condition of high processing load; Low_Daily story=scores of daily story at the condition of low processing load; High_Non-
daily story=scores of non-daily story at the condition of high processing load; Low_Non-daily story=scores of daily story at the condition of low processing load; Chunking_
S=scores of sentence order in word list recall; Chunking_R= scores of random order in word list recall.

*p<.05.

HHAE Gopd 7] 9I5to] Pearson A5 HAFE AbEsto] B = W2 ARl 270x 9] YA ojopr] Xet #9135k 44

A3} 5t A ol 38t A= Table 70 A|A[SFSAT S BYoH(r=.613, p<.05), ol EEIA} Aol Tol
AR AT 2 HERsh ZANS) QA olor] A BRI Aol o8 AR ARAL Qs 202 ekt
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Table 8. The correlation coefficients between sub-scores of reading comprehension and episodic buffer in typically developing children

High_Daily story Low_Daily story High_Non-daily story Low_Non-daily story Chunking_S
Low_Daily story 122%*
High_Non-daily story 270 379
Low_Non-daily story 035 084 091
Chunking_S -198 -034 -298 -044
Chunking_R -080 017 -151 046 B854**

High_Daily story=scores of daily story at the condition of high processing load; Low_Daily story=scores of daily story at the condition of low processing load; High_Non-
daily story=scores of non-daily story at the condition of high processing load; Low_Non-daily story=scores of daily story at the condition of low processing load; Chunking_
S=scores of sentence order in word list recall; Chunking_R = scores of random order in word list recall.

**p< 01.

Thr=.706, p <.05).
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