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Objectives: A child’s information processing and language skills may be important factors
that influence story comprehension during book reading. Using an eye-tracking method,
the present study investigated how age, gender, and language skills influence young chil-
dren’s book reading by measuring online eye-movement. Methods: A total of 18 children
(4-6 years old) participated in the study. One picture book without text was modified for
the study. A total of 6 pages presented on a computer screen while children listened to a
pre-recorded story. After reading, children were asked to answer story comprehension
questions. The dependent variables were total fixation duration, average fixation duration,
fixation time, fixation count, and first fixation duration. Correlation analyses were con-
ducted among the variables age, story comprehension, and eye movement. Gender differ-
ences in the eye movement and story comprehension variables were analyzed. In addition,
eye movement patterns and story comprehension performances were compared between
children with typical development (N=5) and children with language delay (N=5). Results:
First, significant correlation was found only between story comprehension and first fixation
duration. Second, gender differences were significant only on the fixation count. Lastly,
group differences were significant on both story comprehension and some eye movement
variables. Conclusion: An eye tracking method is useful to reveal online processing during
book reading. Children’s eye movement patterns differed depending on gender and lan-
guage abilities. The findings indicate that depending on a child’s profile, different reading
strategies should be applied for better learning outcomes during book reading.

Keywords: Eye tracking, Eye tracker, Eye movement, Book reading, Children with vocabu-
lary delay
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Table 1. Participants’ characteristics in TD by age group

Age group
Total (N=18)
4years(N=7) 5years(N=7) 6 years(N=4)

Gender
Male 2 3 2 7
Female 5 4 2 "
Age (mo) 5414(398) 64.14(393) 7525(3.78) 62.72(9.04)
Nonverbal 10 105.86(16.89) 112.29(10.34) 98.25(8.80) 106.67 (13.49)
Receptive 53.00(10.83) 62.00(10.02) 76.25(8.77)  61.67(13.09)
Vocabulary®
Expressive 59.71(4.75)  69.86(8.19)  79.25(17.19) 68.00(11.97)
Vocabulary®
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Table 2. Participants’ characteristics and Mann-Whitney (Atest results in TD
by gender

Male Female U value
(N=7) (N=11) P
Age (mo) 64.00(8.31) 61.91(9.77) 32.500 586

Nonverbal 10*
Receptive Vocabulary®
Expressive Vocabulary®

104.14(9.01) 108.27(15.92)  30.000 440
58.00(10.80) 64.00(14.35)  25.000 220
61.14(6.77)  70.45(14.11)  27.500 318

Values are presented as mean (SD).

TD=typically developing children.

Korean Kaufman Assessment Battery for Children (Moon & Byun, 2003), *Recep-
tive & Expressive Vocabulary Test (Kim, Hong, Kim, Jang, & Lee, 2010).
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Values are presented as mean (SD).

TD=typically developing children.

Korean Kaufman Assessment Battery for Children (Moon & Byun, 2003), "Recep-
tive & Expressive Vocabulary Test (Kim, Hong, Kim, Jang, & Lee, 2010).
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Table 3. Participants’ characteristics and Mann-Whitney (-test results be-
tween children with TD and VD

TD(N=5) VD (N=5) U p-value
57.20(7.36) 59.40(3.98) 8500 3%
115.60(17.36) 100.80(13.57)  6.500 209

48.40(8.35  32.60(7.73) 2.000 027*

59.60(856) 40.60(12.22) 500 012*

Age (mo)

Nonverbal 10°
Receptive Vocabulary?
Expressive Vocabulary®

Values are presented as mean (SD).

TD=typically developing childrenl; VD =children with vocabulary delay.

Korean Kaufman Assessment Battery for Children (Moon & Byun, 2003), "Recep-
tive & Expressive Vocabulary Test (Kim, Hong, Kim, Jang, & Lee, 2010).

*p<.05.
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Qropa] HI o] 1 EE(HP Z Book 15 Laptop 15.6) 2.2 o}-5-2] ot
87090 o4k 559 A7 8PS mUjelel BAlelch
A, 7t obsE = AF A7 AIREE o] F e H|o] A (cali-

bration; A 27%) a7} o] Fol ek e Hgo] -2 ST A|
T AES flste] 7 digake] b i, HL] HAl 9E ulA S
= Sk 2R, o] 9J8)l el obFSolA M3t A
Az 27} "}E‘r‘f}ﬂl 33Tk 574 7“Elt'ﬂﬂ 14 ZQIEY]

Sz gho] 0.6° of1el 44 1 AT Aaksieic 2 AL olof
719] Arsfol s vhellolde] SAlo] AMERA 21502 13
of molA)7} Holres: gttt

X2 2

& Aol AR B4 APAT 2 23 HE(Hol-
mgqvistetal., 2011; Lai et al., 2013; Was Sansosti, & Morris, 2017) &
ol 1HA 97] EAol ATt F 57N FEHE EHE ok
o AR QIS AAE 2ok B o} QiAo A
o] 5 AR R BAE 0] 9loja] el of8) 7 19
o] ool sk AlZHA o] oIk AgATo] HeHAnn
Evans & Saint-Aubin, 2005) & &1L Ao AFEE Z 6719 AlSH

of}4] 7t olol| ofal A W ololr|ollA] AAIsHE Ale] felo]
B 0490 81 ofF1E FHOE ) A1) 54 2] T

]

SHAON S AABIGLOT, o] AAFA] Az} HH £TEY
o12] BeGaze 352 53] tlole] 23 9 Ajslsick WA A% %
of| A AJAH|o|E| 22 B0] 75% oAl tiAkALe] AETFS HA9
-85 2 (Holmgqvist et al., 2011), AJA1 114 (fixation)2] 7|5
2 AYATE B2 27 FAef GHHA C 2 AFEEE 200 msE

7)1%0 & 3F9IcHHolmqyist et al., 2011). F-A]0]) -85 A3
7] B4 M= SAA A Z]4A 7 Htotal fixation duration), 3+t
A|A1 3174 R]4:A)7Haverage fixation duration), AJA1114) A)7}(fixa-

117 3l (fixation count), AA| AT Z|<LA|7F

(first fixation duration)& A5G A|A1E=A7] ZF 24 H=o

THeH A2 Table 491, 7t A5 AOI= Figure 10] A A =]of Qlrt.
to]E 24 THAol A UREA O 2 AJHF=A]7] A 1] 1S

tion time), AJAl

Table 4. Descriptions and definitions of eye-tracking measurement

Eye-tracking measurement  AQI relation Description and definitions

Total fixation duration X Time for total fixation in whole page
Average fixation duration 0 Average of each AQI fixation duration
Fixation time 0] Total fixation time on AQI

Fixation count 0] Total number of AQI fixation

First fixation duration 0 A0l fixation duration after the presen-

tation of the vocabulary stimulus

AOl=area of interest.

Page 5. Cat

Page 6. Teddy bear

Figure 1. Four area of interests on picture book.
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drors2] 0|07 Ofal Fae2t QT ZAIY THE 7h |
Urtolg-9f ojof| ofal] o A|AIFA7] EA W 7 A
A& gofslr] $ste] AAISE Spearman 5 9ATHEA] AT
Table 701 A 4|0} Ik
B4 23, Qabobe] olop] ofa) Wiz NHTA Ak
SOFATHS Hol= A0 & LFEPTHr = 480, p=.044).

+= Table 8] ﬂ*lEloi o ofof Higt 7|54 A= Table 9

Table 5. Descriptive statistics on eye tracking measurements in children with
typical development

= glo|g]Q} o]o}r] o]3] A & HE g|o]E|= SPSS Statistics Dependent variables Age group (yr) N Mean (SD)
version 255 E3}to] BEA5IgtE Aeu} A A7) BA W 7 Total fixation duration (sec) 4 7 104.45 (8.40)
AR B4 918 W] W4 2.2 Spearman 59142k : v e
o] AAE|G] o, T ek Bl e} ditols 9 o] S XA Total 18 10593 (9.07)
o5 Zoh v]wofl = -3 EY U-FHAJo] AFEE Lk Average fixation duration (sec) 4 7 0.45(0.05)
9 7 0.42(0.03)
6 4 0.48(0.05)
Z47
Az Total 18 0.44(0.05)
Fixation time (sec) 4 22.39(6.03)
2utoLs 0| 12 U [0}y Ols F4et ot SR THE 7t 5 7 254(5M)
AT 6 4 23.97(5.95)
OIHIQ}=0| o247} OF12 X101 THE] 7t Ak Total 18 2397(562)
n I il
ditotse] At A=Y IE ZHSEE Fixation count 4 50.29(13.23)
A 12 9704 ARERE YRtolgo] Hel AJAF27] £ 5 7 60.14(12.23)
] ZAiko]| ot 714 5] ZH= Table 500 A 8L, Autol 6 R ol
- _ _ Total 18 54.00(12.46)
o] AT} A=A B W~ 71 AlaA|1E alolslr] 915 - _
AT A A7) 2 e 2 AS Tretsh] ot First fixation duration (sec) 4 0.74(0.26)
AIAJ3T Spearman 5-$1/3HE-A] Z3}= Table 60]] A A| o] Qlct. 5 7 057(033)
4 ok QU] Y WL RE AR B4 2 ; t oo
of frof7t kg Ho)7] Rz A2 Lekth(p>.05) oo LA
Table 6. Spearman rank correlation among eye tracking measurements and age in children with typical development
Total fixation duration Average fixation duration Fixation time Fixation count First fixation duration
Age (mo) 088 -017 087 -.008 -074

*p<.05.

Table 7. Spearman rank correlation among eye tracking measurements and story comprehension scores in children with typical development

Total fixation duration

Average fixation duration

Fixation time Fixation count First fixation duration

Story comprehension scores -231 052

-.067 -036 A480%

*p<.05.
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Table 8. Spearman rank correlation among eye tracking measurement and age in each page of picture book with AQI

Page no. AQl size (%) Total fixation duration Average fixation duration Fixation time Fixation count  First fixation duration
5 16 076 138 143 -009 -.169
2 27 062 181 330 303 .066
Age (mo)
4 34 058 -289 -314 -235 002
6 54 376 -231 128 093 269

Page numbers were ordered by size of AQI (area of interest).
*p<.05.

Table 9. Descriptive statistics on eye tracking measurements in each picture with AQI

Age group

Dependent variable Page no. A0l size (%) Total (N=18)
4 years (N=7) 5years (N=7) 6 years (N=4)

Total fixation duration (ms) 5 16 763.20(75.00) 796.87 (73.48) 77254 (96.21) 778.37(75.95)

2 2.7 713.86(88.71) 746.55(76.67) 728.90(116.40) 729.91(86.39)

4 34 624.60(115.92) 669.21(174.97) 653.20 (163.59) 655.30 (142.89)

6 54 810.34(160.85) 915.82 (103.80) 849.91 (226.66) 860.15(155.96)
Average fixation duration (ms) 5 16 15.39(2.08) 15.87(1.73) 16.33(1.71) 15.89(1.80)

2 2.7 14.64 (2.46) 13.32(2.42) 14.94 (3.26) 14.20(2.57)

4 34 16.58 (2.96) 11.42(8.30) 20.47 (6.58) 15.44.(6.94)

6 5.4 24.69(5.29) 21.80(5.13) 21.44(3.28) 22.84(4.84)
Fixation time (ms) 5 16 205.83(114.79) 205.47 (71.82) 273.04(161.83) 220.63(109.20)

2 2.7 304.73(144.71) 391.20(196.74) 225.89 (157.64) 320.84(172.35)

4 34 111.62 (74.85) 91.26(111.93) 160.72 (109.91) 114.61(96.23)

6 5.4 234.62 (84.26) 295.25(62.37) 271.83(136.99) 266.47 (89.19)
Fixation count 5 16 0.50(0.30) 0.48(0.17) 0.60(0.30) 0.52(0.24)

2 2.7 0.75(0.26) 1.04(0.45) 0.52(0.29) 0.81(0.39)

4 34 0.25(0.16) 0.19(0.21) 0.26(0.16) 0.23(0.17)

6 54 0.36(0.13) 0.52(0.14) 0.46(0.22) 0.45(0.16)
First fixation duration (ms) 5 16 675.93 (384.58) 575.94 (513.68) 841.36(612.85) 673.81(471.34)

2 2.7 616.44 (400.07) 497.45(281.17) 591.43(302.15) 564.61(321.93)

4 34 1,085.30(937.46) 357.00 (461.58) 770.59 (337.70) 732.14(717.74)

6 54 518.85(259.28) 628.35(511.10) 749.69 (371.25) 612.73(385.21)
Values are presented as mean (SD).
AOl=area of interest.
of AlAJ=lo] Qlek A Aol A Z42-e] Afstol| A itols W & A A3k gy o 71 olop] osf ol Al £-oJ7t Zfo] 7k Lt
B R A A7) Wb ofwh AR S FLA A 28R U] odokek TR TR Q1o A] A A S22 F
%= A2 UELTHp>.05). AR Oz FOfRt 2ol 7} giglon, Hol gJeko] ofo} Fetke] Hls]

AT 17 ke HeFAS HTHU=17.500, p=.057).
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Table 10. Descriptive statistics and Mann-Whitney U-test results on eye-tracking measurements between gender groups

Eye-tracking measurements Male (N=7) Female (N=11) U p-value
Total fixation duration (sec) 106.84 (4.62) 105.36 (11.23) 36.000 821
Average fixation duration (sec) 0.43(0.05) 0.45(0.05) 32.500 585
Fixation time (sec) 26.25(4.49) 22.51(5.96) 31.000 497
Fixation count 60.86 (11.45) 49.64(11.46) 17.500 057
First fixation duration (sec) 0.66 (0.26) 0.68(0.30) 35.500 786
Story comprehension score 8.57 (2.64) 9.36 (1.86) 35.000 747

Values are presented as mean (SD).
*p<.05.

Table 11. Descriptive statistics and Mann-Whitney U-test results on eye tracking measurements between gender groups in each page of picture book with AQI

Eye-tracking measurements Page no. AQl size (%) Male (N=7) Female (N=11) u p-value
Total fixation duration (ms) 5 16 625.78(180.77) 674.09(118.77) 34.000 684
2 2.7 769.37 (82.88) 784.10(74.77) 37.000 892
4 34 749.33 (70.55) 717.56 (96.28) 32.000 556
6 54 867.97 (130.56) 855.18(176.21) 36.000 821
Average fixation duration (ms) 5 16 14.46(8.10) 16.06 (6.44) 28.500 .365
2 2.7 15.57 (1.96) 15.92 (1.77) 33.000 618
4 34 17.34(4.42) 13.19(7.71) 25.000 221
6 54 22.25(6.03) 2322(4.19) 26.000 258
Fixation time (ms) 5 16 87.81(74.84) 131.66 (107.50) 29.500 415
2 2.7 215.62 (87.01) 223.82(125.30) 35.000 751
4 34 399.06(128.22) 271.06(183.37) 22.000 135
6 54 311.16 (77.26) 238.03(87.49) 19.000 077
Fixation count 3 16 0.18(0.13) 0.26(0.20) 27.000 296
2 2.7 0.53(0.25) 0.51(0.24) 36.500 856
4 34 0.99(0.34) 0.70(0.39) 21.500 122
6 54 0.56(0.18) 0.37(0.11) 13.000 .020%
First fixation duration (ms) 5 16 44985 (334.03) 911.78 (847.07) 25.000 22
2 2.7 861.56 (592.18) 554.32 (356.22) 24.000 189
4 34 690.22 (322.71) 484.67 (309.23) 21.000 113
6 54 580.70 (347.94) 633.11 (422.44) 37.000 892

Values are presented as mean (SD).
AOl=area of interest.
*p<.05.
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Table 12. Descriptive statistics and Mann-Whitney U-test results on eye tracking measurements between TD and VD groups

Eye-tracking measurements TD (N=5) VD (N=5) U p-value
Total fixation duration (sec) 107.65 (6.85) 100.10(14.27) 5.000 117
Average fixation duration (sec) 0.43(0.05) 0.50(0.03) 2.000 027*
Fixation time (sec) 27.00(4.40) 27.88(7.87) 12.000 917
Fixation count 63.20(12.50) 55.80(15.91) 9.000 459
First fixation duration (sec) 0.65(0.28) 0.46(0.11) 8.000 344
Story comprehension score 9.20(0.45) 6.20(1.10) 15.000 .006™*

Values are presented as mean (SD).
TD=typically developing children; VD =children with vocabulary delay.
*p<.05, **p<.01.

Table 13. Descriptive statistics and Mann-Whitney U-test results on eye tracking measurements between TD and VD groups in each picture with AQI

Eye-tracking measurements Page no. AQI size (%) TD(n=5) VD (n=5) U p-value
Total fixation duration (ms) 5 16 687.08 (131.88) 605.86(119.12) 7.000 251
2 2.7 780.44.(100.65) 701.10(199.96) 11.000 754
4 34 767.71(83.57) 705.62 (120.89) 9.000 465
6 54 859.52 (114.94) 955.77 (212.46) 10.000 602
Average fixation duration (ms) 5 16 17.65 (4.94) 12.88(11.79) 12.000 917
2 2.7 15.07 (2.28) 19.48 (4.02) 2.000 .028*
4 34 15.50 (4.80) 13.19(7.70) 12.000 917
6 54 22.85(7.17) 24.40(2.91) 6.000 175
Fixation time (ms) 5 16 14167 (105.34) 134.32(136.03) 12.000 917
2 2.7 29322 (57.71) 239.54(93.58) 8.000 347
4 34 338.65(186.01) 310.66 (185.46) 12.000 917
6 54 25359 (55.23) 431.59(115.12) 2.000 .028*
Fixation count B 16 0.28(0.19) 0.21(0.21) 11.000 753
2 2.7 0.74(0.21) 0.49(0.23) 5.000 116
4 34 0.77 (0.45) 0.63(0.36) 11.500 829
6 54 0.64(0.25) 0.93(0.20) 4.000 073
First fixation duration (ms) 5 16 27.58(20.86) 7.01(6.87) 2.000 028"
2 2.7 27.39(11.10) 16.29 (6.26) 6.000 175
4 34 21.21(1373) 17.99(11.82) 11.500 834
6 5.4 23.68(15.07) 18.24 (6.45) 9.500 530

Values are presented as mean (SD).

TD=typically developing children; VD= children with vocabulary delay; AOl=area of interest.

*p<.05.
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Page 6 (5.4%) in TD group

Page 6 (5.4%) in VD group

Figure 2. Heatmap between TD and VD group in pages 5 and 6.
TD =typically developing children; VD =children with vocabulary delay.
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Appendix 1. Each page and script of the picture book ‘Caillou: What's that funny noise?’

Page 1: It's time to go to bed. Bogeom was in his bed. “Good night,
Bogeom” Mommy said to Bogeom and covered him with a blanket.

Page 2: When mommy turned off the light, something strange ap-
peared on the blanket. Bogeom cried out in surprise and said “Mom-
my, look at this. it's monster!”. But, mommy smiled and said “That is
the shadow of stickers on the window reflected on the blanket”
Bogeom was relieved, and mommy went back to her room.

Page 3: Bogeom was going to sleep. But he heard a strange noise
from somewhere. “What should | do? it's real monster” Bogeom was
scared, and shout toward his parent. “Mom, dad! monster is com-
ing!" he jumped out of the bed to get to his parent.

Page 4: At that time, the door was opened. And there was a two-
headed monster standing in front of the door. Bogeom screamed be-
cause he was so scared. And then, the lights were on in the room.
There was a parent standing in front of the door. “Oh, | thought it
was a monster” Bogeom was relieved.

Page 5: But suddenly, strange thing appeared under the bed. Bogeom
was surprised. But it was his cat. He smiled and said “It wasn't a
monster” Mommy said “There’s no monster, bogeom. Sleeping with
this teddy bear will help you to sleep well”.

Page 6: Bogeom covered his head with the teddy bear. The feet of
teddy bear were covered Bogeom's ears. Then, he didn't hear any-
thing. Bogeom eased himself, and fell asleep with the teddy bear.
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Appendix 2. Story comprehension question and scoring examples of the answers

Story comprehension questions Examples of 2-point answer Examples of 1-point answer
1 Who is the main character of this story? Bogeom (name of the character) Friend, Baby

2 Where did it happen? Room Home, Bed

3 Where did the shadow of stickers appear? Bed, Bedding Room

4 \When the room lights on, who was standing at the door? Parent, Mother and father -

5 What was suddenly appeared under the bed? Cat -

6  When did the bogeom sleep with? Bear, Teddy bear -
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