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ABSTRACT

This study examines the characteristics of eye movement during problem-solving based
on the presentation of introductory text and illustrations in mathematics textbooks and
proposes effective presentation methods. Text and illustrations were categorized into
essential and supplementary content, with supplementary content further classified by
its equivalence to text. Eye-tracking data revealed that students referenced both text and
illustrations, transitioning their gaze from text to illustrations. Fixation duration was longest
on key elements such as speech bubble and relevant objects. Regardless of presentation
format, students first fixated on text before shifting to speech bubble, prioritizing problem-
relevant information over sequential reading. Higher text-illustration equivalence led
to greater illustration use, but students also utilized illustrations when they perceived a
meaningful connection. These findings provide insights into effective text and illustration
presentation for enhancing problem-solving in mathematics education.

Key words : Elementary Math Textbook, Text & Illustration, Problem solving, Presenting
Format,
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The Characteristics of Students’ Eye Movement According to the Introduction Presentation Method of Text and Illustrations in Elementary
Mathematics Textbook
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Theoretical Background

Introduction Presentation Method of Illustration and Text
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Materials and Methods
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Mathematics Textbook
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Data Collection

B o Loj| A= k7] glo|E|et AbE HehS E351 21F] to|E|E E3lslo] B4 2 A ol|A] EHAYS0] A]
A& AAls] ZA kLA SEIT AlAd 17 3'+ AAd o5l whE Tlo Bl 5] ERa} Alo] 223t H|o|Ef o}
A 9= A5t F A A AIRE A A 17 ARE HolE S SAsIRith Al S A A7 SR
Fole Ak gg 5o 1 wlolElE 3712 44elo] AR S A 0 2 BAIRI,

tlo]e] 3] W 2-Aof|+= Tobii TechnologyA}2] Tobii Pro Lab=sr &-85}%It} o] T2 7388 E3) Ay 7}
ko] Al 14 =g AlZElst S| ERY, AJA o] 55 UERH Alo| 255t o|n|R| & sl on F Al

17 AR R A 17 AJ7Ee] ol Bl E Al ol 2 SE513iT

:LJ—} “’9]' Xﬂ/‘] Hdoﬂ ‘I}— °L"HE——] Al d % A 0}7] 915l Table 22} 7L°] A J—]'Xﬂ S 2 JYhAt

Brain, Digital, & Learning. 2025 Vol. 15 No. 1 5



Kim & Lee

Table 2. Examples of area of interest(AOI)

Presentation Essential Content Supplementary Content Supplementary Content
Method (Equivalent Information) (Non-equivalent Information)
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Results

Characteristics of Students’ Eye-movement Based on Essential and Supplementary
Contents

Heatmaps of Text and Illustration Areas
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Mathematics Textbook
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Table 3. Examples of heatmap
Presentation Essential Content Supplementary Content Supplementary Content
Method (Equivalent Information) (Non-equivalent Information)
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4" 2.11 1191 5.38 453 10.00 446
5t 1.05 1422 344 932 10.53 452
6" 553 1632 344 49 487 2.52
Average 293 12.26 4.86 633 774 3.88
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Table 5. First fixation duration of AOI within illustrations containing speech bubbles

(Second)
Presentation Method . Supplementary Content
AOI of Tasks o (quzllzvalent taInli}‘(l)rmation)

1" Task Text 0.79 1.35
Speech Bubble(Key) 6.62 5.53
Speech Bubble (Question) 8.28 10.13
Object 949 9.06
2" Task Text 1.16 1.62
Speech Bubble(Key) 532 5.55
Speech Bubble (Question) 6.88 5.70
Object 749 10.36
3" Task Text 0.63 0.43
Speech Bubble(Key) 2.70 7.00
Speech Bubble (Question) 4.84 10.39
Object(Eggs) 10.65 647
Object (Container) 4.11 943
4" Task Text 1.94 0.65
Speech Bubble(Key) 0.83 11.21
Speech Bubble (Question) 7.22 6.98
Object 6.64 14.77
5" Task Text 1.13 1.04
Speech Bubble(Key) 3.87 6.63
Speech Bubble (Question) 6.80 8.00
Object 8.00 9.95
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The Characteristics of Students’ Eye Movement According to the Introduction Presentation Method of Text and Illustrations in Elementary

Mathematics Textbook
Table 6. Total fixation duration of AOI within illustrations containing speech bubbles
(Second)

Presentation Method . Supplementary Content

AOI of Tasks S G (Equ)]l;)Vﬂent ?ﬁfiﬂnation)
1™ Task Text 5.02 8.69
Speech Bubble(Key) 3.53 2.61
Speech Bubble (Question) 1.03 111
Object 1.51 0.94
2" Task Text 1.85 5.10
Speech Bubble(Key) 3.15 243
Speech Bubble (Question) 1.51 0.24
Object 3.04 1.13
3" Task Text 211 538
Speech Bubble(Key) 6.51 1.17
Speech Bubble (Question) 1.09 0.36
Object(Eggs) 0.80 0.61
Object (Container) 1.79 0.87
4" Task Text 1.05 344
Speech Bubble(Key) 8.18 2.76
Speech Bubble (Question) 1.03 0.72
Object 0.96 0.90
5" Task Text 2.52 5.65
Speech Bubble(Key) 5.34 224
Speech Bubble (Question) 1.17 0.61
Object 2.03 111

2) In Case of No Speech Bubble
Table 72] A1 *l A 317 AJ7E g to| wh= R, Aeho) A|A] i of] Aaiglo] ea AR Al & =il A
32 o] 53 Bl 4 lct

Table 7. First fixation duration of AOIl in case of no speech bubbles

(Second)
Presentation Method . Supplementary Content
AOI of Tasks Essential Content (Equivalent Information)
39 Task Text 0.71 1.00
Object (Plum) 3.63 4.36
Object (Person) 3.10 3.13
6" Task Text 048 051
Object (Jacks) 3.57 3.96
Table 80141 2 4= Gh50] 20| BA| S0l BRI $A17} AN 5 A ke BLA g2 A9, S 2
Hep EAoll Alds o 22 1R eH, F Al 117 AlZto] EAflollA] St 28l o) A1tk of= #A
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Table 8. Total fixation duration of AOI in case of no Speech Bubbles

(Second)

Presentation Method . Supplementary Content

AOI of Tasks Essential Content (Elz[pinr')valenttalnrf}(’)nnation)
3" Task Text 1.99 3.09
Object (Plum) 3.69 1.20
Object (Person) 046 0.80
6" Task Text 5.53 344
Object (Jacks) 13.15 3.80

Characteristics of Students’ Eye Movements Based on the Equivalence of Supplementary
Information

Heatmaps of Text and Illustration Areas
HxA 8ol 5710l whE AlAd 172 Table 99} 5| ERIXH LERKIT. o2 &3l 5710l w3y
S| A4 EAJo] kA LreRde SQ1at 4 ik

Table 9. Examples of supplementary contents

Presentation Supplementary Content Supplementary Content
Method (Equivalent Information) (Non-equivalent Information)
Heatmap

Table 9 | ERjol 2™, B 24 Ulg.0 7 ZAE s 2%t 52 2ol AldS o] 28 gt 2oz 1t
eI, it 2t Atshe] S7Hgel uteh AstelA] Al T B2 o] Al xfol k glc.

2 tfe] S57H YRS TG B2 U1§0) B9, 20} A8 o] BRolM Mo & EAH o] 24
ST} A1} 4 9714 302 Lol A 2ol shahs 352, Boll ANE 157)19) Aol 2eb] e
o= ZA=0] 157 A= A

= v v 57 B E oSt H2A Ul-89] 49, 5| EfollA= 2 FolRh Bt o 2 A= 443}
ool AFA0 20t ehdt), o] ShSo] 22 TUEL BekgolE 275, Zof AT 1574
N4 Rt Afstol] ERE FA50] 47 T Hof o] HEo| AMS Qo] Fx| ekoke-S Lhepdict,

Total Fixation Duration of Text and Illustration Areas

Table 100114 & 4> Q0] B2 U802 AAIH -9, SHIE2 Aglel Adtglo] 2ol &4 siZx

5}
S8 mE Q7L w3kE o] 9ol Beta Atslol| Alide mAsigit) Eat, 23} Abste] S7H4dol Qe
e st o] = A 14 Al7to] o] Ak

i-.l
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Mathematics Textbook
Table 10. Total fixation duration of complementary text and illustration
(Second)
Presentation Method Supplementary Content Supplementary Content
(Equivalent Information) (Non-equivalent Information)
Task Text Illustration Text Illustration

1" Task 8.69 744 834 2.03

2 Task 5.10 8.92 8.68 7.33

3" Task 3.09 2.85 4.00 242

4™ Task 538 453 10.00 446

5" Task 344 932 10.53 452

6" Task 344 49 487 252

Average 4.86 6.33 774 3.88
A% ROl Yo et U182 Higro 2, o] £4) o123 BeiE B E w7} gl gl Bk
MBS SAISE o] F-E Al 7HA] R o= BRE 4 Ut A, ‘SN Bl ZAIE S5kt ek Hot
ATk A, “NIHE o] &aliA EAE W F= AL Adoto] &A4 siastint” = thEsich AR, J7 5t
AEL I BT BAIS slAsAIT, B B8 57] SieiA Atshe ARSI ek Awgich Ak

O

Fig 18] Alo|2E5toj|A| & 4= Q10] SMYE2] Al o] 52 &Rlsh 23} nix|u}t A 195 &

of =go] H= EAAM Aldo] niE]Ee 495 wE e 4 A3t

4

Fig. 1. Gaze plot of complementary content

First and Total Fixation Duration on AOI Within Illustrations

}2-9] Table 112 23} A15te] S714of e B 27 Ujg-9] Alst U #A] o
Sk 7lo|t},

3ol 5 AIH 14 ARF

LY

o

4

A sl 2

e
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Table 11. First fixation duration on AOI of supplementary content

(Second)
Presentation Method Supplementary Content Supplementary Content
AOI of Tasks (Equivalent Information) (Non-equivalent Information)
1" Task Text 135 0.34
Speech Bubble(Key) 553
Speech Bubble (Question) 10.13
Object 9.06 10.49
2" Task Text 1.62 045
Speech Bubble(Key) 5.55
Speech Bubble (Question) 5.70
Object 10.36 1228
3" Task Text 0.71 091
Object(Plum) 3.63 5.75
Object(Person) 3.10 429
4" Task Text 043 0.50
Speech Bubble(Key) 7.00
Speech Bubble(Question) 10.39
Object(Egg) 6.47 7.33
Object(Container) 943 426
5" Task Text 0.65 255
Speech Bubble(Key) 11.21
Speech Bubble(Question) 6.98
Object 14.77 7.32
6" Task Test 048 1.30
Object(Jack) 3.57 7.73
Average Text 0.75 0.86
Speech Bubble(Key) 3.87 :
Speech Bubble(Question) 6.80
Object 7.55 743

= 712 A4 MY R EolA] SIS B ol TN 22 WA 911 ke A8t & 24 ozt B

A5 222 Glas AlMle] BEE U9 2 oy 57 R E Eakel BEA Ulge) A9 syse

BEAH oIS ERIF T 2Ao] NS £ 52 HYAR 2 o] v 57 AR E meels BEA U8l

s e] 2ao] et W2 A AM 14 ARKE 2 30|12 Kolx) eorT). e} HEH o] 49 B
(o)

HxA LH%—OJ A 9 F Al I AIRES 247 2= Table 129 2T
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Mathematics Textbook
Table 12. Total fixation duration on AQOI of supplementary content
(Second)
Presentation Method Supplementary Content Supplementary Content
AOI of Tasks (Equivalent Information) (Non-equivalent Information)
1* Task Text 8.69 8.34
Speech Bubble(Key) 261
Speech Bubble (Question) 1.11
Object 0.94 041
2" Task Text 5.10 8.68
Speech Bubble(Key) 243
Speech Bubble (Question) 0.24
Object 1.13 1.39
3" Task Text 3.09 4.00
Object(Plum) 1.20 0.94
Object(Person) 0.80 0.80
4" Task Text 538 10.00
Speech Bubble(Key) 1.17
Speech Bubble(Question) 0.36
Object(Egg) 0.61 0.83
Object(Container) 0.87 0.53
5" Task Text 344 1053
Speech Bubble(Key) 2.76
Speech Bubble(Question) 0.72
Object 0.90 0.81
6" Task Test 344 487
Object(Jack) 3.80 1.32
Average Text 4.86 7.74
Speech Bubble(Key) 2.99 :
Speech Bubble(Question) 0.61
Object 1.71 1.17

= OH| 57H 4 HE et B2A U89 skgAta 2 = =Tl @) »=Al 24 @ s &A= A
AE 22 IS 2 ] v 57 EE 2ttt B g sheae 2 e £e2 S 2
2l 25 aL 2ol thet & Al A et Algko] Afstol] gt F Al 2 AlZE Hok of 6Hlf o AT o] 2
AT 2 tiH| ¥ 57 S 2T A g0 2 FAIE sk shsoe] MgellA gt B 2
AE S AsIT” s o] B ek Tk AL A5 e W83t YIS,

Discussions

Characteristic of Students’ Eye Movement on Essential and Supplementary Content
I Ulgo g ANE 3, Al s 2 2ol Adetel] Al 1A et F Algko] B2 UG Z]
o} o)== =44 Uj-g9] At TRAoflA RE A E7} Zof ZEE]A] oot S0l AehE 44 o g i)
of 37| wio & s Algk 4= Qlok RbH, B2 A Ul-8-o] 749, A s 2ol B gt A HI} ol 2FHE] o] Rl
Aete B2 g siEE 4= Ql]lth o] Kang et al(2005)2] Aot Y25t "4z g0 2 415tE A
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AJst o] SPYE2 AFSHE Tt B 227} obd "ol HH Y0 2 Q1A5kal -85k AlAFHT)

Z Al 2 AlZtoll= Zol 7t Qlot BE s 2 A s 2 IHollA 23t ASHE B Farstel). o] =
A ZA7EE0] WAl 97 Mol S ER, 22 Fofl BA| -2 olaletal AtEtE o] &ato] #4 5
A IS AlA o2 et Ao & s Ale 4= QT AR HEo| M e SHEEL 22 WA YL Afshe 3oL
sto] B4 a2 1S wES kol S 2ot} o]2fsh Axb= st o] et id 2 sk o 2 st
S 4T 25 W8-S olsfishths A3 A (Kim etal., 2021; Zhao et al, 2014)2} M2k Zro st

P47 832 ohel 571 RS e B UG o] 3 AN Y ARk B A, shYse 2
2 92 3 SR A4S o] 5319t S5 WEAlo] T3 Aslel 29, SSS I BEHEA) Y
FAABEA £02 AN o) 53 ol SSo] BA| 2T AP OT BAY HHE WA 2
of g M ALGSIL 122 Sfmldtey 5, thes] 2 ATEHE A9 R B o] ofujeh, B4 s

HRE AEH 0T Hefaht 522 HolE) of2d At Aol SAte) EPA EAE ¢
A7 (Lim, 2023)2H% U310, SIS o] Ak Alsh} bl AIAIE ) Al o] 5o shlo] 7z
o2 At

ﬂ'iﬂg
ikl O
= 9 ox &
39,
d

24| 512 27] Aol E EAI] oJn]S Bolsk TESHE 914 F5o] 22 Yol £AIS A
ofshatel =i} 37l AL HRI50, B4 UG het RS BEAS F ol A 1Z43ck. o TgolA
SIS Al 4 T 282 ojgi Fastol BAlol cieh Al sh2u BT A AL TS sk
AR

23k ATake] AIA] e JRelo] S-S BA| i B 23 1Sk & TEAE) T BA BE
ol A4 Tk Aol ST ol ShAfEel 2] 51 TN S B Aistel 7ol U5
32 o]}, Zhao etal. 2014)2] ATOIA] =08l A1H] 9] T APPEStcy SYEL 24 3
270l BAES olaH5t] gIste] BAIo} B Aot HES WEH 02 AnED] BAS ofaHstelw 2]

s zoz 249k

Characteristic of Students’ Eye Movement on the Equivalence of Supplementary Content

=T AEle] 7R wAIglo] BEA Yo g FA|E s 43 2 22 WA YA AR Al S
o] 5ot S8 HAUTE 12|y 2 OiE] 57 AR E IR B A Y8 o7 ZAIE siAs Y=L A
3t & Al 2 Ajzto] 2 tiH] HIS7H RS gt HE A Ulgo g2 ZAIE siddt sHEe] 4T

y;

o} 2gir} ol shiS o] 23} Alste] WA QIAJSHE 71 S o) the-g uht 2 BHsH) <)
ASIAL, B4 30 o] S 283 4 QA Weke A2 AT B3, 2 o] 57 RS ok
27 Uhgo] B4 s 2o] Ego] Hrk A sy 5ol AlshE BS 4340 Hae e e 4 9

5}

o] A= BAERL A1Z 2k R 0] 57 o] Shgel mlX| = S B S| BojELt
o2t A Bk st W8 et A4 1 R4 E] (Mason et al, 2013)E SHAL AAA =27t X194

A S W(Ryu, 2013) 1ol teh A4l 3175 AJRho] Sofdth= 71E2) A7) Aot deeth A st

58 -‘*]’ 7|5k AOHH“ SHASE 57z g E ot slth
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Conclusions & Implications
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