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Eye movement analysis of the editorial design in elementary

science textbook

II-Ho Yang* - Seong-Un Kim
Korean National University of Education - Ulsan Sampyeong Elementary School

<ABSTRACT>

This study investigated gaze distribution by analyzing eye movement according to the

implication of editorial design in science textbook. Participants were 20(female 12, male &) who
have over 70% of gaze tracking ratio among 45, grade 6th students in elementary school.
Tasks in this study were 5 images of official textbook and another revised 5 images, revised
by one of the implication of editorial design. Data from eye movements of students was
collected by Tobii X-60 and 15.6 inch laptop, and Tobii Studio 3.2.3 software was used for
experiment design and analysis. And Heatmap and Fixation duration extracted the data for eye
movements.
Results of this study are as follows. First, students pay more attention to the textbook when
the images about experiment or learning activity showed closely with the text explaining how
to experiment. Second, there is no significant difference statistically whether illustrations about
materials for experiments were shown or not. Third, there is also no significant difference in
gaze distribution according to duplicated description about the illustration. Fourth, editorial style
of concept map has no significant difference that presented with two pages over all or one at
each page. Fifth, students’ gaze distribution has longer fixation duration at blank parts
generally. In conclusion, this study clearly shows that there is interesting part for students
according to the implication of editorial design. And it implies to development of editorial design
in science textbook for efficient teaching and learning competence.
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Eye-tracker
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<Table 1> Participants

Name Sex Class Participated Task
Yang OO male 6-1

Kim OO male

Lee OO female -

Kim OO female -

Na OO female - 1-A, 2-B, 3-A, 4-B,
Lee OO male - 5-A

Lee OO female -

Park OO female
Woo OO female
Kim OO male
Ahn OO male
Yu OO female

Jo OO female
Kim OO female
Kim OO female
Kwon OO male
Nam OO female
Son OO male
Kim OO male
Jeong OO female

1-B, 2-A, 3-B, 4-A,
5-B
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<Table 2> Editorial Design Elements of Eack Task

Task Official Revised
as Textbook Textbook Construction Editorial Design Elements
Number
Image(A) Image(B)
Task 1 Task 1-A  Task 1-B Lab Experience Text and Picture that Describes method of Activities
Task 2 Task 2-A  Task 2-B Lab Experience Preparatory Materials Illustration
Task 3  Task 3-A  Task 3-B Lab Experience Expository Text about Illustration
Task 4 Task 4-A  Task 4-B  Organizing Knowledge Formation of Concept Map
Task 5 Task 5-A  Task 5-B Organizing Knowledge Location of Blank
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<Table 3> Official Textbook Image and Revised Textbook Image
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[Figure 1] Procedure
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[Figure 2] Heatmap of Task 1

<Table 5> Mann—-Whitney U Test about AQOI Fixation Duration of Task 1

AOI Group Task N M SD Z . approxnnate . C.O.‘TeCt
significant level significant level
1-A 10 1.44 1.76
Text B 10 508 316 1.514 130 .143
. 1-A 10 591 3.73
Picture B 10 700 508 832 406 436
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<Table 6> AOI Pixel of Task 1

Brain, Digital, & Learning 5(3)

Task AQI Group AQI Number of Pixel Sum
Activity 1 30497
Text Activity 2 42031 102410
LA Activity 3 29882
Hand AOI 26859
Picture So-go AOI 100129 223291
Hair Dryer 96303
Activity 1 29546
Text Activity 2 32074 90276
LB Activity 3 28656
Hand AOI 20768
Picture So-go AOI 30184 83527
Hair Dryer 32575
Table 58 o] &5 WS Adsts 23 AR st& AWetes 92E7E AR Sh3MAS W
gk A A& ARl = 06 oA TAIA L AA A A d&d = &S Bt (Moreno
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[Figure 3] Heatmap of Task 2

<Table 7> Mann-Whitney U Test about AOI Fixation Duration of Task 2

AOL Task N M SD Z _approximate _correct
significant level significant level
P t 2-A 10 1.75 1.57
reparatory 1,590 112 123
Materials 2-B 10 3.62 3.17
A 2-Aet A 2-Bell wel A AR5 Al Aal 2o oojx HArwHcoh F=o A4 "y, g
Aag A&EAIZ AR Fon|gt Zpol7t = S Bk 1gse wiAaAre 2 5 duk(HER
AE dolr 7] 9ste] Mann-Whitney U AAS 2 S, 2014). HE3t 2SI ELS A|ZHQ0 AR &
A5 Table 7). St Aol 222 (Chung et al, 2007) £ A5-9]
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[Figure 4] Heatmap of Task 3
<Table 8> Mann-Whitney U Test about AOI Fixation Duration of Task 3

AOI Task N M SD 7 _approximate - correct
significant level significant level

) 3-A 10 16.74 6.28

Expository Text -1.286 199 218
3-B 10 13.45 10.11
3-A 10 2.16 2.76

Thumbtack 493 622 631
3-B 10 1.99 1.79

Fig. 4= A3 th3t A7 F9 = Heatmapl & S AAIst v (Table 8).

‘/}E}L“ Aol FEXWo] Astel 1o thgk HTg Table 83 o] Abstel] et AW E T5 AA 9
o] x50 AAE A 3-ART 28X g frivel & Aldg AL At 05 FEoll A
3- B«] Aol Mds A ol dEd Mz ¢ EAACRE Feoug 2oz glAth A& AOIC
gk AL & Adrk vk FEXEo] Abstel o ek A LGRS Gt gho]l Al 3-A7F #A|
A= AZe] pol7h AA] S AS B T UTh 3-BREU ¢ ¥ olff= Al 3-A9 JAFI ¢
A 5ol Abstel digk Aol FHEA @S & Zom AMAuyio]l FT&H AAHo JoerE £
TS dSs W 9 FYE T2 AYET F o Aol7k o ZHol gj=dH AE o Wol A&uH g7
t, A 3-Bell @ FAEo] FEEEolet A ofj - o] o,
Hes THACE A Fve FHY AAolsoR A 1A ATE FHHeRr FHe Azl A
Kol o= HAlo] Fofdt AEe] EHY T 3 2 43 AdAAEE Fevh 2y FHEA #
o Ao wE AZFod= Z Aozt g, Ax4 FxE5Y WASE Sl doF FR
i g gtk oF AlZHA AHE Alole] A4S FIAZL F gle
A 3-A¢t Al 3-Bell wEl AT FoAE9 A3 2 Afoles FAEel I HEIF AR
AL A& ko] SAAH R FomgE Xl vt A#dEo] S AAS A XKdkH 1o digk A7
JEAES Lolr 7] ¢3te] Mann-Whitney U A FOlE 7] &olAl 87| o€t & 5 Atk
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AL gog 247 AOI1HS A4ste] 7 AOILH
¥WE Mann-Whitney U A4S AASF3tH(Table 9).

Table 9%} 2ol 7 el =2 tAp<le] w
A A& A grell= 06 FFodA AR
oulg zfol7k Stk B ES ©HE sAstr] st
o @ AOILwo Fo& ®ol & Wi Ae/d(&
A ZLA el = FoE5 AA T =
sk @ AOIo A it gtke] X}OVP U= ol A
4-A°] AAF7E O gol] wjE o2 Helth

TR B AR Xﬂ’\] Fel= g 3
o] drun o =2 AHE HAH(Sweller et al,
1990). A 4ol A ?iﬁﬂx}o e e AHdEE
oA 2 Aol7t gl olfre HAA AATE F= A
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[Figure 5] Heatmap of Task 4

<Table 9> Mann—-Whitney U Test about AOI Fixation Duration of Task 4

AOI Group Task N M SD Z approximae correct
significant level significant level
) 4-A 10 0.56 0.97
Title -.195 845 353
4-B 10 0.22 0.23
] 4-A 10 1.58 1.71
Strapline 416 677 684
4-B 10 2.88 3.48
4-A 10 29.88 12.10
Answer -.907 .364 .393
4-B 10 23.54 16.38
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[Figure 6] Heatmap of Task 5

<Table 10> Mann-Whitney U Test about AOI Fixation Duration of Task 5

AOI approximate correct
Group Task N M SD significant level significant level
) 5-A 10 0.62 0.98
Subject 1.714 .087 .089
5-B 10 1.75 2.03
) 5-A 10 0.65 0.76 .
Title 2.057 .040 .043°
5-B 10 1.74 1.45
) 5-A 10 6.79 541
Strapline 454 650 .684
5-B 10 8.28 5.78
4-A 10 7.57 6.05
Answer -1.663 .096 105
4-B 10 4.08 2.44

_31_



o)
A

Fol b

S

T

9
pul

ol
Aol 7t e,

[e]

i

i

)
pul

o]

o

i

s se] A

re)
th 1 Ay ZAE AOILE oA

om vl A=

g}

II-Ho, Yang & Seong-Un, Kim

ar M ﬂﬁm%%wwﬂlfﬂ %ﬂ%ﬂ%ﬂﬂﬂamw@@@ oo R
~ T < < ol ) g |
X m o WAI‘OI EE < EE N X o 1_J.ru_ EE ,1>.AII‘_|W_V.L X AT o mF ] U.:| ﬁl = J@l%ﬂ&
momw ﬂAdzﬂxﬂ%@%M.Exg%@chﬁfﬂim%ﬂ ﬂmﬂ%
JJ; memn%amﬂ'du.o_aﬂuﬂﬁ qam%?@ﬂu%%%@@ﬁﬂ do =y
v w — ] —~ T) T =0 — —_ — —_—
A R g i N R . TR NOGAC c
K —_ = < H_T ° HT X ~ E_v 2 s ﬂ__yl _zT ol ° Jl ,WU iy o ol H
N 5 ke K o = A of A [ B o wp 1o W
L L e I LT B S
of i B o LW A e i TN ER ooy RMT F kT
X oF RN e T dp A ooy g WP B T o W w5
B MR e NS EmTrc Sty Ry ST 2 AETW
E W0 or o = Mo yp W %R B X T oy A = 7 S T+ we
Py BT Tel awTx AT e - R
) ~ = or —_ — ) — -
T = ﬁM%E%ﬂ@Waﬁ%xmﬂmﬁ%mm@ﬂxwmm«%.ﬂ, M@oﬂ%i
Tr bdzcTEESE_TEEI g cEwodgTss ]
il S ~ Hw = wom R N2 e ol B o R :
Y wT Nw= P e * R e EER ST T g p DR
B CXCL BB S o oy TE 5N 4 WEE e Nt 2
B R L S o L B e S B TS ) o
iy W X N %) B Yo ylo 0 ) -~ — LRy -
7 9 T T oA U *XTEFT g ix X R g B
E O G S i - W= I Il o o
iJtumMﬁxuu&o%uﬂﬂaj%ﬂ%@ﬁmﬂmR %mumnagowm%oaﬂmwémﬁ
B B W ! B OB o - _ ;
g CE TN s gy PV sy Pz e w Lo
™~ N T T ) of ™ M W o W o 8 N T H T T < N ®N-
™ < W FH T ® NP RN K RT T X WEAHFRT P < G N
TR B 5 ad®@KT - FFT®A o XKW M T U =T
T AT WM TRE s F R L, Koo R N B N
~ o W Yo =o = =~ ok o 28 = < o g o el =o
o oy o s N o Fos ST R P e IR R S )
wd e T § E_iﬁéﬂmﬁuﬂmw?oo TERT RS T R
o W TETgALdTwETT W WAy TET W g
T M. WO BOTR LB Ry e F o= M F oL ®
prds pEE Dy i L A I A IS I <IN S
ﬂleox.‘.r@oPL]x_] R R L X 7d.|qHT_4_.1r,moﬁo H
L T A eI L apr CEBELTT IR R e Sy T X
M=o g 3 e N = v w ®
N N v ) ) N ~— XF —
ut,%wawa HE]XMMU%7#M1%|6L]MﬂV Wﬂw71rxioﬂuﬂum_m M’M
i e H =y o T T o 63
) T = T ) o = =y ] W ol = oo
Xgmmbde X PR _RFETmTw g%uu.mﬂﬂeumﬂg v
T CHTEEIE Sl 4R L5 T Lk mae b Ml
a ) = N S X vl
TEAH GV PET  mor e T Tty AR KT
ME _!L ;Oﬁ ~ Et I ﬂ Of ~ N ﬂyl DT.C 0 ~— ) T . X_l X X ﬂ
Z0 =0 = o o a2 oo Mo ol ot X N &E TR X b
SENTR omeEw Sy R 2T e PP ad
o BN Moo P emP = 8w < o) & o I
T e T o D = o T & 0 o) Mo S~ o e Loy B R o
=l o~ o i X o= e B o g w M o X
By N N W o R g PR oy s BQ NCE s
o T X g Mo T LS R TR R TS
) an) s m X R K N
ofp ook oo o gy W OB Y ~ o = = I+ ~ < — oy L
L TR AL T BTSN B BT R et
TP EFRLRTRS AR oA T FTp LT TR E R
WoHT W TXWPEFTTR WML MWL YRR T

A4

ki3

o] &3t

=

Al A gl o

o

ofol E A

=
=

+A)

kel
Sk

g ArE vk
=23

HAIZE

A

9

7}
_OA
Z,:

i
_32_

<
il

ol
A5

2l

°©

171 9
Fi

°©

A 7+

A

FEZ AA]
I} A =}

L

fu

3}
sark 1 A% BAROR 9

gl

sixlom, o

,_;q

.

Ju

1
1

Aol

27

Alof 2tol A

!
v g
A7)

Al



#¥Hn &9

Byeon, J., Lee, I, & Kwon, Y. (2011). A study on
consulting of teaching behavior patterns of gaze
fixation by using eye tracker: The case study.
Journal of Learner-Centered Curriculum and
Instruction, 11(4), 173-199.

Chandler, P., & Sweller, J. (1991). Cognitive load theory
and the format of instruction. Cognition and
Instruction, 8 293-332.

Cheoi, K., & Park, M. (2011). Visual Information
Selection Mechanism Based on Human Visual
Attention.  Journal of Korea Multimedia Society,
14(3), 378-391.

Chung, J., Han, ], Kim, Y., Pak, S., & Song, Y.
(2007). Analysis of

Accompanying Inscriptions Used in Elementary

Classification and

Science Textbooks. Journal of Korean Elementary
Science Education, 26(5), 525-534.

Hannus, M. & Hyona, J. (1999). Utilization of
illustrations during learning of science textbook
passages among low-and high-ability children.
Contemporary  Educational ~ Psychology,  24(2),
95-123.

Huh, K., Lee, J., Hyun, Y., Jeong, M., & Jo, S. (2005).
A Study for the On- demand Improvement on a
Textbook's External Format According to Changes
in  Curriculum. Korean Textbook Research
Foundation Research Report 2005-3.

Hyun, D. (2002). Analysis of the Textbook Editing
Design Baaed on the Seventh National School
Curriculum and its Improvement Plan, Bulletin of
Korean Society of Basic Design & Art, 3(1),
53-65.

Itti, L., Koch, C., & Niebur, E. (1998). A model of
saliency-based visual attention for rapid scene
analysis. IEEE Transactions on Pattern Analysis
& Machine Intelligence, 11, 1254-1259.

Keum, C., Boo, G., Lee, M., Moon, S. & Park, ].
(2009). The study on the evaluation of textbook
editing design. Korean Journal of Publishing and
Periodical Studies, 17(1), 7-61.

Kim, H., Shin, M., Lee, K., & Kwon, K. (2014). The

Brain, Digital, & Learning 5(3)

Types, Roles and Socio-semiotic Features of
Visual Materials in Elementary Science Textbooks.
Journal of Science Education, 38(3), 641-656.

Lee, H. (2008). A Study of editorial design to increase
the legibility of a textbook - Focus mainly on the
form of Hangeul, Journal Korea Society of Visual
Design Forum, 21, 97-106.

Lim, H, & Choi, J (2012). How to Share
Visual-Perceptual Concepts of the Editorial Design
in School Textbooks - Focusing on the Science
Textbooks for Elementary School Following 2007
Revised Curriculum, Journal of Brand Design
Association of Korea, 10(4), 285-302.

Lim, H, & Choi, J. (2013). Analysis of Textbook
Editorial Design to Promote Creative Thinking
with a Study on Enhancement Measures - A
Review on Elementary School Society Textbook,
Journal of Digital Design, 13(3), 255-268.

Mayer, R. E. (2010). The Cambridge Handbook of
Multimedia learning. Cambridge University Press.

Moreno, R., & Mayer, R. E. (1999). Cognitive principles
of multimedia learning: The role of modality and
contiguity. Journal of Educational Psychology, 91,
368-368.

Navalpakkam, V. & Itti, L. (2002). A goal oriented
attention guidance model. Biologically motivated
computer vision lecture notes in computer science,
26525, 453-461.

Ozcelik, E., Karakus, T. Kursun, E. Cagiltay, K.
(2009). An eye-tracking study of how color coding
affects multimedia learning. Computers &
Education, 53(2), 445-453.

Rayner, K., Rotello, C. M., Stewart, A. ], Keir, ], &
Duffy, S. A. (2001). Integrating text and pictorial
information: eye movements when looking at print
advertisements. Journal of Experimental
Psychology: Applied, 7(3), 219-226.

Related Ministries  (2013).
Project. Sejong: The Office for Government Policy

Government  Nationwide

Coordination.

Rose, J. M., & Wolfe, C. J. (2000). The effects of
system design alternatives on the acquisition of
tax knowledge from a computerized tax decision
aid. Accounting, Organizations and Society, 25,

_33_



II-Ho, Yang & Seong-Un, Kim

285-306.

Roth, W. M., Bowen, G. M., & McGinn, M. K. (1999).
Differences in graph related practices between high
school biology textbooks and scientific ecology
journals. Journal of Research in Science Teaching,
36(9), 977-1019.

Shin, W., & Shin, D. (2014). Analysis of Eye
Movement of Pre-service Elementary Teacher
about “Life Cycle of Plant” External Representation
in 2007, 2009 Reform Science Textbook. Biology
Education, 42(2), 115-131.

Sweller, K., Chandler, P., Tiermey, P., & Cooper, M.
(1990). Cognitive load as a foctor in the
structuring of technical material. Journal of
Experimental Psychology: General, 119, 176-192.

Treisman, A. M. (1986).“Features and Objects in Visual
Processing”. Scientific American, 255, 114-125.

Yeo, M.. & Lee, C. (2014). A Study on the Interest of
the Eyes Applying Gazing Phenomena - Based on
an Eye-tracking Experiment Carried with a Facade
as a Medium. Korean Institute of Interior Design
Journal, 23(1), 122-131.

_34_





