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Elementary Teacher’s Science Class Analysis
using Mobile Eye Tracker
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ABSTRACT

The purpose of this study is to analyze elementary teachers' science class objectively and quantitatively using
Mobile Eye Tracker. The mobile eye tracker is easy to wear in eyeglasses form. And experiments are collected

in video form, so it is very useful for realizing objective data of teacher's class situation in real time. Participants
in the study were 2 elementary teachers, and they are teaching sixth grade science in Seoul. Participants took
a 40-minute class wearing a mobile eye tracker. Eye movements of participants were collected at 60 Hz, and
the collected eye movement data were analyzed using SMI BeGaze 3.7. In this study, the area related to the

class was set as the area of interest, we analyzed the visual occupancy of teachers. In addition, we analyzed
the linguistic interaction between teacher and students. The results of the study are as follows. First, we analyze
the visual occupancy of meaningful areas in teaching-learning activities by class stage. Second, the analysis of
eye movements when teachers interacted with students showed that teacher A had a high percentage of students'
faces, while teacher B had a high visual occupation in areas not related to classes. Third, the linguistic interaction

of the participants were analyzed. Analysis areas include questions, attention-focused language, elementary
science teaching terminology, daily interaction, humor, and unnecessary words. This study shows that it is

possible to analyze elementary science class objectively and quantitatively through analysis of visual occupancy
using mobile eye tracking. In addition, it is expected that teachers' visual attention in teaching activities can be
used as an index to analyze the form of language interaction.

Key words: mobile eye tracker, linguistic interaction analysis, eye movement, elementary science class analysis
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Fig. 2. Experimental design of mobile eye-tracker.
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Table 1. Analysis framework of linguistic interaction
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1. Attention
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Fig. 4. Visual occupancy on the introduction stage.
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Fig. 6. Visual occupancy on the development stage.

EHUA el QB WA ok}

4
2EHAL, G4 AYIE 44T o] nH
A Ggol &g 7 o2 sl Wt AL &
29l Q23 w4 Az BT A2 AL 5
Al vebger, g wAl B A3 U A
ol 43 43 7178 ANsn 4YE AP

t}. @Al BE Ad 71?-54 2 AFARS FYE
o P& TUHPN 1, AT HEE A =8}
7] 8 AR <} WM 2o =& A7 A
F7F Jebst) ole mAke] 4 Fejel wet
FEESE AAE F9olA & AAH AR
£ yehdthes AS on|dit

AN AN g o] gle X
el WAL AE 8.4%, WAL BE 29.3%2] AlZHA]
TE Btk AAR 9] ol S3AE A
FA W, W s FH 53 2ol AH
A wele] Alzto] et wAl Beke] QI
Aol Wt dEy HHEA G o
Aol B2 AAE FA Furh e sl AAl
Y Fol WA 22 A AA mFARES
gtetstr| & A edrt whebA] FlollA] mAake] A
A w AIZE =ol7] flalM = wAke] el gt
M{pHoln FFAQA £ o] a3k et
ARG £ AZE Bl A wg At 48
ok AR Folal, AAl WA Rk Blo]

K

oft Jo

o

[¢]
=

P

dr Y ° o &
mz_‘

=3
X

[e)

= 9
Oeiiep
3) "l Al mstEESa HE dY9
ANz MRE

WA AT A DA BYE(35.1%), S
B(153%), ] D2(11.9%), AFAR(7.2%) T2



<oiPie> 0|58 ANEHI|E B8

2 A7 AR B4 ekt 34 B A
Hl 0] £(9.2%), B2l #(3.2%), Sl Ld=(1.7%),
WEAR(15%) w2 AZHE AHErt w4 v
WthFig. 7). A2 9Ale $92 vHelshs A
2 sEae] Mg 25 5o sl
A Bxe 2 mEdeA] Feldhe ot a
Ab AT AP EHE Al e e et s
A 623%9] E& AAA HARES Bl W,
WAF BE] 75 64%2] HE A A RES HS
o wAE BO] A =9, AN, el BE Gl
wshg g #HE goM e AAA i

2. WAL-sHo] 2101H MSEZ0Me AlZt
N HRE

WAL Ae O] ¢lo] A Ag A gAY
=(53.8%), ¥ gl F9(7.3%), T 5(5.5%),
A HolE(3%), WLTAE(14%) To= A1 A
F=7F =4 YErsth mAk BE S Ete] o] A
o248 A I gl 99(30.5%), A DE(7.9
%), A F(1.7%) T o2 AAH FHErt
= e ThFig. 8). 2 Ae ISR AlAde
npER A SYEC] Zne) ofel HEE AGH S
2 gRlab7] S8l BUE st ke 2L vl
o} Wi, WAl Be SISO ortaFllA g
A 27} Fof] w5 2 A HAEE Kol
I ATk WAL Bok] QIElF A, < wAte Y 77
o] rfLEA] A2 FFE nfFER FOE
Yol Ao TR0 S ole R A

)
% (o

Fig. 7. Visual occupancy on the finishing stage.

=

S ZSTA T3 49 A A - 2458 NEE 309

g\;
ox,
o
ofy
ko
&
ofd

N

N
=
o

o
u
ro

4,
, 2017). SFAIRF W
23, 34 2UH
d 7, AT 5 HE, uF 354 59
WA QA o ® Qe Al tiek o =]
&2 A FI7t dojd & USS & F Uk
Fig. 9% A A} BS] dH3} o7 Foahg
oA Yehus AlM 425 vepd Zlelth Al A
o] 735, AlAde] BAES el n=2A ExH ] 9
om, 49 A7|7} F AR Kol 3A] AlRte] At}
© 25 g1+ Stk wAF BE AlAdo] 124 &
Eeo] 7= AR §A] AlRbo] EAl Vb
Atk el Fuagel A ARE =A%
A, AT 13} Zo] WAL AE E2 HEE Y
A& 1 A S she 4 AT
= A 5

i
o,
B
=
>
o o

nii‘%-lﬂ
4o 2
Mo
o
r 2
z g
F-?‘-'z&

of
off

v

!, H
tlo
-

=
K
>~
>
rr
L0
o
lo,
ofok
=)
=
£
o,

[o
of
A

A Ayt d=2e S &
U AAA Ko et al, 2017)9F
ot =9 @AY ug 25 E
7] A8 s HaE FofgHo] o
Azkolth. wAbE FE2HgolA S5
gEy oAth%elE A B F
< T U1, ol B0l FHd A5
= dFe $8% 98< Ik wA BE
d=27 Fo o
groltt. whelA

spagol i A7}

e 2L
oo
ok g

i
L rr

T
Q. ot
D=}

(e
ol
[0 o

ot
>~
ov]
fl
A%
o ox
alt
&
Lo,
o
folr
DL
N oofo = Lo
2 T o ¥°

i

)
N
oft o X 2S¢ 1o i a2 X rr

A=
o,
=
X
=
>~
>,
N
FE
lo,
>
r>~
2 o
,
2
o,
o,
El 22
o oXx,

Tt

k|
>,
>
to,
oo]
1o,
>
rx
) ol
f
He
1%
o
oft 4



F‘Q. ...

g:a

Teacher A Teacher B

Fig. 9. Teacher-student interaction scan path.

%k AlAle] g Elojo} BT Kim@0l4el T2W, & 91 Q018 © Wol AHEIANT, ol ANFA
o $AY0] 01% RPHA Tt QFE A0E A o] AZ3 Bl O A2 Felh e
2 % 9, 0237 AR Hon FAF A3 DAYl U SelA Al Sel A%
Ao®, 0327 RAHR AZA oz oleld Ao 2ol AN wBE ol FUUE FHT & G,
2% 5 ga dgn ad AR B4ES 2T @A BE SWEY A2 e A48 et

N

=
Ao Em dF g $A] ATt 03% o] A<l
o] 33.6%%1 Ao Hol APEA T & &
of on A RUE st vt & 5 3l
AL BE €7 995 12 AR 1 g J,
AlZko] 03% o]0l AL 35%C. 7 JHES
A Q1A8HA] Fata wEA FolHe WY

E]H

syt A4S o 4 ok ke
A

WA A9l HlEl A Vb, o 2 Q18] wAF B
A&eA g FoE ol87] AT 7o HF
o] Agke Wo| A}L3 o7 AgHn) wral w
AL A, BE BF 39| JES S8 A7 244, ¥l
e A e U nes a1esta 9191, WA BY
2 A% AL 9 o Asse 430 9t
o

|

>kl ok s

_‘24_, [o oX ol -

R

2 AAle] el A e Akl sl 7] ) oAt EFT| o] ¥5EE BY
Aot A4skA] ZTh(Brophy & Good 1986). oAM= Al Alal B 71 2R B 8}
WAL ARG T o] St o] Wl b gFAl) Qo] 4aAe-g onjdla, EeFTlE o

% 9.3 ¥o]7] ol (Wubbels & Levy, 1993; At AlmA S 7 2R e wAREAY] o] A
Fisher & Waldrip, 1997), wAFe] &3}A Q1 Aoz A 5282 on|ait}l, WA AS WA} Bol B3| sHA
A BAshe Ao g HAg Al Ao F49] Ao Az zgo] =7 JERTHFig.
SANRE BlrE Fad A EE &8d F th 10). Seong & Choi(2007)0] AFZA 3}l wp=w WA}
Ax 1A B Hlwa] Mo Al & EFEtE

3. o7 FO0XIS ojy MSHE EM

1) Fo| IE odof 24

WA AE AA ] T F 103 Fof HF Ao "“

2 Agadn, A¥AoR Ay, w42 0 ok s
7ol Bgol 43), Wapd Boo) 33, g -

& 58 T AFol 332 Yepgrt wAb BE . .
A 59 & % 3438 39 % A AL ;

&3
‘.;]_. J—ﬂ/‘]'-q] XZ} Z}é %—‘9-0.‘ ISﬂ ﬁ_}\q %__g_o" Receiving Opinion . . Giving Help
B Teacher A M Teacher B
83, 974 WRL Fa o] 430l 18] Ik
WA} BE Ao H]&] SRS Fo] =S o]y Fig. 10. Receiving opinion and giving help.



of Ao F5AE =
WAL SFEAte] G S Ao A OJOM WV %
23 A 2 AL8-5] 7] w) &l (Kang et al., 2001), 3
At} shate] Aol Auate-g BHgto R &
AR AolA Foag W& AAS & 5 Atk
(Shin, 2013). WAL A& FE|E A8 A3}, WAL
AE f‘f“@%”?% 23l Aio] 114, T &
\:]'(Flg 11). Whdo] wA} BE ¢
WA ] 23l
w} AE 137@11 HJLoﬂ WAL BE 43
Aol g9 ARdAME 1A A
34, WA Be 1074012;13} WAF B AT 194 A
A 7R 24 A, AT A Al 1
ATre] BAl veRt 21 wAb 249 2dl AR
o] & A #HHo] itk mAte] A& A
Aol we} S5 At gge] Aol 2% ¥ 1 (Eom
& Lim, 1998), Aol Qo] 3582 ehgel o
o-"[ /g-iz]-s__o/] j=q= 4]0] = u:H_,_oﬂ J—Jy_/\}_/] ;qn
Bl wl$ $2.38}H(Seong & Choi, 2007). 53
Ao e AES B3 Jaatg Wl
of A abgel] FE A G |
o WAFE U2 AFA ] dd
7149 =3 Jasltt.

AR} 8Hy 7h o)A Aag gy B4 Az
= WA} AE wALe AEEkao] 923](61.3%), At
sk 217 shao] 4931(32.7%), Akt Rizo] 93 (6%)
o] oz Jepgr). @A} Bel A% mAkek WA &

Fig. 11. Question type.

B ESIA B3t 4 24 Al - 2FE - NSE 311

o] 733)(54.9%), wAte AE AL o] 403](30%), 1L
Abe} o] 2071(15%)9] o2 A Ueyith
AFAE 1A Bel Hlsf HE ek Ao A Fa At
& B]go] =Tt WAl BE A AR Qe RE
4] e g dojd Asago] WAF AR
o @itk ole wAbe] £ Fefol wheh wAabe} &
A 7E o)A s AL Fert Dk a, o] & <lg)
WAL AAA AR Dbl O‘E}h AR

g,

4) et £ ME B4

et ¢4 dgole o =
ol 2, S5l #e g @Al 2 &
A=A AHE Gol S Gl #4 A
T A A7} 1428], WAF B 2058 2 Ve
WA ASH BE B S Ak AE G4 719
s Ag7]7el W &o1E ARSI, WAk B
o 4+ A9 FToR wA ARG ¢ BE 249
S0l & At ol Aol #dd gole
Ab B3R 123] ARE-Ssith

et A T G ol AAE 2 s 5

el
&

o

FO

AEE E7] 98t Lo Hi=A] F 3t} AUk
e e AAe] S Ad 34 o)

el Quht AT G012 AT YA e}
717k 4470 ek e, wAtel B8 AR
PP AN e 2o B ALE

ofell thgt

el o7k G 8 sk,
5 fof

S A BT 29 F 42 AHeE dglen,
7 e A2 BE 3PN F01E gk

Teacher-individual Student Teacher-Tear Teacher-Al students

mTeacher A W Teacher B

Fig. 12. Linguistic interaction type of teacher & student.



b

312 Z=SHsnE H36H HM4Z, pp. 303~315 (2017)

WAL AL GRS 4B E e R E %
83 A&k AL WA 018 AR ek
a1, A FLe] thslel|A] Aol TS A AA o
e A% 49 fE Aeetd @it B

= WA AY B A F 63 frulE AHEPon,
53] A9 AWy 578 dAlelA ARSIt
ol 79 X7] B0l AR A U
S AF3E IS e 9 o F uAt
BF 97 #9 gle fe ARSA it
FH A 7 wAke] e Y] FoE HE
A7), = BH71E WA st WA FHel T
AR 42 7 f AP wAb AR
I} A - = 7k 3 913 (Kwon, 2006), 1
A 4 dEE A e S 2N T
oA GdoA Fo3 FHPFoR uHI

ol WAL A, B 2ol 4
It o2 el =

Nes e
ol gk Wt 7]

ofy

21 THShin, 2013). 4+
Ak frl o] Abgo] Z
o thak dolA it
Frof ARE-o] A A
o] Z gt

i

e,
ko
O]

B
oft
M

>

~
S
o

el B Agoln A, g~ 5o $he
& dols AT £ F Bad dold A}
&2 SAE ojdlst Folo W7t B Wk op
g}, Al PR LS e HER o]
g Bgo] B esi

CRAF A>

DAA L R~ D20 X uisete G2 2430

2O GNOIIQ? LI GIROMIR?

SS L ekl

DAA L R~ GF & OIOtEE 2 SPlsLIC

<RAF B>

DAB | R, OQ BEID] TROCIQ Daim, K, A
2 RPIH0] OIAKSIERA T BOH-C X, CF B oL,
03} OfAtBiErA0] OfF AP0l QUER| GJorg Mol
R, K eHE SHOF S A BILF S, R, G52 AL
of SHLM LB AL, R, 81 89 oD, S
2, 829 qolct HolMe.

o
Iv. 42 % Mo

o] Ao M e o|Fd A MZ2A7|E gasle] 2
= et 98 BT AT HolAe A 5
d wwke] AAY wA} F wolgla, 717} 4083t
0|58 AMZH7E Fedlm A4 £Y< &9
t}. 0|58 AMZA7 R 7|28 GTLET oA
HlolE & BAsl] msdsdEd Bad A74
A4} 9ol A5aes Basg. o A
A32 EYs 4o ARy AL got 2

AR, AAFH7) 2 gosle] mAle] 44 7 &
A 35esass gEy oo g A244
AL BT 5 99tk 4 wA ety
g2y pad oo Yot Azt FeEs B
o2y Al A AA B4 54 9gH=
NAol AZEE AEE dobd 4 99l o)
TAke] Az A5 @gdlo] YS9 my
Hel +F, e 3w, 14 2574 52 9
b 5 e A ER B4E 5 9es JuF
T3 wAlY SAARAL 23] 93 £9A
Ao mate] AH 24 ANE oju A 248

ol
8
_Qm

>
-

Aol th AL A

N
e
T
ut
rr
o
o=
]
1o
02&
offt
o
T
Ll
)
r 2|
i
ol
N

oft
o
M

i, Mo A
>,
X
P
2
o
of
:Iol:A

sy
)
ol
-]
rO
ek
¥
%9,
K

4, ol

ok

3

I

r =
o o
Og;,‘h

ol

ol

e ) 10 Mg @
Og:’,{’
off ok
ol

il
o
T
o of
o, 19
oft

o,
I

o

gl.'/

2 i
_>'4

m\u

4

o,
fol
Y
ojo
K

o
ftl
o
olo
>,
>
o)
o
M
%
o
e
o
N,
i
lo,
)
o o X
o 4 >

B} ARSI & @A}
B Qo] 4a%4S BhE A
F Ak A AN 2L 28
A Azsk 573 AN AL 23 A
g3 & 4 Stk olele AT Aake e
s8I ol Ae Wt Gz
s 2 FAsA Eahe 2R uAL] 7A-E ) 2
&8 4 sidh

AR, AT HolAel doid }EAe-g $A
27}, wAle) Aol 4544 Felok A £
o A7HA Felgte] BRAQo| S BAR 5
siek. A A A4 AEAel 97 W] <

ox,

=2

=

%JI
rH oon, ok

!

ol

Kl
S~
>
o 1o wo it x@ rx

ot
<

1

r\l
o

o] Ak

1

&
OHL
N o>

ot o



A AL Ao Az Bl A
44 34} vhehgta, Ak BE ¥
U egie o) A Bl Qoiq 3uae
7} A2 QgEe) 4 BEAe) e AL 9
wge Ea wake] A7 Fe| $4 A9 @
Aol Qold FBAE #4S Aok B4
& 9€ oz pud,
o] A7 ol o%F AH 4712 253
Fol g BAE o i@ 2k A
o e A glol dold FEA)

3

lo

offt oo

o K > %
El
~
>,
to
1o
o
(A
1
o2,
folr
LY
oko o

r&rL
Jﬂ&ﬁii&&"mbﬁ_&

oft
—_

230

TE== %F?é ‘:‘HOM ﬂ‘!‘
29l s Ao gt A3 :‘—3_—
AAE & U715 71 g,
22 o Zo] AT
S Agae] #Avtow
13l= tﬂoﬂt ojz]go] Utk ofH
1718 &43td ﬂ/\}ﬂ
o o o] % 01‘%71] B 9EA], Al
At T f°]:°ﬂ %
7}—6‘&401@ T3

o ki
N
M“i
_I\-E o o

o

-y r2 o A o ¥ R oM X R
i

o H

vl iﬁ‘ fr

EE

-0,

2 mlo
o
o
mlo

o 9
Mo £ 3T %
o 2L o -
T o U

22> = _%i - @ 2 1o
[
=
rJ
2
ro
S
112
i

phgoE o] AF Az

o B @ Rl Ok Rl ol Rl Ay i KA

Baek, Y. (2010). An analysis on the effectiveness of the in-
structional consulting - Focusing on the supervision-men-
toring program of Daegu -. (Master’s degree). Daegu

B ESIAS B3 49 BA A - 288 NSE 313

National University of Education.

Ber¢ik, J., Horska, E., Nagyova, L., Rebicova, Z., Palu-
chova, J. & Bajts, J. (2016). Tracking position, visual
attention and emotions of customers in retail store en-
vironment via position system, eye tracker, electroen-
cephalograph and face reading technology. 2016 Global
Marketing Conference at Hong Kong. pp. 494-510.

Brophy, J. E. & Good, T. (1986). Teacher behavior and
student achievement. In M. C. Wittrock(Ed), Handbook
of research on teaching: third edition(pp. 328-375). New
York : Macmillian.

Byeon, J., Lee, I. & Kwon, Y. (2011). A study on consul-
ting 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.

Carmichael, A., Larson, A., Gire, E., Loschky, L. & Re-
bello, N. (2010). How does visual attention differ bet-
ween experts and novices on physics problems? AIP
Conference Proceedings, 1289(1), 93-96.

Cho, K. & Yeo, S. (2013). A case study on effective tea-
chers’ discourse in science gifted class using flanders
interaction analysis program. Journal of Gifted/Talented
Education, 23(6), 1055-1076.

Choi, M. (2003). A study on the method of eye tracking
analysis based on the properties in visual perception of
user - With emphasis on the development of analysis-
framework for product design -. Archives of Design Re-
search, 197-206.

Chung, D. (2015). Eye tracking to select optimal adverti-
sing spots In subway cars. The Korean Journal of Adver-
tising and Public Relations, 17(4), 146-172.

Cortina, K. S., Miller, K. F., McKenzie, R. & Epstein, A.
(2015). Where low and high inference data converge:
Validation of class assessment of mathematics instruc-
tion using mobile eye tracking with expert and novice
teachers. International Journal of Science and Mathematics
Education, 13(2), 389-403.

Eom, G. & Lim, C. (1998). Extension of inquiry thinking
ability through the application of questioning model.
Daegu National University of Education, 3(2), 5-44.

Fisher, D. L. & Waldrip, B. G. (1997). Assessing cultu-
rally sensitive factors in the learning environment of
science classrooms. Research in Science Education, 27
(1), 41-49.

Geddis, A. N., Onslow, B., Beynon, C. & Oesch, J.
(1993). Transforming content knowledge: Learning to
teach about isotopes. Science Education, 77(6), 575-591.

Haider, H. & Frensch, P. A. (1999). Eye movement during
skill acquisition: More evidence for the information-re-



314 =SHstuF H36H M43, pp. 303~315 (2017)

duction hypothesis. Journal of Experimental Psychology:
Learning, Memory, and Cognition, 25, 172-190.

Kang, S., Han, S., Jeong, Y. & Noh, T. (2001). Compa-
rison of verbal interaction patterns in small - Group
discussion by learning strategies. Journal of the Korean
Association for Research in Science Education, 21(2),
279-288.

Kang, B., Jeong, K. & Shin, D. (2009), User’s behavior of
touchscreen mobile phone using eye tracker. Eromono-
mics Society of Korea Conference, 11, 403-407.

Keller, J. (2006). What is the ARCS model. Retrieved
February, 19, 2012.

Kim, B. & Im, J. (2014). A study on the schemes for
elevating instruction specialties through subject PCK.
Journal of Learner-Centered Curriculum and Instruction,
14(5), 1-23.

Kim, C., Maeng, S., Cha, H., Park, Y. & Oh, P. (2006). A
case study of the interaction between a novice science
teacher and an experienced teacher: Priorities about
science teaching and motivational ZPD. Journal of the
Korean Association for Research in Science Education,
26(3), 425-439.

Kim, J. (2014). A study on features of conscious obser-
vation of space and search activities for information.
Korean Institute of Interior Design Journal, 23(3), 117-
124.

Kim, W. J., Byeon, J. H,, Lee, 1. S. & Kwon, Y. J. (2012).
Gaze differences between expert and novice teachers in
science classes. Journal of Korea Association of Science
Education, 32(9), 1443-1451.

Ko, K., Kim, D., Lee, Y., Kwon, S. & Kwon, Y. (2017).
A study on the characteristics of empathy through the
Gaze of expert teachers and pre-service teachers in
science experiment class. Journal of Learner-Centered
Curriculum and Instruction, 17(8), 1-19.

Kwak, E., Joo, B. & Bae, K. (2017). An analysis on the
verbal interaction of advanced physical education tea-
chers in middle school. Korean Journal of Physical Edu-
action, 56(2), 289-301.

Kwak, Y. (2009). Analysis of professional development in
teaching practices of beginning secondary science tea-
chers. Journal of the Korean Earth Science Society, 30
(3), 354-365.

Kwon, C. & Lee, S. (2011). Science teaching professiona-
lism changes of high-career elementary school teachers
through instructional consulting. Journal of the Korean
Society of Earth Science Education, 4(3), 278-296.

Kwon, H., Kim, C. & Choe, S. (2006). Orientations and

execution of beginning secondary science teachers’ tea-
ching practices: Motivating and understanding students.
Journal of the Korean Earth Science Society, 27(3), 289-
301.

Kwon, Y. (2006). An analysis of factors of effective lecturing
behaviors in university class. (Doctoral thesis). Yonsei
University.

Lee, H. (2006). Development of supporting programs for
teaching consultation and pedagogical content know-
ledge by subjects. Korea Institution for Curriculum and
Evaluation.

Lee, Y., Kang, J., Oh, Y. & Lee, S. (2012). The directions
of instructional consultation based on teachers’ percep-
tions and needs of instructional consultation. Journal of
Educational Technology, 28(4), 729-755.

Lim, J. & Yang, 1. (2008). A study on the professional
development process of elementary teacher. Journal of
Korean Elementary Science Education, 27(2), 93-101.

Lin, S. & Yang, J. (1998). Biology teachers’ knowledge
base instructional representations. Proceedings of the
National Science Council, Republic of China, Part D:
Mathematics, Science, and Technology Education, 8(1),
22-32.

Magnusson, S., Krajcik, J. & Borko, H. (1999). Nature,
sources, and development of pedagogical content know-
ledge for science teaching. In Examining pedagogical
content knowledge (pp. 95-132). Springer Netherlands.

Mulholland, J. & Wallace, J. (2005). Growing the tree of
teacher knowledge: Ten years of learning to teach ele-
mentary science. Journal of Research in Science Teaching,
42(7), 767-790.

Noh, T., Kim, Y., Yang, C. & Kang, H. (2011). A case
study on beginning teachers’ teaching professionalism
based on pedagogical content knowledge in science-
gifted education. Journal of the Korean Association for
Research in Science Education, 31(8), 1214-1228.

Noh, T., Yoon, J., Kim, J. & Lim, H. (2010). Pedagogical
content knowledge factors considered by pre-service
elementary teachers in planning and implementing of
science teaching demonstration. Journal of Korean Ele-
mentary Science Education, 29(3), 350-363.

Oh, P., Lee, S., Lee, K., Kim, C., Kim, H., Jeon, C. & Oh,
S. (2008). Methodological review of research literature
on the expertise of science teachers. Journal of the Ko-
rean Association for Research in Science Education, 28
(1), 47-66.

Park, J. & Kim, H. (2013). A study on driver’s Gaze area
in variable road characteristics using eye tracking sys-



SIPES> 01EH AHFEIIE B2H ZSTAS| 3 49 24 4

-

tem. The Korea Spatial Planning Review, 77, 83-101.

Park, S. (2011). The reality of teaching consulting and its
deconstruction. The Korean Journal of Philosophy of Edu-
cation, 33(4), 87-105.

Seo, I. & Choi, M. (2014). A study on emotional touch-
point analysis by eye-tracking technology in dynamic
environment -Focused on automotive interior space-.
Journal of Digital Design, 14(2), 285-294.

Seong, S. & Choi, B. (2007). Case study on verbal interac-
tions of teacher-small group students in science experi-
ments. Journal of the Korean Chemical Society, 51(4),
375-386.

Shin, J. (2013). Differences in the evaluation results of
teaching behavior perceived by teachers and students.
CNU Journal of Educational Studies, 34(2), 209-229.

Shin, J. (2014). An analysis of differences between pre-
service teachers and career teachers of instructional
form using flanders interaction analysis method. Korea
Institute for Curriculum and Evaluation, 17(3), 115-137.

Shin, W. & Shin, D. (2012). Eye movement analysis on
elementary teachers’ understanding process of science
textbook graphs. Journal of Korean Elementary Science
Education, 31(3), 386-397.

Shin, W. & Shin, D. (2013a). Analysis of eye movement
by the science achievement level of the elementary
students on observation test. Journal of Korean Elemen-
tary Science Education, 32(2), 185-197.

Shin, W. & Shin, D. (2013b). Development of the heuristic
attention model based on analysis of eye movement of
elementary school students on discrimination task. Jour-
nal of the Korean Association for Research in Science
Education, 33(7), 1471-1485.

Shin, W. & Shin, D. (2016). An analysis of elementary

=

students’ attention characteristics through attention test
and the eye tracking on real science classes. Journal of
the Korean Association for Research in Science Education,
36(4), 705-715.

Shin, W. (2016). A review of eye-tracking method in ele-
mentary science education research. Journal of Korean
Elementary Science Education, 35(3), 288-304.

Shulman, L. S. (1986). Those who understand: Knowledge
growth in teaching. Educational Researcher, 15(2), 4-14.

Tobin, K. & McRobbie, C. (1999). Pedagogical content
knowledge and co-participation in science classrooms.
In J. Gess-Newsome & N. G. Lederman (Eds.), Exami-
ning pedagogical content knowledge: The construct
and its implications for science education, Dordrecht,
The Netherlands: Klewer Academic Publishers, pp. 215-
234.

Tuan, H. & Kaou, R. (1997). Development of a grade
eight Taiwanese physical science teacher’s pedagogical
content knowledge development. Proceedings of the
National Science Council, Republic of China, Part D:
Mathematics, Science, and Technology Education, 7(3),
135-154.

Van den Bogert, N., Van Bruggen, J., Kostons, D. &
Jochems, W. (2014). First steps into understanding tea-
chers’ visual perception of classroom events. Teaching
& Teacher Education, 37, 208-216.

Woo, D., Koo, Y., Han, S. & Choi, M. (2013). Eye-trac-
king experiments and development of analytical method
for a dynamic environment - Focus on automotive in-
terior -. Korea Digital Design Council Conference, 69-70.

Waubbels, T. & Levy, J. (Ed.). (1993). Do you know what
you look like?. Interpersonal relations in education.
London : The Falmer Press.





