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Analysis of Eye Movement by the Science Achievement Level of
the Elementary Students on Observation Test

Shin, Won-Sub + Shin, Donghoon
(Seoul National University of Education)

ABSTRACT

The purpose of this study was to analyze the difference between eye movements according to science

achievement of elementary school students in observation situation. Science achievement was based on the results

of national achievement test conducted in 2012, a random sampling of classes. As an assessment tool to check
observation test, two observation measure problems from TSPS (Test of Science Process Skill; developed in 1994)
suitable for eye tracking system are adopted. The subjects of this study were twenty students of sixth grade who
agreed to participate in the research. SMI (SensoMotoric Instruments)' iView X™ RED was used to collect eye
movement data and Experiment 3.1 and BeGaze 3.1 program were used to plan and analyze experiment. As a result,

eye movements in observation test varied greatly in fixation duration, frequency, saccade, saccade velocity and eye

blink according to students' science achievement. Based on the result of eye movements analysis, heuristic search

eye movement was discussed as an alternative to improve underachievers’ science achievement.

Key words : eye movement(fixation, saccade), observation test, science achievement
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K(saccade)?} -&-Al(fixation)2} 22 At
gl AlZHA HHE wolgol1 QM EE
9 (attention)2} AFF o] = AMAo] oy
A S0 9]l B8] K th(John ef al., 2012: Moore
allah, 2001; Robert et al, 2011). |7} Lol
o] G4t L FHAT FIPENEE =
53 SFHolgte AL IR H(Corbetta ef al.,
1995), AbgHE 73] tF2 A9 o2 &
&k 8 o) 2KRobert ef al, 2011), 7} SJZA 32|
£ 5% TR o|Forte A, E 9] oY
o| A 27} A2 E =AE & 71 §lthBermidez,
2012; Robert ef al., 2011). A}e] @52 Algto] H
© A3 Be i o) DepAa, A7 w3
FEE AEHom FY dHo] S8 ARE
o]THRobert et al, 2011). W&t HZL oD 3}
=7He AR #HAA Dot 7] e w9
A&Hola Al FGRF Y odE Ee

z
1 [e]
AUAE o9 Aol Ha FTLES
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o ot

olgaoFqt HTHRobert et al, 2011). ©]23
T QOB FoY AT Hoph @ Ao, #
g dTEEE 718 BAse e
Tl BEA] XA A FEL F Ak
A3} AlEF 2012; Slykhuis ef al., 2005).
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A gk oS Fal 9 ¥4 GAE
5o EAE WAL olo) w§A 28
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SAEAE Ate BRES
BAE A 4 59, B 51, 7% 59, FA
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5o® F 207 o] Aol ApEA o8 sttt

o] AT #E FelA ety A
FAEL] FFFe wAE] A8l 1E 139 2
AT Aas AR

A7k Ak At AE7t 2, 25 34
WEHF AL A} 3oz G 5o, A
A A AA, 23 48 9 4akE<] 9
7 5ol Fodstth. =Y SMI(SensoMotoric Instru-
ments)AFS] Experiment 3.1ZZ1:-& o] &3] 13}
A AAE T, & A8 A4 B
=ol7] fla 25 dRtEE 10Me R
of H] AFE A5} thHolmqvist, et al. 2011). o
H A5 235 FA6te] A8 Ame] AA e
AHE ARAG ST B A4S SMIAM iView X
™ RED FH|E AHgEl st e, AF AT 24
GAE AA AT AAR Y AES EESATH

3.

HE S-S doliy] el S ¥ As=
AAET AW 71(1994)7F ek TSPS(Test of Sci-
ence Process Skill)ZAAMAQ] dRIAALS Eaf <k
A A 2o A3 #F =4 2845 HA3IA

1™ 2).
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A& A (SMIA} Experiment 3.1)
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2= Aot 4 Shepard®} Metzler] 1971
Aol AHEE =2 FAFSE FE
3 BI)dA g 58S 2= Ael7]

2

=

d AAe a9 3% 23, A eHe T
1% (calibration)Z} 7 5 (validation) THA — A}
A ARTA - BF 11 - B2 499 DAolT)
A HA|, B (calibration) Ao A sFHS] H3 A
(target) = THA o2 A A3 FAYES AHS H
Aottt Qb W ko] VIR E B2 uE
o o] ¢AlE T & F4 AN vtEA
23K Holmqvist ef al,, 2011). F WA, RPEIE
(validation) Al NIA - izt F3e] Ho HA
(deviation)= X, Y& 25 0.5° o8t wjoll vt Al
AdE At s F4 AFdAME F
] A AAL gk 0.5° o5tE HA gor 8
Taka 917] wEoll (Holmgvist et al, 2011) X, Y=

7 1} Observation Camera &%

£e 5 A A o 2
= = b b =t AF
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o] %, #2 A& ou] HAF A} Huj 28] AlZE
o] Zag7] w&o 120,000 mse] A|7+S Hod5td
o, ZHE S 1S WA AA] g Fo 4
AABFATE A Fol7F By B Uike B4

At

P Aol A4 7 £F FA71E B3 2
7% AAE E9E + YE MM iView X™
RED 120

ARAL, A2 54
=
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M

89.7%ATHAE 1). Zhatete] AF ol e
A Az oF A £ 1o AA S
AT BE HolHE S HA Al7k(fixa-
tion minimum duration)S 92| Ao 2H =oF
T SAETLR FEE F dokAldAd T Al
% 2012; SML 2011b). 29 ¢HE $%5 34 o
T-9] 2A] AlZk(fixation duration)= 200 ms= A%
3 A7 gE-EoA AT 5, 2012; Tsai et
al, 2012; Liu & Shen, 2011; Cook et al, 2011), ©]
AFdAE #FZ HFx 102 BA 7a7HQ
% (effective eye movement)©l] tet T4 £ o
2 3t A, BT WE Alft] & 4R
&2 o]7] W&ol (Robert ef al, 2011) S-A] HA A]
ZH(fixation minimum duration)< 80 ms(SMIA}S] 7]
2 A% = AAste] EAsIT BE Foiate
ZF Il vk A WA -SAl= Robert S(2011)°]
2ok 2-Al 9] A (similarity) 2} 7 A (proximity)
T3S aefste] EA A A ¢ 8H3 THHolmgvist
et al, 2011). SFF+&Fol &g B2 dHoly &
To BAd gz SAIARE A3, A
SAlE, Y 7], B RkRlg, ok
T, ENHuEE, F 7wl Fof dis Al A A
10% F<te] Ho|E|S BeGaze 3.1% EA31% 1,
SPSS 100 BAZRZINES BFa FoES ¥4

549 BEE Rt ° 2ot AU B
FeE SA9 G5 Aol HF Bele]

-
=
ATHRobert ef al, 2011). TZ3}E Foko] SA] Al

g 1 %2 93 %4 Hl O E2 H3 71 712 713 74 B ¥2 B3 B4 HP
D.X[7] 04 04 03 02 03 05 05 04 02 04 01 02 03 05 01 032
D.Y[CM 01 02 02 04 04 02 05 05 03 04 02 04 05 05 03 034
TR [%] 958 942 885 942 920 920 847 940 84 8.8 943 850 8.9 86 833 89.7

T ¢ O O @) o) @) x @) o) @) o) o) @) x o)

T4 ¢} 0 0 o} x x 0 o} 0 x x 0 x x x

* D: Deviation, TR: Tracking Ratio, O: %5, x: £8
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A8, SANRE, B A7), oA,
o ek g A0l e FAZA=
2t
wE g A3ete] AH et #F EAl
A5 A -$AIAIZH(fixation duration)Z}
A7 (pupil size) W3}, =F & (saccade dura-
tion)Z} E=9F £ (saccade velocity), =2F H &=
(velocity peak)= 7HA| 7+ &3 A lA BA AL
2 fron|g atol & KAtk AR S A SAA
1w A7) Wshe Ay A e wE
zpol 7L o] FF 05 FEllA BT fonlsiit
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kA 7Ksaccade duration)@} Hit =9F £ (Velo-
city Average), =F 2|t &% (Velocity Peak)oll o gt
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2. SAet 3 3|0 tHst A=

SAIL] AEAITHE Q1] BAT gl nhEt
OE S YA BE 200~300 mso] 1L,
&2 30 ms =] A Alto] A TK(Robert et
al, 2011). Al AEE d& IX4 B34S 4
B (21943} 21%E, 2012; Goldberg & Kotval,
1999; Chang ef al., 1985) 3 o] S-AJAIZk2}
3= A1 719 (long term memory) 2.2 Mg 7}
S0l w2 AF|H(HEAF T, 2012; Slykhuis er
al,, 2005), 238+ HHo) i3k 7jele] oA At}
Zolthd@ a5 21%5&, 2012; Henderson & Holl-
ingsworth, 1998). 18 4c]lA] ¥l #z FhA o] ek
Fof wet $F, B, V)23 SdAYES AOFD
(Average of Fixation Duration; 1 $-A] A|Zho] &
7kt Ao Jehsth B AAET WEF
Z Gt AT 713 Aoz Kol 7188k
BEH7F S o] 2HEET S EACA o B
< oEes A 9 &+
gk, Fxlote] 739 Tof w2 AOFD
] ¥gl7} w5 At o]
of ZeEe} B o
A AtLE A BEthe
o o dME FHgYEY A Zewst
Al Al 2.8]8 TOFD(Total of Fixation Duration; 71
A Sl AZH7E FAEATHE HolA & Zols
UATHLH 4).
T Y] g o FHIAY FAH =
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e

o M e rk
o fr
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ok

L

=, ol
o tlo

s FHus A B F fol2g
Fixation Duration (ms) 3 610,641.898 19.450 .000
Average Pupil Size X 3 402.035 276.888 .000
78tete] 3= Saccade Duration (ms) 3 72,672.639 7.854 .000
Velocity _ Average (°/s) 3 39,345.323 4.256 .005
Velocity _ Peak (°/s) 3 600,136.794 7.508 .000
Fixation_ Duration (ms) 1 579,396.366 18.454 .000
Average Pupil Size X 1 35.224 24.260 .000
HAEA Saccade Duration (ms) 1 25,963.733 2.806 094
Velocity _ Average (°/s) 1 44,361.085 4.798 .029
Velocity _ Peak (°/s) 1 773,327.897 9.675 .002
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A AT 2 Al
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E 4, 2o 2dEE RRAgS R dig ARSA S thEHlal
Eaiian Az #l#t (3) Hit 2 (1) R o8-8
HE 3 -12.2963 8.59150 480
ERE HESE] 4.1190 8.53377 963
L] -29.3957(") 8.11488 002
ERE 12.2963 8.59150 480
LR e 16.4153 8.83729 247
Saccade Tukey 8 ~17.0994 8.43349 178
Duration (ms)  HSD $-5=gtey 41190 8.53377 963
e B o -16.4153 8.83729 247
FR8 -33.5146(") 8.37467 .000
8 29.3957(") 8.11488 002
e HE o 17.0994 8.43349 178
HEX 33.5146(") 8.37467 .000
B 3g 13.9039 8.58788 368
ERE HESE] 12.5987 8.53018 452
FAE -10.7122 8.11146 550
e -13.9039 8.58788 368
HE 3 e -1.3052 8.83357 999
Velocity Tukey FR8d -24.6161() 8.42993 019
_ Average (°5)  HSD S48t ~12.5987 8.53018 452
e HE o 1.3052 8.83357 999
FR8E -23.3109() 8.37114 028
R 10.7122 8.11146 550
LA HE 83 24.6161() 8.42993 019
e 23.3109() 837114 028
B 3 10.6525 25.25105 975
e e 487819 25.08139 210
e -59.0407 23.85023 064
e -10.6525 25.25105 975
HE 3 MBS 38.1294 25.97345 457
Velocity Tukey Fx18H -69.6932(") 24.78664 026
— Peak (%) HSD S8 ~48.7819 25.08139 210
712384 HE o -38.1294 25.97345 457
FR8 -107.8226(") 24.61378 .000
AR 59.0407 23.85023 064
7718 HE 5g 69.6932(") 24.78664 026
ES = 107.8226(") 24.61378 000

* 05 FFIA FFAE F9 T
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35282 / 34830 32311
30000 J5661
\I// \l 26280

25000
A

20000

2} Xk e Xk e ——1 TOFC
£HE 1HH|'E AoFD £HE IHA|'E ToFC
—=—2 TOFC
—4— 13 AOFD =4 AOFD 180
160
155
K 135___,...--‘""
3729 140 138 -
120 B T
100 P ——
2119 108 103
80
o1t 2085 0
a0
20
0
EPS us eTES o EPS =z eTES =3
——1H TOFD
TXH e A T LR e
BELHETOD o ror £ IHAI'E AoPs
45000 —t—11 AOPS ==45 AOPS
40000
38407
35502
35000 N

127
122

pES 2y

2 HE 7|E 23

" 3 SAJAIZHAOFD: Average of Fixation Duration), A %]-3-A] 21 4*(TOFC: Total of Fixation Count), Z#]-8-A]A]ZHTOFD: Total of

Fixation Duration), %53 Z7](AOPS: Average of Pupil Size).

I8! 4, #F 3AE AOFD, TOFC, TOFD, AOPS

Jackson, 1966), 532 272 ©7] 7]
& AuAL 59 AR

F otk agER 3o |
9} ## 2l tK(Daniel & Jackson, 1966). Z}8+e+d
F=oll mE AOPS (Average of Pupil Size; 7
3 A7)E BH A9 2HE) Sotetd F39
2717 ggtke Ad AFE9 A9E ¥l
& 99T Bl AAwe Gk AOPSTH A
Ao fFonlgt zto] & Bl A thsix= 7H<l
o AAA Apolel| oa FFe] A7} Aol7t v
A, ofH g9 H Fad wet w3 2717t
Zpol7k v Aol gk 37141 A5 Faf Yo
of @}, 3 AOFDS} TOFD, AOPS 59| &
9 Ar Aoty A eol mE Afole HE
+ AU, T2 ATLE 34 Azl 4
g AAL =72 st g 2 o] o'
olglg= AcAd e F7HY $5 A= 2

23}

Sd

EHAAIZIS SAIS0 TSt Zzt

25 Shde wE #A| fd FAA Y &

A1ZHe 2po] 7} A THLiu & Shen, 2011). 2 #+4]
gt Al 2 S she Bt AHEAY A4 &
= FHe-wAacoR oux: #lag-
#aQlo Fofrt Yol th(Tsai, et al, 2012). 9
S IR AR FAe] ANS w2
ook el AREHAT &, 2012). F9(atten-
tion)o] I AA, g FHAM dedt SA A,
AA, 71871, B FES e A A5 H
] 2] (pre-attentive process)ZHg &] TA S} EA4), o] &
AES Fx3}pstE 27 F9(focal attention) THA| S
AZItkar & 4= thRobert ef al, 2011). ©] S Treis-
man(1986)= 5% B3 ©] S(feature integration theo-
ry) 2.2 A™ 331, Wolfe®} Horowitz(2004)E M
EFA (guide search) ©] E0. 7 AW AW AT F0]
7 A o2 dojdtte A HalAe Fost
I Tk

% 59 AOFR(Average of Fixation Rate; “37F
SAE)Z B A S A T 12 o|uie] $A
o] st dojue= A G 5 la, 19 A
MM e e JH = wet dHAINE i

SAEC] 2 A7t fle Ae AU 5 it 8t

O
ol
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Fok

2% 14 1t AoFR

£+ 48 3P| AOFR

- = O2p0FR = -

“HE AOFR e

HEIA0FR

12 5 6 7 8 9 10 11
HZIAOFR

a8l 5. Feed A eE g AIZE(1%) AOFR

AR 4 BA A TR SO SAEo] Al FJek
o Hlg A sHA HolAl= A= el $A
= A Atny e Yeplle A g2 & e,
AOFRO| Hth= AL QA AL RE dh= AlRte] 1
g Atke S 9nsta, o) FRIEAo] o
+ AL A AT B3 A AAnAg e AR %
=t sy @ sigos Audd ¢ gk

Fole @AY fidd wet AR, 79 o]Fol
AgHoln AR} Ax2 GAGH] Fu w
3 =S 271w & o 100 ms =4 YehtE
QA A F2)(exogenous attention)?} EA]|, Fzz}e
SJAARl w8 asta, TA ] onlE FE5)
=8 7 ms9] A7 27t WA 9 (end-
ogenous attention)2 T2 4= S\ THRobert et al,
2011). A Fo= was ojupx]uk YA H o]
D—’] ]],57(40]01}\1 /\]—Tﬂ—iﬂ— /\]7}0] T = _‘ﬂoﬂ 1‘4‘}\10]]
gt 37t Fse v, A Fole S50t
AR 2| &2 o] 3 ThAof gk BT} Qef A

S thRobert e al, 2011). WEbA 2Ews

TAYTE WA @A7F EAlsta, dEate] y
AA Folg 282 dit) 9o AF 235 E
=2 B, 78] Ao S YAY Fo=
°|Z 4 9l AOFRe] 7] wf o] FHAlof thet
o JEE e ofees A3 e AeE &
Tk B3 2118k A EdAE AE Fo
o #dH /‘o}%”i‘i}*‘ WA Fol 8 48T +
= £ o Bo| Fosjjo} gttt

oFof| CHet At
%= K(effective saccade)=
7] el BREPI, AAEHS, JRE

S, JREsngEE tehd Aol A1
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