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Comparative Analysis of Eye Movement on Performing Biology
Classification Task between the Scientifically Gifted and
General Elementary Students

Jeon, Yerum - Shin, Donghoon
(Seoul National University of Education)

ABSTRACT

The purpose of this study was to identify the differences in eye movement pattern shown in shown in
classification process between the scientifically gifted and general students in elementary schools. The subjects
for the research consisted of 16 gifted students in special education center for the gifted at Seoul National
University of Education and 22 general students at G elementary schools. The tasks consisted of four hierarchical
biology classification tasks and one non-hierarchical tasks. SMI's Eye Tracker (iView X™ RED) was used to
collect eye movement data while the Begaze software analyzed the task performing process and eye movements.
The findings of this study were twofold. First, there was a significant difference in students' fixation duration
by students' academic achievement level. Gifted students spent little time on scanning details and found the
features successfully. Second, the process of the classification is different by students' academic achievement.
General students spent more time to gaze the salient features not relevant features. They had a difficulty to find
the element to classify.

Key words : classification, eye movement, scientifically gifted elementary students.

LM B yuok B R, A=, B, HeraTEe,
A B, A%, A A o2l ) el
A4 N Rdel wek A AAACR A $stths S WL gitkBalchin, 2008;
W59 BEXE F7FE o]ZolZ AAE &A8]  Choi er al, 2012; Kang et al., 2012; Taia et dl.,
=7F AR A7 ed T v o2 E A 2006). °1H g 75> FAe 54& ] 9
2 879 tEo] el Al A S F sto] A F 7 WS ARESklET, s
ek 238 ¢ Jes vdd usdg e ATE HEA WE AFAF o R Hrlete A g
< s FFAA Folok I SHddA IA she HAY 52 B3RS AHte Aol
W&o FeAo] ¥zhe 1 9ltkvan Tasel-Baska et THLee, 2009). 121} o]2f gt A7 EL /dW
al,, 2002). sho] 9417} Azjo] g sfoto] ol 7, FAH 4
olof we A FPUAAE W) Al § T BHo® g PAM FPL W]

Ao 54 % A ofol B A= #Ysle] o] Fol The SIS ZH=th(Choi ef al., 2012).
A gieh aelm Be A5 JASe] Awe  old uE BAS Fua A9 B &

E=—
=)

2015.2.17(& =), 2015.2.23(12) S 1), 2015.2.26(Z| &

E-mail: dhshin@snue.ac.kr(t! S

S



(72 MSERIHIM HHUTET Qusel PR T B F0jS - NsE 143

>

g7z 7Rk = AT H o] Bo
TH 3 9tk 2 F 3Rl ol EFF M =
AA7F S AAH R QAs] g Bt
o= ArRre g FA Y V|55t WHoR, <t
To] SAUAE FAHE PR HA] ojH
2o ¥h-got=7tE dobd 4 9ItH(Choi e al., 2013;
Shin & Shin, 2012; 2013). o}o|EA S Saf v
ko] A A el tigh ARAQ dlolEl & AlF
g &= 9l om(She & Chen, 2009), Hlo|EI &A1& &
3 FEE oA9A AHskeA AFHoz AEY
T A& WHol7|= SFtk(Choi et al., 2012; Kim,
2006). 3 o] = H @] FIEEolgs B
A, A2 A9 A RE dgtueg, Al AlnE
o2 Hudhe d Y A€ AgAES U
o= 3= AT 88 bed o s 5
2AtHShin & Shin, 2012).

i, B dgAFEo] TS 7129+
sl A AFLAHE AAIBL Tt Kim(2014)
< Aot A eEoA dAAES] #E 13
181913, Lim(2010) S72pAl ek ARA]
2% et FAe] #RHE ) o Fof| v
3] A7-3k%itt. g Moon and Lee(2009)
et g7EEodA 2594 T
2]

E4< W= S
&

ko

E

Rl ooz r =~

Jg

>~

]

PN

o]

o © |

R

SE 01)11
2

Morr o > A

Loy
o2
rob
o
ot

o
WS 4 9171 wZo] th(Shi
and Phye (1994)°l] TH2¥ RE }ste] F4lo] B
7} )3, BREES Bl AR
S 723 F 9on, Tgete Add o2
52 Apatin AT B3 QL o2 E

ofr
ok
2 o g

S QAT dlo] JIAH & d & Yok
BEFa7le @it Yo RE B33 Ay
A7A thFet d9ol 482 4 e, 1 Sl
A B3] JEgAe] ERE U8 B u| s
Ztet) ole 9 EAS Axwsin, ddse
gt BAA AR E-E HestAl Bh7] wel
=Wz}

o o]E X AEFAA ERe A& 13k
AFEo] Fag on|E Z-=th(Honey & Paxman,

i

o2

>

o=
RO

flo 4 flo

i =
oA oo mEt ERws dAEE A
< oJ9EFE & F glofof i Watson & Miller,
2009).

o9} o] Fa3gt B/ T8 e Adtd, 1960
ol o] & Hetu e Jetu gyl s
o 9ol BFE F03 247 IIHEE 191

(Kaur, 1973), ©] 3 SAPA, APUS, SCIS & 2009 717
WEHPAAE BRE B, 24 53 7 Fod
7128758 % shuE tHRa SABiKwon, 2006).

Kim(2011)9] 5~ Z3ellA Gty £/
Al 3 AZEe dntst g ET AN, EF5EA
T AT ] 953 A AEHAT. 12y
TR 7 Azee] ERAge FAHRJA A
o2 YA St

uhebA o] Ao BAL gAY dntety
o] AL B IAZ 3 FHA Ve

VTLES ATPo M, 2EIYY BRIYE
VS

1. A7 E0iX}

o] A4+ oonEga At AL %
o5 Fdete dA 1973, Ml A GRES
Y 26%E tFoR Stk Folxe BE
SHERY] FE do] dAFel| ApEAow oo}
Atk s FAATFY QEES T A
HAO = 0.5° o]atE HAgo R a738] Wi
o (Holmqyist et al., 2011) ©] Aol = A=
o X, Y& FFHHAATE BF 05° olatd o A
A& Agepdeh. w3k ks B4 Al HEE

2 H]-&(tracking ration)®] 80% F]RFQl gAY A

Table 1. Research participants

5th 6th Total
Gifted 6 10 16
General 12 10 22
Total 18 20 38




144 zSH3WS H34H H13, pp. 142-152 (2015)

TFAEY Fojste] EA A A sttt whek
A HEFHOZ BA fgiido] © AT Fod A= Table
1o A STk

2. 917 Fx}

o] AFINE GATYT ANy 4B B
FAEL BN 99 Fig 13 2 ATARE
Ak

E%E—%ﬂrxﬂ% AZHAHQl gARte 2 B ke
& AA Aes AR A, dE2E T ud
2k 18719] 7

g Al 47%&% g3tk A& e
A % Fetus 9 s

2 AA Be= "
39lT) o5 wiEe
A%E B 23 Ag4A 2 24 ol g 5
HEA oz Q9 sl HAS viow 4
ANt o, oo @ YL 2SS vk ¥

=

E
re
-
i
1122
>,
o
8
|o
£

0]
=
3l 120Hz2 A4, AdS 2
ol B4 SMIAFY] BeGaze 3.1

1 L

= ol
[ %
rS\JﬁG*

R

2 At

AL iView X™ REDE &3

3. A" MA|
o] Aol A¥ HAE Fig 29 2t

o] SMI
g} Jang and Shin(2013)

94 Ao A AFaF AE AA WS Hokel Ao

g4
2, 3] Hole] 243438 374dlel o) vkt

o]-:fLS,)_E o] A2 & EUslA A} &t o]

g A A AR EF/sHH, B (Calibration)
9 3 (Validation), A& A5
i dAR Yol & 4 Stk

APARE AT AT BT A 43
&l

F5 AA], 28]

A9

qrmred =

ER B 2 (8749 13 7] 5 BetmsgA st 9 eE B4 Arste) Hol2 53 9 oAl 4%)
v
| P 4% | -Amsle) gels 59 HEE A2
v
[ =azaa ] - Mkt Bxperiment 318 B9 28 AR AN A7 D PEa
v
| of 1] - | e 20 giom A9
v
| oagua | -auidvs dees 49 444
v
| A4 | - iview X™ RED, 1200z 53 4 44
v
* BeGaze 3.1 58 FH4 &4
1) B =
St v LB R AN £
Fig. 1. Research process
SIEEES = I | I | [ | [ | [ |
oOllsllall=z=llxll=llzll=lllz=llnllz=]lag]llz=]2
% % = A X-I | A X-I | eS| R-I | o I.I | Zq = A X.I |
g g | 3| A AN A2 A AL A
o 3 — — — — — —
3 - N
L 1 1 |

SR =MZ HA

Fig. 2. Design of experiment



TR YEERIAZOAM BftETfEYa st

™A B (Calibration) 2 7 5(Validation) T o
Me 3] B5x34E AAste] qAE] AdS
BB W] S v A 10% ©] % A}
o7} v, /MR MZ v RS dtal Y]
w o, B2 ot &5 FAAPNA wEA] I
23}cK(Shin & Shin, 2012; Holmgqvist et al., 2011).
T3 HSS S5t 9@ F39 Hd A= X
Y & E5F 0.5° o]std wlelnt AdS Al 133}
St} Holmgvist et al.(2011)°] 2™ QH &5 F
A Aol fRELe A} HAl o= 0.5° o5
#HA 9 ghow g7sta 7] W&ot

=4, @A AA HdME 5 1=
At A \A AA G F v fPoRE A

8 A 145 AT ojw AA] A= 3
Aatel nhe} FAR 2 AN H =E o), o= Al
AleAdl g M EIE wiAlshr] 913kl tH(Shin
& Shin, 2012). B3+ ek 7F A A AL Afo]
£ Yotr 7] flstoq ﬁrﬂl g e JPa; 2
2 2ET F =S St

BE MHEE %‘% A7 B &, A=
HANA g ek JAEFE et ol| A
P& FEH AT

4. EF THH o4z

lo
re
7
0|
=
El
MHI
Jx
[}
=2
ojn
>
omn
Fol
—
N
(3]

Kwon(2003)0] w29 38w &-o] weto| A HE
B #Ed gAszHE _1_5;(4_]4_ z]_o] e

% gtk skt WA of OE?OM% *ﬁ
%H%’ 478—% Gotry] Sjate] fIA0l = %"%
FaAlek Al glol B MFddle &
A= vrel sttt |A fiAI ol §le
HAe B, FFEE 24P e Het
AR7HEe] oS Ro} @ JM]D‘ X}%% fr
N2 gLttt 59
ARMEREE BYE 73%— e 87H JWE **
Aste] 13} ou] Aol ALgSISITE 13 olulAT A
JJr Yy 9 AP er oA A2 A6t

3, 47he] AL HFH o A ATt = 9
741*301 e EFIHA A5, B A dFE
A B EES 95 W& 70| EE 2~(Caminalcules)Z
AS AHEROH, of A Hgt 39 HAE 4
A A BEE M} 2 HIAAE AA HEH
o2 VN HAE AFagth of dAFelA A
A% A&E Fig l e 21t

of| H] &1 ol A AHLEJMJ} HFH ez A4y
A 2 A F 2 438 1719 BAE AHEA
2 ARG 2t AAle] AAEA = Fig 49 2
dom ALFIAE AT L3 FF| A=

mo;g
.l;
X ©
k)
;NB
=\.£

-
‘!&

A4

Fig. 3. List of biological classification tasks



HE

exercise2

Fig. 4. Order of task presentation

a2 AABle] Ao 93t
22k 3kt

g a8

5. RESY ¥ 24y

o] AT AEE SHTe-F F2]7] = SMIALY]
iView X™ RED JH| 24|, o] AH]|Z AL&3lo] 3
a7l AEEFIHAE ke B9 SHEF H
°o|HE 33tk Fig. 55 o33 A5H
< UEeRdTh

S ok HolHE s 22 WS
AHESto] Hlw B4

AA, JAHE dutegel HERFIA 9
A S v walr] Yol 73S AFEsTh ¢
Wby Qs A Jes SUHes T,
Bizel Aol 9 1 BNEE v S,
S, AERRIAE AT 0 BTEES A

Operator
Experiment design
Checking the eye
movements

Workstation

Operator PC
MewX REDSoftware
Begaze 3.1 software

Fig. 5. How to collect data using eye-tracker (iView X™ RED)

olo] SMIAFS] BeGaze 3.2 EAZZ 1S A}
JTh A1417d Z(Scan Path)E £41317] %’fﬁﬂ ok
= H2ARE R o] ZREZS B
= <
=

5‘
El

Q.
[e)

wmﬂ~

0:1
52
AT T3 AOIE A3t F ] Al
Asta Blwstsint o] wf, ZAE Aol
T 2 A7 & niete g AA3he
= 1, o]& Fig. 63 2T} AOI'E A& & SRR
AR ARgste] A 7 Afole] S A
E‘”ﬂr AR, ERag 2 BR7ls A3 ARQl

E1 E?SH FHE A8E FaE 390 dHE

o

r}L tlo

r_ul_xi—u

o

il

ma} AR H 4ol ARE @
=S sle] Wrzdd WHWS g

Participants

- Watching the stimuli )
Stimulus PC
Showing the stimuli )
lview XRED )
Aninfraredimaging system
Tracking theeye

movements Y,




Fig. 6. AOI of task 2 and 5
m. 944 Az o =2

SAIAIZE M

SRS EFEEAN EAE dildah] g ARt
< 7P AA AT E e e SAIA R N(fixation
duration) & #A3ke Zlolth 7] HA S ddste
g Z2d F SAARS vwstdey Fig 739 2
o GATAEY F SANNZY HES LR
Bl ok 102 o] BE Ao T JERGTHp<0.05).
ol 2FHFIANF ERAA Y &4 vet gl E

FAY B Aol S ol ERVES Y
wa] A9 EREEs Y AgdTe 2
FHKim, 2010+ L] g},

= At 7+ SAJA7EY] Aol A A ] Qe T
Ao A oS FeeAA debsth Aol e
Tl g2 Al A4, duketye] SAAZE o
Aetyel et FWRM EAR o7 folng 2}
o] 5 Holx] Ykth(p>0.05). W, YA <] Sle
7HA A9 F SANRY BEE vwd A
Ankstag o] GAJAZbe] FATFY R} 102 ] F

|

SAARZHT Fixation Duration

100,000
80,000
50,000

40,000

20,000 l
o

total hierarchical non-hierarchical

MY

W General I Gifted

Fig. 7. Fixation duration between gifted and general

Ao 2 JeEPTHp<0.05). oo thak fhele A}
AEIFeA 2E 4 Uitk

ol

AR 2 of2igid 2Hle Ralolgiu?
oA 58 2HQ.
IR O BRI ORE Of2AQIG DIGHe ROIO[QILI?
OITHA, &rg2 Bref %EWQ
IR D BXZ S HEe ROoIL?
OITiA: KAIS| NTHED NEFeRl QrRgH J2ie O
SHOITD At 218 25ofe.
25 O ofeigid M ROlOIgiL?
g8 58 2HQ,
2 IEPF O Of2YYE NSk Rofo|giL?
BB REQ £9 X ZafMQ.
(o, mbN Y DHI% sli2ggh HiEe RofolL?
OJEMR; SILSILE BRI HEES AT Q

u i h|.

A o] ol =7} ol $1AI 0] fl= EFHIA
AME GATAEC] A 54 9 A4S w
setatar, 1o W}E} SAIZE Yol R = ol vt
3, At Ee Ao YAS TefebA] Kot
a1 54E ﬁ}°‘61~: o B2 AIZHS AE-EH thKim,
2011) g I o] dol et w& Al e

2. A0 SAlE &4

Iursty 2 A gAY o] e EAS o9
ghebstar IEA A K7 98 72t IAEE Aol
g AAstd 1 sAEE AuEgrh 1§ gy
APE % SA|A|7H(fixation duration)o] thEdF AOIH



148 =1L H34H H13, pp. 142~152 (2015)

SAJAIZE H])E(AOI's fixation duration)S AFE3}e]
A5k

o] EFIANA etz AP FA
AlZHR| &2 Fig. 83 2ol Uetskth AAE 479
ARl AEE Tegd ouFoR RRY
=, ol #E F de WHY 54
ojth. Fe7t xFHE me) SAlE&S vl
FAFAES] SAE(M=40.02)0] LRI
AlE(M=23.005} froln|stA| = %ATHp<0.05).
W, B SAES vl 23, dAEY] A
E(M=21.62)°] LWEAYEE] SAIE&(M=32.44)°] H]
3 fFofnlstAl was & F Athp<0.05). ol &
& AR QTE T 82 Tt 2t

A i
AR

jas)
(2 oo

i % o

1o

Q4T Of 2HO I BAIGN B BEE OITIgL

oiC: B2l
CHPRN 2 BEQ I WG & MG ROO|L?

OiTHC: Q2| H2| Romt o2 20| ‘
GIAXE: O] BEXOfl DIRF AIQID 8 882 O{C|giL|?
oJgth: FOIR.

o|Z m|Fo] Hol JATYEL s}
& AABEE Ba EFsln J(Kim, 2011), &
WIS Gl HlE] tite] FEA &
Aol olaf) #FZH o] Malattt

AAGel e FHdES HA|(Task 5)olA =
Fig. 99} & Fde Both mgg $AIe vl
& duket(M=14.23)0] FA B M=29.67)ET} &
AR Z Fom|sHA AU™ v, 53 SAIS H|
& AR (M=55.16)0] A (M=36.15)E.}
=4 B HAE sl At vl Sl A4 aae
nejoly, 2 AlAA R FEA Holg 4

2 2| 3}H| AOI's fixation duration

SHEm)

30

20

10 I

: |

body head neck tail SAEY

W General @ Gifted

Fig. 8. AOI’s fixation duration of Task 2 & 5

Tail
n nia ] I P
Body » '
1 | 5 | 1
L P
Head u u
B | | 1 i [ ]
‘ Y seoee T a0000 T T 30000 7T
Al ZHms)
Tail
bt 1
Body b 1 1 1
LN B | [ SR L R
n o I 1 i
1] R S e 1B | [ ] '
Head i i e B R 1] [N R R [ B
I [} bt [ R e |
‘ “ 10000 " 30000 7 30000 " 40000 7 s0000 60000
N ZHms)

Fig. 9. Fixation change between gifted (above) and general
(below) on task 5

A& A ), JASH L Akt ol] mjs) A5
A9l B B3 BFHE obe b, guehye
FEZ SA o3 #EAS = A L F A
o ole #A AAE WA w IR ES
FEZ(Salient) A1 ZHA S o dFFS W
1, AE7FEE B84 B H52cKshin & Shin,
2013)= AgATdE dxe= Aot}

3. MMAZ(Scan Path) &4

A 2= @] b--E] 11784 (Fixation)
©} E9%Saccade)= YEM= Aoz €9 A7|7}
55 A8t Y Ad s 28 SAlYEE W
EpRdith

Fig. 109] (A)e 28] A A duketyz} o 7

SAIEGH Caminalcules AOI's fixation duration
50

40

30

20

.
o

tail body head EA|FS

W General Gifted



(OITER) MBERIHYM ISnisn guisidol o1 2S Hla BY : MojS - ASE 149

1

(A) Task 2

R

o
Y

i

&

(B) Task 4

Fig. 10. Scanpath between gifted (left) and general (right)

] A& BolErh gAY Al
< AR 2] Fel- 1] - 3¥e| -

4ol 2] o= gakd wad F 2wl - 1
of #- 30 w- 4vle] & TOR PR F PR
7S AREEs & Atk I, A
3, Ao e £HR He] % E5 vast
e, olw 1H$AF7E GAAA Hel AA
S wattt

Fig. 109] (B)x & ZAlA dwtez} gt
Aol A 13 vepdch GAsAe Al
o FA(FE, 4E) va- 29 Bl £og Y
Wtk oA Hlwd g3 Holglth vhE, gyt
g0 A& A9 Aol fla, FAI
W g Fdune] Fo] TR e et
1 SA F7F dAE] Bkt

DA FollA] Atol7t Fell = EF-eta, YRt

el gl Hal H Be $R1EE 44
d WAE Zanh AnAoR 448 A 7]

F St oAl FATYE Y, Ty
A3, & AANA AT E 57, Lty
g duse Bao] BERT #2E §

o & dlo (o rlo rlo

< |7Fo] A-—THKim et al., 2011)
T ATl Adtel dAshe dtolth

9 PAE9] Scan path B EFIY S AAH o=
A8kl 24t AR e Al o
& B AL Cho(2005)9] A= AlE 48]
At 3 BY RS A% 2SS HEoR
Table 29} Zo] F-23}elgitt. ol A eAp59] A
A7 2= BeGaze 3.1 “39IM Yehe 94& nig
2 31, AR FE ARRIERE Flee] £
Askich

3 % A G L Hel At 9
Hits Fagtetd ot 2o



150 =EnEIL H34H H13, pp. 142~152 (2015)

Table 2. Frame of fixation and thinking process type
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Table 3. Types of fixation and thinking process on classification

Participants Fixation Thinking Process Participants Fixation Thinking Process
Gifted A CBT-CBS 10-IE,IC-IP-IR General A CBS-CW-CBS I0-IE,IC-IP-IB
Gifted B CBT-CW-CBS 10-1E,IC-IP-IB General B CBS-CBT-CBS (I0)-IE,IC-IP-IB
Gifted C CBT-CBS-CBT 10-IE,IC-IP-IR General C CBS-CBT 10-IE,IC-IP-IB
Gifted D CBT-CBS 10-IE,IC-IP-IB General D CBT-CBS-CBT I0-IE,IC-IP-IB
Gifted E CBT-CBS-CBT IO-IEIC-IP-IR General E CBS-CBT-CBS (IO)-IE,IC-IP-IB
Gifted F CBT-CW-CBS I0-IEIC-IP-IB General F CBT-CBS-CBT IO-IEIC-IP-IR
Gifted G CBS-CBT-CBS IO-IEIC-IP-IR General G CBT-CBS-CBT IO-IEIC-IP-IR
Gifted H CBT-CBS IO-IEIC-IP-IR General H CBS-CBT (I0)-IEIC-IP-IB
Gifted I CW-CBT-CBS IO-IEIC-IP-IR General 1 CBT-CW-CBS IO-IEIC-IP-IR

General J CBS-CBT I0-IE,IC-IP-IB
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