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Batanero et al, 1997; Fischbein & Gazit, 1988;
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1 g EA)ED B 2 sastheld 9,
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AF o, Al Aol Ul FRe HU FolA
W FRY Ass PHe F@, 4 R 3
de FE3 AdgyE A F39 BAolmz
FAEE 2 FHeD FANAY 0 1S 2
of AT & ek 2V e FAE 2,
2,8, Al BelAl Y14 93 BE el
Fe PHel S0 2o B¥ f9e shysel
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Van Dijk & Kintsch(1983), Kintsch(1998)= |
2E¢] o]3] #AS o4t FHdA <H)
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%ol wdxy BAAE FBAYHoT %W
S HAE Bo FWEBC] wdx2F BYA ol
8 BhE + ok ol ¥ ATelME 24
23 BRAE £ T2h FYA FELY
Hoz WS AAE HAT W ATFeld
o AT £Ee ZHFoRM BA ols) HYe
w43 sk

Qzto] o e E w A2 tid AA
£ AAd] FolEe Zo] ol & AA
SR FEd BASHA Hed, olE
(fixation)2} F-Er} 18]t} o= £+ =
$AE Wl &Eo] =of oy
(saccadic eye movement)S ST
of 22 ¢& W A9 AHKARE
300ms Q1 73-¢-7F wom =of )b F2 30ms
AE 285 = WE o]Fo|Th(Rayner, 1998). &
Heo| 5oy APl SAlARE doju= A
oz dHA UTHHolmgvist et al., 2011). SA=
AZre] Folof WA #AVE e SA%
A Apole] Eobe Folel o WY B
AT Snowden et al., 2012).
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2 OE FXE FH A &4, 349 &2,
A8 Aol Fo] AZ tEA YT, 539
SAE EXE G4y] 98] BRI HARE A
FINE e el Ex3A FhDeAngelus
& Pelz, 2009; Yarbus, 1967). AZ+e] A& A4
o B we} dast JRE ] Sl
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1 Ao 2A4RG v e B3 3% 2
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A THRayner, 1998). AH&A ATolAE 31 SA]
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2 Yee
Kotval, 1999).
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o 71 SA Agto] ou] A5l
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Andra et al.(2015)+
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(Holmqyvist et al., 2011). &=
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A& ZF AOIe &3 34 3RE AoIe] WA
(pixelH)2E U Ztolth. RR Core Team,
2013)% o] g3l FTES BAFgoTH A

4 2 AN,

210 &2 EFETHb=-2.40,
SE=0.76, p<.01). o= APAFIAE £, 2005;
1997} LA 5h= Aol

Batanero et al.,

1 A A dekel f¥

FEEHE A ola FHAAolA Y] dTREFE
E2X317] 93] Hegarty, Mayer, & Green(1992)
7F Ak BAA sANA Y JIFEES A4S
71 93] e TREZS At AMEES
O ZRESE AP SR 2 =
o], 1 43 o7t &Haigle €9 ¥ME, &
Al Bl FRjE AA SA ARE 9 HiE SA

=AY R Yt slolt

IV-1]18] AAEE tgHE Z2EF
S <E IV3>olH, 28 V212 AAEEe b
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=3 _
< S Al Jultz | A 78 | ARE
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1 | F5¢4 A 1
3 z % Hj %] 1
g 0.98
5 | A 0.95
6 | =5+ A 0.95
4 | TEeY 23 0.86
7 z2 = 23 0.72
- YA 0.80
8 =4 H %] 0.72
9 2« 2 0.86
Fg e e Aol dE £IL ot

&, 2015; Hegarty et al.,, 1992; Susac et al., 2014).
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= Sl AFste] AT FAAEe] £d2F &
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AL 0 MY Fole Sk Thee T
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2 gztelae] B4R ols Tl tha B4
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W2 3dA ET

7} mg T A2

AR 228 F 7Hol o] HFHS
of EAZS s|AstAct <% V3> 7o) ‘A
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<¥E V2> ZF A a2 deellAe] b & al, 1992). °olF EAE olsfst=H Aol He

Sk @il AN T F=, 2%, AE OB, FETF}
e BH(FEEAAD Z(A, B, C, D, E F, G, H, W+ Tt’% =
A& 59 PAND| B MANLS)  opgn) Sass w8 AT e A
7é SE(%) 89.3 88.3 o) olule s N o e e
SA7Ks)  13.48(5.46) 18.29(9.76) dofdth<it IV-39] 510> F8= U F 7HA
g £ AZhms) B2 $HEe BEQR ol T F0l BF
-AA Y 192.95(35.67) 161.67(26.20) i} = W _
Exﬂau 196.13(38.15) 163.63(28.08) o A ARESS T EAEE mde
ERCE] 186.25(45.75) 159.32(36.83) TAET 2EA WA AT BiE HRES
o9 A 8N &G D Ef2 BA g £34 mdg YHow #
-AAYY  4.06(0.50) 4.67(0.58) . ]
SEAGY 414052 4.75(0.66) Asle Aoz dAdstinh
-R719Y 4.35(0.80) 4.87(0.80) AR, A AR tdt ALA= HFHoR
we A8y $A&(px) ) o
QA A7 ZB o Ako]l 71 LA S
AA A 0.048(0.064) 0.072(0.035) o ] ]1_].'01 = ]'1/]3]' 400ms o] J‘/] 1_]. o ]
-EAYY  0056(0.029) 0.075(0.037) < et Yok BAFCEE HY] MY HIR
0000000 o mE 7Y o] BAGYA HE A
a5 5.50(3.26) 10.78(7.12)
T ARES AT e AR A9 Aol Oa BA 4. 7 <@E@ 20| et Ol

8702l A= CHEaRlETLE ABQDEFG H &5

4 e AA R g &8 A-SA-A Lpepy S tggq 45?
Ao A 9o Q%o Yehdth S
AR BAC BAE TASRL Qe oA &0 e . |8
e BE QET<E Va9 13s Ak B4 MACPERGH TS
Aol Z7] ekFeE HEF sk oz | do DX det [IX
24 §A @A = E3 EA-HAE ngS I (2" 1v-1] 2d 748 HJIS AHEE s229)
Aete 27) Hgos BEE 5 YthHegarty of SHeF
<E IV-3> 29 74 HSE AHES s29] Z2EF
=M = o] SAEE SAANTHs)  HTF-SA A ZHms)
1 1 A3} F= 21o] Q) o] Bl 6 1.40 233
2 2 Y HME g8 IEJI=ABCDEFGHE =F 10 1.39 139
3 3 Uiro]l F= W] 2 3 0.43 143
4 4L X="A,B,CD,EFGH 2 0.36 180
5 1 AN F=, 27 9 2.69 299
6 2 ME T2 3 E (ABCDEFEGHE =% 8 191 239
7 3 wro] & W 3 0.78 260
8 2 JEFIE 2 0.52 260
9 3 HH €] 2 0.32 160
0 2 (A,B,C,D.EF,G,H) 3 0.625 208
11 4R X="A,% 3 0.78 260
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Azl fou|siAl Z2thb=0.19, SE=0.07, p<.05). HIE @& Hdst= Ao g FokdAn)

D SAE A Ui EEE 1Al A2l 9

12 ZAUE BS wi(Dambacher & Kliegl, 2007; VAR R

Goldberg & Kotval, 1999; Holmqvist et al., 2011;

Rayner, 1998), 2@ 743 Aol vehtes ol AY7iar 229 F 15%0] o] AT AL
3 A4 AR 3k AAE Tedt Are] 8 drh <3 V4> o] AA B Y] Al

= oe] 24 WYel FA 2 4 Ak A AA-B% BUHR Aol o] AT

E7), FoARe) UF AGA o F e F&  Au o b7 eFo] ek
AusAY gs) A o4 gRE vase B AL A BR ot AL 2d 74 A
% gt

sk FEe] $A AF o] % nig g A" 23 o] 7] #A MY AR E
FT<E IV-39] 10> HEZ @S AEFos 22 <3 V49| 13> o] AL
of Igellx sl N HRERE FAL 3 WeZ 2%, e, ‘Uro] F 5ol I

T2E olv Yoz HAYTE A} 1 A

B FEAFA Abeldles HYo] Ha Il 4. M4 ETe 2BQ] ACH OpS Ol

= St uEA FHELS GEAPAS U 87k ME= ClBeR! SIS (ABEDERGHE 25

Hoz FASYAL olgt BYT AE Fzxo Lpsrof m=Seateo] 47

Aol A B9 EYYL sbsAel Frh

()] @

o] AL Agsl= AL 2] FEAY X='A, 4ol g G. H s

2 719 A et om fEAFA) | g ox do CIX

o = Z o [e] =] o)1= A} -

olm FZE YA Z A Y= AEjo A, [ V2] B27] WY HEL AFL3 519

A9 ou] F2E AYy FRE Jehd FH WA=

<E V4> B7] )Y HIEES A8t s1e] Z2ES

A = it T haneg| A3 SAAIZHs)  HF-§A A Hms)
1 1 A3} F=t, 29 o] iTh o]l A 11 1.72 156
2 2 g AR gE L._ﬂE(ABCDEFGH)g 2E 7 1.257 180
3 3 ol = B 2 3 0.48 160
4 1 AAH F, 290] Utk 6 1.13 188
5 2 g/lel AE gE JEIJIE 2 0.48 240
6 3 e = 2 0.27 135
7 4L X="A,B,.C,D,EF,G,H’ 2 0.28 140
8 4R X="A,% 7 2.20 314
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10 3 FE= 1 0.28 280
11 2 8/Me] AMZE o2, ABCDEFGH 6 1.14 190
12 4R X="A, % 5 1.06 212
13 2 87 AME gE JESFI= 6 1.10 183
4 1 2mgo] Ut} 2 0.31 155
15 2 g/lel AME g2 5 1.26 252
16 4R X="A,%’ 11 2.70 245
17 2 3lE7}= AB,C,D,EFGH 2 0.4 200
18 3 o 1 0.17 170
19 4R X="A, % 1 0.14 140
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20- e — A
A
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o
+
v 7
0- Ko uun-a-t-t-t-g-g-t- =
1 1 I 1
5 10 15 20

[28 1v-3] B 74 HIZAAY 74 A
34

33t tHb=-0.26, SE=0.13, p<.01). X 7] W H
o2 3 FAEL EAld uE oHel 2=
FAE vud T FEd 23 FAE vaste
o 22 (trial and error)Z EIS H
397 Wl A oldel o @&

| 2 Andra et al.(2015)2] Aol
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o "xEde] HE F3 @S Fole AAH
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EAE oldisherl BRI HAHH SAZ}  <FE IV-5> BAHRL JJEPY RO FE AR
ASHA AS5E & F Atk dFE Bol, [28 2| BF A ARkms) | HHEAT SA] 35 (pxd)
IV-519] B|ERDOAM B 4= 9l5o] 1 Eo] @ | FHAHE | ZIEER | SiydE | TR
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Aol BAALE HAGIUS. AT AT 2 ggu = owA) <m v49) ol AT
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. %30l 8%l SWARCDEEGHO! Ut O T AR FE TS BAAT AFd A%
At a‘::hg.ka‘fg..ugﬂh_*_ggl% e J A@slgols dukehd &= 3 (Generalized
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Eye Movements in Understanding Combinatorial
Problems

Combinatorics, the basis of probabilistic thinking,
is an important area of mathematics and closely
linked with other subjects such as informatics and
STEAM areas. But combinatorics is one of the
most difficult units in school mathematics for
leaning and teaching. This

study, using the

designed combinatorial models and executable
expression, aims to analyzes the eye movement of
graduate students when they translate the written
combinatorial problems to the corresponding
executable expression, and examines not only the
understanding process of the written combinatorial
sentences but also the degree of difficulties
depending on the combinatorial semantic structures.
The result of the study shows that there are two
types of solving process the participants take when
they solve the problems : one is to choose the

right executable expression by comparing the

sentence and the executable expression frequently.

* Key Words

(AT &5 F3)

Choi, In Yong (Hansung Science High School)
Cho, Han Hyuk (Seoul National University)

The other approach is to find the corresponding
executable expression after they derive the suitable
mental model by translating the combinatorial
sentence.

We found the cognitive processing patterns of
the participants how they pay attention to words
and numbers related to the essential informations
hidden in the sentence. Also we found that the
student’s eyes rest upon the essential combinatorial
sentences and executable expressions longer and
they perform the complicated cognitive handling
process such as comparing the written sentence
with executable expressions when they try the
problems whose meaning structure is rarely used in
the school mathematics. The data of eye movement
provide meaningful information for analyzing the
cognitive process related to the solving process of

the participants.

: combinatorics(Z3}), word problem(i 7 A]), executable expression(33§4]), eye-tracking
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