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Infeld,1938).
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B T°F, 2005; ik, sKRPCHK, SRR, 2006; 4%
WIE, Bt¥c7Jr, 2011) . V¥4 J5 7% (Ramirez, 2002;
Norton-Meier, Hand, Hockenberry, & Wisw, 2008) .
Ak & (Colbert, Olson, & Clough, 2007; Liu, Hu,
Adey, Cheng, & Zhang, 2013) K 5237 Ji (Gautier &
Solomon, 2005; Hofstein, Navon, Kipnis, & Mamlok-
Naaman, 2005)35 77 i, “%%<[R] A BN F AR IN T
R, A LT 5 A TR b
TE RS K B FE R, — A B TR AU A 45 2%
DU P S ) 0 I aok A8 S 25 5 . A B[]
BRI FER I, FERA T ANEBAT UL (B
K&, 1998, # T £, 2002). 4414 (Carson &
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VIS . (R EURS BE RS8R X Ry [ AR i, ()&
PRI AR A SR (] PR AR hE, 45 24088 X 50k
PR G AT E N G 0 2500, AR OR, 7R
SRS IR F b, S ] Y A A0 NS H
ERZES IR . XX IRE L, ST
TR E 2. EXEEESD, £ = HXEK
F 45 — X (F(1,38)=21.97, p<0.001; F(1,38)=15.73,
p<0.001; F(1,38)=22.57, p<0.001). 7& W&l

S

B =L WX K FH—IX(F(1,38)=16.39, p<0.001;
F(1,38)=25.56, p<0.001; F(1,38)=19.21, p<0.001).

F2 EREAIEIEA S IEVLET(E

Ji) 5 o FRe A fikae 4

i35 M SD M SD
* JSREN 238.64 20599 157.44  115.07
& —IX 2012 1889  14.02  10.63
= BX 79.00 70.43 4500 3854
s H=IX 72.59 78.22 4467  44.70
H HIUIX 65.55 65.20 5342 4155
- ISYEN 24670 12556  183.71  129.12
i X 28.29 26.22 19.12 2393
= BX 65.99 47.89 47.05  40.08
s =X 79.86 51.27 67.94  63.93
H S IX 71.23 48.01 4840  41.10

3.2.2 FEMETE
% 35 PR e PR B, M A
8 4 A 2585 DX - 247 7 A0 8] (B - ms) A e AT 1

®3 BERIIERFEEEE

[¥] 5 o FRe I flBe 4

5 M sD M SD
¥ JSRES 25250  32.83 26454  38.39
& %X 251.86  36.43 250.04  43.32
ey WX 246.26 28.57 257.48  35.62
s Wi=IX 25347  39.25 263.84 4470
5 WX 25778 38.37 27061  40.50
- SN 266.53 44,61 267.27 36.03
M A—IX 25826  47.81 24466  28.86
= X 261.60 47.49 259.69  39.42
s HEIX 26294 41.90 27422  46.30
5 WX 27248 52.03 266.41  46.16

DAL 0] U 5% R SHR Xy AR 4, A %
PR sk R 0 1 2 3 0 B T Ay DA e A7 AR 0 Y
52500, SRR, TEMBER R b, Bl v e
T AR EE — . =X S R A TP S
1% 5% (F(1,38)=5.56, p<0.05; F(1,38)=4.14, p<0.05;
F(1,38)=5.41, p<0.05), FEX4ERIX K E |, M
B AATE W 22 5 TE BN BT, SR K T4
— . TIX(F(1,38)=8.30, p<0.01; F(1,38)=16.98, p<
0.001), %5 =X K T4 — X (F(1,38)=4.43, p<0.05);
TEVS UG B rh, 26 00 X K T4 — X (F(1,38)=7.70,
p<0.01), %% = X K T % — . = IX (F(1,38)=5.80,
p<0.05; F(1,38)=4.73, p<0.05), HAxF% 55 H.
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(B E N T
3.2.3 EMNXRE

A5 T WA BITE P S B, A
F AL A A 4 A 2485 DX HP B R LR AR B

R4 EREAIIIRAEIRE

Ji1] 52 - AN kg4
545 M SD M SD
¥ SRUN 943.55 774.96 62225  490.74
& A—IX 7750 69.83 5740 4250
= W TIX 31950  267.28  182.85  168.02
i =X 28425 29621  173.05  176.64
" SPOIX 257.70 247.98 20825  183.11
- SNV 930.45 472.42  700.20  500.33
e B—IX  106.30 96.65 7575 9153
= ¥ TIX 25265  180.85 18610  159.45
i $=IX 30530 19613 25325  233.79
" SEPOIX 26220 181.81 18140  150.46

4 DRI EBITFARIRHES] . 3XFE, ARIEABESY
(5 S, RS DU S8R X R R RAEZE I . B,
VA I = %8R XA [ SORE o DAL L [ A
TR B8R40 X A AR o, )R B0 2 9 e 0 TR 4K
R RIAE R, 4% D4R X ) HCA P AR e AT R
(7 22508, iR oR, fEAMHEE L, FIEEs
W, R AR X R B TR RE 4,
F(1,38)=4.49, p<0.05; WG HE T, &6 )1 417E &
. XA IR E Z TIEE ) 4H (F(1,38)=
5.93, p<0.05; F(1,38)=4.92, p<0.05; F(1,38)=5.14,
p<0.05). TEX4HRIX A E I, 4% E50 538 HAEMY
FNTE N
325 [EFLER

6 50 TR BITE G BT, A
F ALY 4 A 48R XA L ELAR A FE ARG B

VA L [ U B8 A6 X Ry AR 1, )&
P FR TR OO AR 5, 4 48R DX 1) B0 h P
A AT S A Y T 25508, SR R, R4
UGB Z b, B BT AT F2 3800 A58 BAE
WIAHAERE R 26BN AR F, ERREE
EREES ., EXEERETD, £, = IXET
55— X (F(1,38)=23.81, p<0.001; F(1,38)=16.12, p<
0.001; F(1,38)=21.80, p<0.001); 7E Wit t, 45
—. =L WX Z T —IX(F(1,38)=17.19, p<0.001;
F(1,38)=25.80, p<0.001; F(1,38)=18.16, p<0.001).
3.2.4 [ERE

= 5 T B RIE PN B, A
H ALY 4 2480 X A R B FE AR5 Dl o

F5 EREAIIIER @RI

l‘nj%ﬂ - MREI4 flRBE 4l
5L M SD M SD
I ik 47.45 2852 32.40 25.00
Jﬁ X 12.75 9.00 9.60 7.21
2
i X 19.10 1317 11.20 10.23
B K 1560  13.98 11.60 10.08
W Ik 56.40  26.88 35.65 26.99
f"’é H—IX 1385 1067 1110 1043
; X 2350  16.95 13.15 12.18
H
B HEK 19.05  10.34 1140  10.99

H T AER 73 48R XN, 42 IR B AT X231,

*6 REAIIEMEILER

l‘uJ%E o =N flaE A
gz M sD M SD
- Wk 172395 56484 186366 590.75
= M- 170822 55204  1707.46 504.10
& X 177535 587.68 181621 557.86
% =K 179704 61353 190337 604.71
B ik 181930 67151 200826  658.42
" Wk 160143 50193 180257 57153
g ®-X  1677.30 58662 1679.19 527.88
s HEUX 167359 52682 176642 54526
% 4=K 167745 52020 185020 566.26
%k 167404 50892 191124 620,88

DAL L[] U 358 R0 X R A &, [n] itk

PR sk ) AL AR /N Ay DR AR o A AR Y
Tz, @R R, EEENR E, gaX7Er g
B BRI — . = WXL BRI R T
5 1% 5% (F(1,38)=10.65, p<0.01; F(1,38)=4.83, p<
0.05; F(1,38)=8.43, p<0.01; F(1,38)=14.14, p<
0.001). 7EX4HRIX &R b, EFIEEE S, HHXK
TH— . . =X (F(1,38)=25.57, p<0.001; F(1,38)=
17.00, p<0.001; F(1,38)=15.24, p<0.001), % =X K
T45— . —IX(F(1,38)=17.18, p<0.001; F(1,38)=7.85,
p<0.01), 5 — X K F & — X (F(1,38)=15.85, p<
0.001); 7EW MG, BEWX K THE—. ZIX
(F(1,38)=9.44, p<0.01; F(1,38)=5.96, p<0.05), %=
XK FH—. —IX(F(1,38)=10.39, p<0.01; F(1,38)=
5.14, p<0.05), % X KT % —IX, F(1,38)=4.38,
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EE ¢
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p<0.05, HA TR 5L EAENHIARE

3.3 REMRSEEHENREMN KR

331 EARIREFSEDEHENREZERY
K&

R T AT 5 5 n) A A AR i IR B i S
SR e PR In) R e R B e 2 [ A DG R, AN IR B
T bR 5 [ Bt N BT B R A G . Hirr, (R R
SR SR, (R R R EUE RSy, SE
SPHEARRE: BRI =7 seranntZ wamwin
+Z s tZ wunt+Z wan+Z gantZ wano R L, R
Bl FE b 5 [ R R[] R BT i 2 ] 18 A G R B
E

M 7T ERLL TR (DFET ST, A
T ] . LR . TR R () U 2 (] T
ARG 2 TR B, TR S R R e 2
[ TEAF DG ik 2 o (2)FHOC 1 25 i3 B K 2t BLAE 1)
o SRS e PR A OC |, FERET R b, AP )E
75 58 A IR UCER S TRt o TR AR OC i

332 BHBXAIRMIEHRSEDMBEFMRE
Z B HIXKFHR

AR R — BN, HREhF5 b5 5 ] A
M Z MR R o RN N2 E T4
Wr, BRI — AR X A, R —
Vi) R0 [ s S B A B A LA 1 SR X N 2%,
L[] U Ay 5 DX [ R, B 4 S8R X (7] A ) AT
il —28 . ZJa, HAR— 248 XA Y DU s
i, 50N R X A5 IR SR bR A T A AT
2R3k 8,

MR 8 FIFE R LU RE: (W)IET EESE S, 56
T SRR ] L R B ) R 2 (]
TEAROC 3 TEW UG B, 5 — XA ik L B AR,
55 X AR, S = X A R ] L AR
B, MALRES ) B 2 (R E ARG B3 . (A5G
35 0I5 B K2 A 1) RS 5 HR S04 A X A O
o FERETR L, OSSR, S — XA AL B
AR RIS DX T A 2505 T BB J T E A G 8

F7 BREREME DB EFRE ZEHHEKXRE
BRI =R "] R e S TE VLS [a) -2 AL ] R EL MEIR € (e NERE
7 JE A A BE 0.46** -0.17 0.47+* 0.43** -0.15
[ R
W bR 0.29 -0.04 0.28 0.41%* -0.00
7 G A5 0.27 -0.09 0.28 0.45** 0.04
Ji] 30
W bR 0.15 0.15 0.12 0.19 -0.03
#8 FHEBXARRIIERE DM EFRE B HHEKXRLE
THiErE S PLRIX S R] SRR ] TERREL IR EL L AR
x FX 031 -0.02 0.30 0.14 0.06
E X 0.44** -0.07 0.44** 014 0.04
. g B 0.40* -0.16 0.43** 0.31 -0.07
15 5 EHIIES 0.06 -0.10 0.049 - -018
’iﬁ % I 014 027 013 013 0.36*
" 5@? UK 0.26 -0.06 0.27 0.43** 0.01
f,a:; =X 0.50%** 0.03 0.48** 0.59%** -0.09
5 X 0.09 -004 0.08 - -0.18
x H—IX 0.26 -0.12 0.26 -0.00 -0.06
ﬁ% HIX -0.08 -013 -007 0.09 -001
- i,; =X 0.07 0.03 0.06 0.28 -0.26
5 5 EHUS o -0.24 0.14 - -0.18
7 W X —on ~003 008 —001 0.50%*
" ’ﬁ WX 0.26 0.14 0.26 0.41** -0.08
,i,; B 0.09 -0.07 0.07 0.10 o1
5 SEUIX 0.28 -0.02 0.29 - 0.08
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3.4 ERENENIT

TEWIZEAE L, 4 BIEEPE e L AR D 4Lkt 45—
%, 51N B R A TR B, % AT
BAE AR 22 ] (B A 5 O T EDULE R IR
BOERE, ot HR B P A 2 LR . (D48
VLT B e s ) 2% 8 3 0L ) (B3 ) T
PRV BE, AT g TP T 7E () 241X
(21— AR R A I L B (R 9E 5 SR i
T A HEAS M X 13 452 BB UCORLE 5 Wk S A I,
HRBRTE L B AT LK B, At 1, 20 %, MAERA
WL, I 0 T TL A DGR IX 22 [ 390 S A
(A HIF T 5 S T A 7 A D X (1) 32 25 15 B
WA ARLATF, RIS BEE) 5 — A 20HRIX), 7 5
XIERL, PRl 23 XFRdR | “234 [XF4hm" 4. I
N, TERESIKVERLR, MO0 2 0 X 55 16
. FCINBATE 1. 2 WA DGHRIX B X T, 2% 1
K EOTE 20, FRvE e 12 IR 250t 2 K00
TR, bR 21 K" . Q)M HE il 1 Gk
S T T S I 2 LA P 1 2, P e %
N {37 P2 XA o i, 4 [Pa, 2 1K, R
SRR KB 4, [ UR T 2 MK
o T X AR AP, 1~4 K], RSB & B

B 1] (ms)
FEB 14 9 14 7 15 14 19 8 2661 o4 8 48

A5 8 TR, (R T4 LRI 4 24ERIX AT ES IX
()R o A B A0 A5 R ) R % A ] — DX, PR T 2EAR
P S R R ST R, SO SR L Y
PEE, BB A S bR A8 X R X s, A) BB A AR 4B X
o MR AR B2 Y 4 ks A IR sh s dn
1~ 4 FR .

HE 1 A, B e P I B Y ] R B
HEALREIECH 895 ¥k, MiEFE] N 225491 ms, &t
it 28 ANHHRTRRE B B, BB B S R
WAL 31.96 ¥k, FIHEHLATE] 8053.25 ms, & BN
BT A

&l 2 AT, BT IS S R I SR B,
PLERECH 425 IR, SEHE]A 108356 ms, Hhztit 9
AN AR AR E TR B, R B BB 7 2 T TR B
47.22 %, SFHTERLT ] 12039.56 ms, A& HRIE] 54>,

MR 3 AT, Bl e v IR 5 A [ B
WAL B 684 ¥R, M)y 148460 ms, 4
it 18 AAHXTRRE M TE B B, B — B B
PR EL 38 UK, P41 LT ] 8247.78 ms, & BR[n]
10 4~

HE 4 v, B TE P G B Il & B,
HALRECH 1046 Yk, AHE] A 299568 ms, 4t

5769 2260 3912 1452 3512 3088 6264 3212 6496 16120 22092 1836 11048 3052 31612 27600 1852 8412 4236 6872 5012 5024 4058 5120 18148 13772 1544 2116

13 120 122 10 37 21 25 1215 1 20 7% 58 L] ]

Bl oF i1 5 e e 0 2 A~ 58 IR AU B A R Bl B

-
PR
4 41 K FE
3 P34
2 23XFE | P23IX
1 12X 4 | P1,2[X
Af ] (ms) 4092 20204 3976 13996 29948 8520 13964 7904 5752
FEAR S 17 75 17 54 118 36 55 30 23 N
Bl 2 OFJEREARGE A SRR BT FE IR sl
P
4 A
2 1234 L s —r | | raa | | psai | N
1 12REER 12REEAR
5H 0] (ms) 5000 T500 15612 5432 4436 5832 STEE 3440 1.1 8916 6340 6496 27876 5456 2048 5748 7452 10400
RS 54 35 74 28 20 27 28 16 4l 31 34 113 2 32 20 35 38

K 3

TER IR 52 i BB 2H A 58 1Dk B ot A HR sl s



46 &

LT

P11
IR msy | 4272 1556 1240 7572
HE RS 14 8 5 32 33 14 20 21 25 16 25 15

0548 4152 3504 5180 6100 4560 6720 3468 12672

47

K

2896 2484 12156 29164 56956 9248 5980 B960 0404 9624 4TRIZ 2484
13 kl 43 ) 199 34 18 34 136 19 157 10

Pl 4 VRIS S AR BE 7 2 58 1R A Bt A R s L e

iF 25 AR E B EL I B, AR B
UEL 41.84 WKk, EXE AT [E] 11982.72 ms, & BilH]
154~

4 HHe

4.1 8]0 A& 3T A2 B9 AR B4
411 RI}EFHAINES

SrATE . ARRE I A B IR shdgbn 25 5%, A Bl
T T fif In) R & IR BE J7 5 S PR TEAF B0 T R v
IR 5 R R, TEFEHEE D, mEeH
TEER X IR $ 2 TARRe S 4 Wmiig 5,
FREHERMAR, B XA MR EZ TIKRE
T . FEHAAMR SRR b, 5225 AREE, 7T
UL, MR B A 4 01 22 S A IRAE [T FE A b o AR S g
o, RS LB TR DGR XS, XS TH
149 2480 DR (1] 32 DX SR A T PR T, IR O
T AL R . A BEERIT, UPDREMERE I,
[n] ¥ YK %% < B @ 3% in (Rayner & Sereno, 1994;
Rayner, 1998; Z-4ifi, #1A K, 2006). MAh, [FIHL
48 3% HH O] B 480 DX PR O, TR TR K
788 22 U I 327 DXX) il 25 1) R 1 DT R R R (PR AR 7S 55
2011), AT B 1A 55 2 A ) rh BT R
FEF GG, 4 D248 X3 IR e — T A R —
B o3 At — 48 R By AT BUA, Hodr, 58
TR ANRHTS RO R, = IIX AN
AR T20 T IXRITAY . A ZE L SR SHRN 5 B b
(2004) 2, X 2SR IX PILEL 22, 3R HHIZ X XA
I T3 SR 2 = R T O B XA [ T 22
SR AT T OB S B TR I B N OC: RV
ME S, [ B R Bk, W A A PR
UL RO B A T IR A HB 4248, f8CH fin4n
M AT, 28 R R AT SCGHATHERUA PR A . Hoover
1 Feldhusend (1994) 7F Ho B &% oy B o, ¥ 1a]
B L I AR AR B AR L A0 BUE B G B H
rIe c gt I3 T RITR 2Z 8] A R 45 e ik
Bt BRI A AR (2009) Y55 4 i, BE &R
P FRAE X [ 851 AT RG] o TR A4 3R L T
Ja 5 B AT E R A I TRt f o =5 e ) itk

MR 22, R B XA REIY 386 R N T &
PRIR) A R AR P o QSR e T A R R b DG IH
FRE . WiEE B ZEMEER, I3 S R
Y, WA BT IS R
412 MRI;EHFHERER

15 B MBS 55 0 22 S S AR S EIR 348
bR REUE? WF9E B, Bl e v 15 B 1 AR
B CIXAPEHERE K TR, X5
T B AR A M SR I 4518 — B -3 T LIS a] s
B LB a0 45 I T XS ) FE AR AR R, AR B
TR LT B A A (BRR 7RSS, 2011) . 3 B 251
B2 24 7 AL IS 0] B0 2 S 194 = 2 5 IR AT i A R
A FUE 55 P i i 22 5 . Dillon (1982)35 Hi, Wit
5500 )G AN 85 /G In) B8 % B9 e AS T) A D 0 hn T i
B ExEAESE D, MMUTFE LM, S
PR e B, SRR,
PRI A 7 R RN A B n) R 7V I e vh, )
AR B AN AFAE B TR B RS Y, F5 22420
FHTE 22 1) 8 EBAF 8 B35 A1 5B 3 AE R B Ao 1A%
B, MERETR, B DA EE AT ) B S X
WARBLE, 555 ME 5y B2 B2 5 134 1 A0 B () 4 4 22 [1)
AIREAATEIEAH I C R

TEF GBS AR EE — . = HIX A EfL A
IR F I b o WL B AR nT RS A T
A e, B E 45 (2013) 45 Y, B LR /s Ak )
IE OB TRy s BERe bR, FH-THEI D 00m T/
B 1R B BN AT R o BEFL T R R O B A7 7 1Y)
HURFE bR (3%, FEGIT, 2006), HEfL ik K&k EIA
HITE Bl b B R i T 4 faf B0 B SF T (Verney,
Granholm, & Marshall, 2004) , #7677 Ji5 1% 5 v i
LR, S AT THE T S IS P A T 2 %%
J1, NIRRT R . T EE A B JE 5L
B, WORUTE ) R B R AR AT RE AR IR AZ 21X B2
B Jey AL & B T 5 AN A2, 3K [ A BT Bl 4
THRER, SRR NEIN TR AR 2% 1 k&
RN, AR 28 K

FELU ARG R R 2 L, B A R) R0 33 A0 v
185 ERON M BAERBIA R, KR HmET
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BN Z ], X SR —3 . mRE 4l
A 7 ) 8 B 1 O 35 0T i 3 R B 7R X DG B A
S DX A R W AT 2 00K g, iR AR ik
SR, BREEA AR S (2009) 48 H, X [a] s 5
{14 s IO et A T BRI S A SR TC R 2, 4R
S BT HN A B R Z M NFEBR R, mRES#
A TR B A T 5 RE 08 A A0 07 5 A U O
HE. MTARREREGEENTHES, BWATET R
M TR R, 175 0 EL AR HR X R s
[a] F1 YR B 4> Wil 45 5%, Mumford, Roni 1 Redmond
(1994) 7 7] 51 A 1) O 80 S FRASC AU Th g 11, )
RATT I AR 2 e BT IR 5 N A IREAE G, (H
HIA VA 6 B FEAR H AR 0 35 R R 2 B0 22
o W0, FREMEEE IR T EFE, 25
AR SN B IR A BT E R A X 8 -, AR
AIF 5 45 SR A I Wl 3 6 6 B 5L A o i 9 LR
A B AR IR IR AN TA U S, (et
[ 2 B
413 MRIBIRAIHEBXES

AWFFE B P S E B A L8 50 53 4 A A%l 57
FNTERE I DLHR X, A — > 240 DX H7 DA [i] ) o) i i
M55 5., Tsai Al McConkie (2003)45 HY, 7 ¢
ff, ARG 23 8% 3h 21 SCHE (R TRl B LSRN B4 B
IR AL . BRI, XEASTR] S8R X HR 48 b5 1 %5 4%,
ATk —2 T e fE B e . R T
BEHRAETT TR B4 5 L BFSTAS R WoR, B LI i AR
HIRFRTE R X E A B 25

S T L ) s e 3 o A X sl T
Ak ) 4 S o A TR 1R O T, T BT A
TS WK T, —, XA RE S —
X T A %, Pieters Fil Wedel (2004)HF5% 7R,
SCFHIWE G| SR S R/ RIE e, RESCSER 4
R L, P RE SR, S — T, ]
eSS — XM SCFEERA 6, MERNELE, &
— DR X AR SR AR T SOk, HR i —A
JEFF N RIS . Ik, 85 T Z R R T
TE R — A KRR T LA T, B I A2 & B RSy
TR X Ik, REFAE XS — X R A R B2
S5 e b T A B A A T R A Y

FESF-H 7 L E) B s, R T A D4R X
B TR B4R X, Xt SRR A 56 38,
FE I T HEE K38 AN BRI RLE, 1259 3 R s [
ST K (AR T, MG R, 2006; W&, &)F,
BORA, 2009), FEARWFG R, —Jrm, B —.

PUIX AN — X 2, TAMERE . 55—
T4 DX R 22 TR AH B OGIBE Y, PRt e 2
fiff S TET B DX PN I, A A T A B A T A5 XY
WA TEATEE A A0 HT, Bt iE— 2538 KT B Ao T
FOEMERE, T LASRIN TR TR Y 2 X34
RS [

EEMRET I, NEBEKRE, KFEANTEH
T MXMEMKRBE LS THE X, X5 AT
PR [B] (R BIF 5 245 02— B0 o TR BUE 4R TR A
FR R R, S e H Ko ) A A L A A OO (kI R, Dk
37, 2006) . TR RN T 3 SR AE AL
HEAT I, PRI T R B0 22 gl 3 5 X 8 i T
WHE Z . HIE R, B — X EERERANAENM
BT S5 8 o Xl UL, FNA i, ML
BAR, PRAEERTEINZAS S, 56— XA Z K& IR
F14) S B X 388, A2 A X 3k — DX ) 3 0 R S0 o 58 /0
Ui BHAAT TR B (A 1 b e iy 28R Ao AR T T 2 5 B

TEREFL AR KN, BESRE, J5 24 HER X
F14) e L L AR 5 A A DXk, L AR A S A
HUIN T3 2h b B U8 43 B RN GO B R AT 1 R BEES A
(Martinsen, 1995) . 7/l T ¥E B 48 A R4 BHT, 03
TR, WL ERSAHN AR, 785 XL AR
AIREJE R T, Rl (0] 805 IS RE RS, Mg i
WATEZ R S, MBI AEBCRZ, BE Rk
JEE AR R T, PR kO AR T T, AL ELAR
W AH R AR R

ZE BRI, FERTREEAR DL B A MR IX E, 4%
IR 45 bn X2 bE PORHNZS i A B A SR 483 3
() A Ak T A A NE ) 0% 76 45 AN IR B8 A 85 I
H AR I S T 4R X TR DGR X, B
FE, W 7E 8 O Y H B, PR
PRUAR L B AR S 1 e T M BEAR A AT 55 (TR AR 5F,
wEE, Fik&, Y, 2007; X, BRinFH,
2012), Je 1 X SR IR s cHl by $2 o, ATRE S
BRI TR] 0 AT 55 M B A IR A O o (AR
S, BARTE BRI R AR L ELARSEER
b b, T80 DX 36 TR, R A — 2%
X, {H7E LB A BRI, 4 X EEAH S0 d
B, X oS — DX A 3 A ) 45 R AR T 2 T A
PLER DK, H R IR B A AN D IR i
B TE NI fih 21— A5 B R, 25 T ek
SKENEZANHER, HERIR Z MBI X
PE, R ANTE G B AR IO 2 9 SR B
W e ud, NITF bR SR 2, B3 5 T e & 2 n)
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46 &

L, EAE S b, S T 8 DA B AR TR
T D4R X, D HOE S — X, 255 IR shAs b A8 1k,
WATEIR, TEFF A A S — A Fr F AT, R
THRGEREWNE, SRR S LI Z 1
i, MR 2 @8 TR Z IR AR, IR IF AN
T T B TR AR T, 2 WHR 2h45 b
IR TR . Bl FEA M 24 0, 2R
E N R oD 53 ) | I VAT 1851 | DR E Pk N ek
BERER, @6 2R MR TR AL 403U
PN, SXETFEERLEE] . gL . AL AR S bR L
B  A E T, B A TR (S B
Mo MNIRLEUZS [R) A BE AR, TRl 9 A0 B SEE A
e 5 BN AT I B — RS 5 B B B AR RS Z )
FAE 221 (Hayes, 1981), MIfJET Ml EE 5, B &
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Abstract

Using the eye tracker, the present study was conducted to explore the cognitive process of problem finding
of undergraduates in the contradictory and potential conditions, which focused on the four eye-movement areas
of interest. Based on our hypothesis, we expected the quality and quantity of problem finding of two groups
(high ability group and low ability group) would show significant difference in the contradictory and potential
problem finding conditions, which would be reflected in the eye movement model. Furthermore, the eye
movement characteristics would be correlated with the quantity and quality of problem finding. We think the
analysis of eye track can show the eye movement rules which could not be reflected by the static indicators.

The mixed design with 2 (question situation: a contradictory situation, a potential situation) x2 (subject
category : high ability group, low ability group) x 4 (interest areas: the first to the fourth interest area) was
conducted in the study. The question situation and interest area were within-group factors, while the subject
category was a between-group factor. The dependent variable included the quantity and quality of problem
finding and the eye movement indexes (e.g. the fixation duration, fixation frequency, regression frequency, pupil
diameter and eye track in the overall and four areas of interest). In the experiment, subjects were required to find
problems in the contradictory and potential situations. The eye tracker recorded eye movement parameters when
subjects found problems.

The results were as follows. First, the average fixation duration in the potential situation was significant
longer than the time in the contradictory situation, which may reflect that the cognitive processing in the
potential situation was much more difficult than it in the contradictory situation. The pupil diameter size in the
contradictory situation was bigger than it in the potential situation. The regression frequency for high ability
group was more than that for low ability group, which indicated the positive role of the relationship and
integration of information in the problem finding. Second, the eye movement in problem finding was significant
different in the four areas of interest. In the region with essential information, many eye movement indexes
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raised, such as fixation duration, fixation frequency, and pupil diameter, which indicated subjects would put
more effort. Particularly, the total fixation duration and fixation frequency in the second, third and fourth areas
were more than these in the first area. The average fixation duration and pupil diameter size of undergraduatesin
the rear area were more than these in the front area. The regression frequency in the second area was more than
it in the first area. In the contradictory situation, the total fixation duration, fixation frequency and regression
frequency were correlated significantly with the quantity of problems, while the regression frequency was
correlated significantly with the quality of problemsin the contradictory situation. The regression frequency was
correlated significantly with the quantity of problems in the potential situation. The relationship between the eye
movement indexes and the quantity or the quality of problems in the areas of interest was almost the same with
in total. Third, the fixation area matched the problem finding area which indicated the eye movement followed
the thinking in problem finding. Searching behavior across area was observed in the first and the last fixation
area which means the search for clues and final inspection and evaluation. High ability group spent lesstimein a
stable fixation phase, which reflected their superiority of the flexibility in information conversion.

For problem finding, the factors of group category and situation were reflected in eye movement indexes.
Because of the differences in material property and difficulty, there was a significant difference of eye
movement in the situation between each area of interest. All kinds of static eye movement indexes could better
reflect the quantity rather than the quality of problem finding. However, the regression frequency was a sensitive
index of reflecting the problem-finding ability, and the analysis of the dynamic eye track revealed the rules that a
single static index cannot. Overall, using the eye tracker to investigate the cognitive process of problem finding
could not only improve the accuracy of the experimental research, but also conduce to deeply explore the
internal information processing mechanism of problem finding.

Key words problem finding; area of interest; eye movement; problem situation; eye track



