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The way toward a female scientist--An exploratory study from the TIMSS data analysis.
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ABSTRACT

The purpose of this study is to do the secondary analysis of TIMSS dataset for
investigating the learning differences in mathematics and science achievement, and for
seeking out the factors that affected mathematics and science learning interests and their
impact on mathematics and science achievement. Finally, a model will be constructed
and verified to interpret the phenomenon of “high achievement, low interests” existed at
some eastern countries. The results will explain the sex differences in performing the
mathematics and science achievement and their learning interests. According to the
results, the gap between male and female students in mathematics and science
achievement would narrow down gradually, and the impact factors on achievement and
career-choice intentions would be different by gender and course subjects. The
performance accomplishments through self-efficacy had indirect effect on learning
interests. Finally, according to the findings, some suggestions for future applications and

researches were proposed based on the discussion of this study.
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JHREEARLTEERL - BEY D

% 3. TIMSS 1999 3] 2003 ¥ #c5 2 #4552 (w9 L R & 47

dvig BARE > vy Faemn o

ER | 2m | Fpay 44 74 e | pik
WE B | 583.05(97.70) | 588.58(109.11) | -2.027 | .043
e | 584.69(110.08) | 589.74(118.18) | -1.679 | .093
FH | 563.70(102.50) | 556.21(111.22) | 2.661 | .008
#ic | 576.64(96.85) | 580.25(108.63) | -1.332 | .183
N & | 555.91(100.40) | 565.85(105.95) | -3.655 | .000
1999 | & BIE | 563.45(89.74) | 568.15(99.91) | -1.882 | .060
w | PEBRSE | 564.4081.41) | 582.26(92.95) | -7.765 | .000
v # | 557.08(95.02) | 569.11(108.29) | -4.710 | .000
Brpf s | 519.22(82.97) | 554.88(86.24) | -16.02 | .000
2 A8 | 546.17(90.89) | 549.50(103.84) | -1.284 | .199
78 | 54531(93.43) | 563.03(102.92) | -6.845 | .000
EEAE | 553.80(97.76) | 574.12(104.59) | -7.624 | .000
WERAYE | 589.72(92.73) | 582.75(102.79) | 2.604 | .009
e | 594.13(102.62) | 581.32(113.15) | 4.340 | .000
FH | 571.86(78.13) | 568.04(87.36) | 1.687 | .092
#ic | 591.52(96.29) | 585.03(106.87) | 2.336 | .020
A A | 599.42(104.89) | 582.46(115.97) | 5.616 | .000
2003 | = BB | 572.86(89.81) | 575.54(98.91) | -1.037 | .300
w | FERLY | 571.23(73.83) | 573.55(81.71) | -1.090 | 276
Ik g E | 542.43(67.86) | 553.99(77.17) | -5.823 | .000
A8 | 563.80(69.24) | 564.57(78.16) | -0.377 | .706
P 1@ | 568.49(68.94) | 571.48(77.80) | -1.489 | .137
& | 58991(87.70) | 582.50(96.85) | 2.934 | .003
3k #L8 | 561.21(60.32) | 559.17(67.34) | 1.170 | .242
AV ERFRE (Tp05) Ko AR FHEA  TRERRE

FORPEREEPEEY RPN AR

o497 0 51999 £3]2003 £ ¢ o BN EBT L ES il F 2 PEFY
F R FIR R A R W TR R I 4 109600 1 ¥ R
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PHE BRI w il o d 3Y TIMSS B4 B %9 ahof o A thikdy T2
PR TR T2 T2 E 2R A ) E5 > RAELT 15234 A% %
FEI - R . S S R
fjf‘u%%?‘&??? %‘f]*umrﬂ% meood & 4T "G OPFIE - Bz
NI R BATH ~ > ﬂfjfaﬁi FEEBRET B (1999 &£ N E B AR
Epnadgp )~T AendcF 245 (2003 &# ~EmenF 4 R E PN GlEp ) LBEEN
FAEEEY SRl 2 FF O B RBEREE Y S RnB B ET A9 6 195%
~26.6%2 & :%‘mmw LA kg ol RFIE A B AR PRI R B
;»’T_gfm,;\.;T‘Jt,_F_J, * g )L,;U Jﬂ,\1999_{}_,\_"}_ %9 4 gﬁ;%mlﬂ% cm T
ﬁx?ms\.sg;\#z\»i&m% TR E RS T AR E RS E I SR
1999 # 1 2003 # 84 4 L HEF Y s\,Thm« Rehd B FlE od pF S 81999 &
2003 &g BARR A G 0 AR FPL S BEFY Al & F R L S
FROEESHTLREAL 0 7 BFT —*ﬁt?%‘i‘”%‘rfm LFRFETRT
TRIEEBEYE A frTiE2 .#%ﬁmﬁs:%s“ FILMETIH A (AR

fr’y

s

rm\. F_L 5

iiﬁm,% CHEEF 2009 AN R HEEE o ¥ fegE s A T4 2007) -
Ij‘*‘a%?‘ﬁ??? X¥ePFlEa D od £ 4 T T fr’yr&?i}‘i\.é‘i T T A

Faa 3 B g (1999 & N &4 BPE R angip ) T 1 IE i
Tt Fritar, (2003 &~ EonB 2 B AP iR ) P FHUE L PEEY S
HLEFG R ERPTEY SRR I T A T L 107%~13.9%2
B pamita A2 kg o TREARAZ A T T AP HEAG TR B
H 1999 #rga T 2 na EREFE A T p APF G AREFALK v
FHam i kpF > XS, PR 2003 # ~E2% T 4 ni B 874 a8 M1 p
RALEHPE > AREFAG ) fo [ i e REF AT R 2003 &~ &5
L chd B PEFE o od BT Ao 81999 £ T 2003 £ i BABR kR 0 A k1o

z*K_A- 4,}1??3; £ R _‘gr]%ﬂ,\l’ Fop ;;,T,L%‘f—%( LRt ’%) B gk,gzﬁ,&‘%
mﬁi}iJ’ MR 2 PFEY AR5 _Q'_"]-%q,\r%f,ﬂflg‘fﬂ-g A R
Fat, o T3 p AP E R (RO B REFAFIER | A F (3% A
TEEE R E RO 20095 AR S HREEE ¥ fdE AT 2007)

# 4. TIMSS 1999 1] 2003 * '333 ﬁiﬁiﬁﬁﬂr}l?"]%%wﬁfﬁ/}ﬁ

#R | £ | ik i W3R %R r%,t(iﬁ*ﬂ—?'“‘?”ﬁﬁ B SR,
B | ¥ - 4 g4 FHL 2L

1999 | ~ w5 Usually do well in Math. I will never really understand it. I will never really understand it.
& | &¥% | p=-442, R° =195 £ =.500, R> =.250 B=.466, R° =217
B 7fﬂ‘ % Outside school studying science. More difficult than for classmate. | More difficult than for classmate.
) w4 | p=327, R =107 p =372, R°=.139 p=.345 R’ =.119

2003 | ~ s Agree\Usually do well in Math. Agree\Usually do well in Math. Agree\Usually do well in Math.
& | &¥% | p=-502,R°=252 | p=-539, R°=291 | p=-515 R’ =.266
2% fﬂ 7 How often\Listen teacher lecture. | How often\Listen teacher lecture. | How often\Listen teacher lecture.
T lass | p=-368 R°=136 | p=-383, R°=147 | p=-373, R’ =139

1 4
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P HFEF2PEETVEEL PN TR

2 5977 0 A E_1999 &

312003 & ¢ >

BESERT AT g Py

B4 F & o (A 175 % 0B R TR R R 4 %2 10960 b ¥ hRoT £
z ‘Hﬁl_ﬁ.,Lr}-ﬁﬁ ,agpd + TIMSS £ 4 f* 4 ¢ 1% 38 ﬁ»L/,,\,«,;%rik#pﬁl—gu\

"AF 2R A EHE RALA

?%%ﬁmﬁﬁﬁ@%wﬁﬁ@mo

B s il
T A

%%@&???%%%ﬂ%aé
¥ AIdF (1999 & N EochE 4 PR N ocnigp )T
EER S P - B HE (2003 E N E BPE SR ER

e TAE Y

rd k5 ATV

1234 27 % 5 7

foo THCE L ARYE 2 TR

B gg 5 B

PAET) LDPERE LS T SUnL ROR L RESE Y S e

ﬁ'{p AR ‘] L-—

243
LI e e AR &
i RARE kg o AR
P2 A o G F £ R
PRI AEEEY @A & TG 5 T#S £ ARYE
IEA O 4
FOAAR AIFF 7L 502009 AR dhgs ~ g
PEPEEY BAENTF 0
BnF AR EP AEE )T AE Y B R
(2003 & A~ EsnF A BFEPN LD ) AR TEHE L PEE Y 2460

m

F T {%AF

Ve

g1

wr

= i'&‘

SR

B

s

4’{} NXN

% 5. TIMSS 1999 3

b

B E o e

12,49 ~44.79% 2.
??%@mﬂ%’ﬁ%@gwﬁéﬁgﬁ”ﬁtmﬂéﬁk’“
Bt A HFF Y BAEDTFF

1EG THELARE
B 2003 & Nk d Y BT
B, AF od T
‘ngg_g_g Bl &gg 33 _@_3%1,%‘%71" -Q LT]% :‘%“
.z I’z\;}::*i"%‘fﬁ

ARG - BEE N e T ERY

rd & ST w
ot e

B R EREEEY AR E R AR
IR § A A j\—— s xﬂ&)gﬁ z*izev 4ﬂfr_g 4515‘3%‘3:3_@%\‘17,—]%
’f gg”i’@twﬂ%#w ol T

£

B pmimasyLd kg 2 2R ET 45T
725 1999 EINF
2 TAgE L 8 ¥ 40

85 gy

o J1999 & 32003 #
M £ AR
LR 3 TS
SECEREE S Sl il
B ehE A8 0l
ek~ B T #F2007)
fr,l‘iﬁﬁl%‘fJ(w%ﬁ N
EELRE e 2

10.8%~552%2 F ; & w

EF %321 F

(1
7oA 81999 E T 2003 E i EARE kg o <
,?'?K-Le }‘fr_&" *ﬁJ:%‘??%’&*%\mis&ﬂ% % rig\%’l%‘}J Ma % F2agk
&LB;J‘%,J.?(

W) s R rﬁgib”ﬁfﬁmii\%‘fmfkaiﬂ (#3

iiﬁ:ﬂff CFEFO 2009 A

BHEH - Rl BT 2007)

£] 2003 ¢ ¥ @&%i%%%”ﬁtﬂ%**ﬁbﬁ

ER | E5 | iR B W3R Iﬁr;ﬁq_(ﬂ 1 4L I8 L W"E;’IF GEcfofiE 4 )
%77 e 74 EME R
1999 AN ﬂxﬁ ? Think\Math is boring. Think\Math is boring. Think\Math is boring.
P yeds | =481, R°=419 | p=-481 R°=.447 | B=-481 R’ =437
& Usually do well in Math. Usually do well in Math. Usually do well in Math.

B=.371, R°=.110

B=.377, R°=.107

p=.376, R =.109
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7FL § % Like science. Like science. Like science.
ye®ds | =725 R'=525 | p=-742, R°=.550 | B=-.743, R’=.552
2003 N wE g Usually do well in Math. 1 learn things quickly in math. 1 learn things quickly in math.

P yeds | f=476,R°=.406 | B=.479, R’ =.480 p=.475, R* =.448

% Would like more math. Would like more math. Would like more math.

) p=415R"=.146 | B=.412, R° =124 p=.406, R°=.127
7fﬂ‘ % % ‘Would like to take more science. Would like to take more science. | Would like to take more science.
y®ds | f=455 R’ =420 B=.512, R*=.549 =485 R’ =.495

1 learn things quickly in science. | I learn things quickly in science. | I learn things quickly in science.
p=.402, R° =.124 B =.400, R° =.108 B=.405 R°=.116

A WA AR vl (TP) frfRfRd RO=10 v i TR T -

B Fedwm

L1999 & 3 2003 # chip EARF kg o 2§24 chipF 2 PEFY :,\',TAR)%

EE A

ELUEEAL Y § A% o A T HF L AR S AR PTG iREE R

ﬁjjﬁ@(o_}i\:‘ )

pAPESR (SR B REFERRER ) FFFF M@
ﬁ??§”$fm'ﬁﬂé’;~ﬁﬁrﬁ4*
LB S g T A I A

# IR {%4F

[T |

WFL gL PR Ry SRl 2 %
CelcE A g T AR 4 T

Py Tigd L8

FAE AR R SR 2 T

B H rﬁigﬁ*\‘}g’\

ngi&gﬁﬁgg”ﬁtm4ﬁﬂé

B Fil 4 2 MR
TEEAE

B e AV B R

FRA = 2ApR o

@ e

=14

dgtv A

f\'%e’? e %Jf&

J‘Lj::‘rd]_% Ff;g’—,:

51 -

g - 0= R

ITEHEAEREYE ~
ERE S e m 5 A FE
FE S (A F) PFo BT ipﬁcmﬁﬁaj £FEF M 2N
’f“ﬁiggﬁﬁ’{m»‘lﬁq% A
ARG AR - % riﬁﬁigJ
£ p ’Lfig (7@t ) 3~ 2 Tt BahEAFERE ) £7%% 7
L T 2 ARIE
"o F Gy MR AEY
TAE Y AFRS L - g AP () -2 T
BT AR PR Y B4R

PRI R T
\r:;@,i ﬁ__g
fo T A&

FECEERT.

TiE A g
AR AER G-

B oA B

sk

REFES IS AR Sl EIE RS L NCAA LT

A H) LHPE LGSR E Y R RS (o ERES P F LS

- B E ) f T h (TAER KR Y B ) YA FH a3
FReL & FIE L - o BL o ARE O LR A S R R
AR R R e (R - B Y TR 1 g Y (4
) 5% LAHAREL KL VRSP SR LULEERLEET D
évi*rﬂv EFE2Z- 04 EARKTAEARFTEEZY 2 PMEL 2 T

\\\



F o~ R R gy it st

AL ASHET P FR D 8 R A BFERH PRI AT ¢ 7 TS
B~ HRL SRR R NFERRBZRAELT LG VAR F s i
% 3+i2 (maximum likelihood, ML) & {7 % #f & 542 4258 03] 4 45 -

,ﬁk%ﬁ%agnM$2m3yw&’fa&%ﬁ%%éﬁﬂ%ﬁéiw%o

i S ﬁ'{gfrﬁigé\g If@é;n‘yab'ur%gg\; ] nggg\:;]%ﬂ 5 B(X)) >
ﬁi(xz) PRI (X) B (X)fe T RIZ(X)AE 5 220 TR & S50, Rl #5(X)
LB (Xy) *,,,Im(X3) PR X)TrEREX)AER o bF 4 RX2ag o Dp Aok
LR 5 A (Y1) B RH(Y2) - BRI R(Ys) A E AR (Y
g ¥ F oo (Yo)rries » P Yo YafeYy ¢ 265 F w3h b 5 T % b 2%
B 2R 2N frs gV 2 oYy T8Y &3*@J TR
PRS- EHN)frEEEAP (Yo) s 23 TEBRRELR, TRZEASFL

SR DR EE (Y1) BB MR e (V) fof R0 @IRE i
(le) FARSLp > REFfPEF R 2 BITE -

ERARRR TR FREL R R T4 BRWA 6 A F A TS
Bt 3.04 3-.08 2 B ~ B X 43 1.03 EIJ 76 2- B ~ i i (TrgyiE) 43062 F1-.62
2 R fek B (TrgyiE ) 43053 F]-93 2 ? 4 T iafe f 3t 3.23 31-.06 20 FF ~
L A 113 $.82 2 B~ s 47 .35 "J- 2 f o fodt B 42235 1)-1.38 2 7 >
$2% £ Kline(2005) 474 &1 2. 2| $7 %38 7 %»a? P PR RSN SE SN Y PR I
32K Gl 2t 10, 2 4R s ary > R 6 FALEE T AR TERA 172 2 RO TR f’?
FRF AR VLR Bk WWQFmiﬂﬁ SHG AT o

% 6. TIMSS 2003 & 4 p]| & % 38 chfy i |2 303+

x5
~ (N=2564) g (N=2670)
LRI E ERRIE M SD g o M SD g 2
5= *‘I!‘:‘(&l)
X 03 94 -34 -05|-03 105 -35 -23
X, & ﬁ’( 06 95 -24 -12 | -06 1.04 -35 -15
X3 iR E -0l 95 -40 .03 | 01 105 -41 -08
Xy e 08 94 -29 -18 | -07 1.04 -34 -33
Xs AL g2 02 .94 -22 14 | -02 1.05 -27 .00
BF p A ()
Y 2R7 & 230 85 .16 -61 | 250 .92 -02 -84
Y27 BFIEE 256 .87 -08 -67 | 256 .95 -04 -93
Ys - B E TR R 303 91  -62 -47 | 300 .96 -61 -65
Yy2E g £ AL p 203 103 56 -93 | 235 113 .15 -138
Ys& Y G oxF 213 82 40 -31 | 236 94 .11 -88
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HBE7 * )

Ye¥tpP ¥ 2777 %TM 293 .78 -42 -16 | 3.09 .82 -71 .10

Yy R4 EY His g 267 84 -21 -50 | 274 87 -26 -59
BF R #Em)

Ys 8 % - e % 219 84 28 -55 225 93 26 -80

Yo & s 222 94 27 -8 |239 102 .09 -1.11
FHEFREL B0

YoZ B#HEE TEER 267 92 -14 -8 | 272 94 -20 -87

Yiud g Mg o iv 195 76 .62 32 | 223 8 35 -48

Yo Z 2 EHEEEFEEL T 239 91 .14  -78 | 250 94 .05 -89
=

4 (N=2577) 7 (N=2701)
oy BIEERRIE M SD g o M SD g 2

ﬁ?*&@)

k- -01 94 -48 51 | 01 106 -46 .11
}(QIL§? 04 95 -31 -04 | -04 105 -23 -30
X332 -02 94 -42 22 | 02 106 -36 -03
Xy L B -08 93 -41 51 | 08 106 -46 26
Xs &5 02 94 -42 53 | -02 105 -51 .35

FLE p 23 ()
Y, £ 4 236 .78 .10 -41 | 259 85  -07 -62
Y, BFEE 264 84 -19  -52 | 267 94 -21 -84
Y; - B 4oz 304 84 -55 -33 304 90 -62 -46
Yy2h g £ L p 22295 27 -87 |251 102 -0l -LI2
Y55 ¥ 5 oo 218 78 42 -05 | 247 89 13 -71
&7 ")
Ye¥tpP ¥ 2777 %TE”* 300 .78 -57 .10 | 310 .82 -69 .01
Yy B4 E Y His g 236 80 29 -31 | 248 86 .18 -.63
FEREY Z4E®M)
Yo 5 - g 233 88 23 -64 | 254 97 .00 -98
Yo & B E 240 89 11 -73 [ 262 96 -13 -93
FEPEFRELFM
Yioq &4 2EFR 241 91 23 -74 |26l 94 01 -95
Yu¥ g Mg qa i 202 76 59 34 [ 235 89 35 -58
YoZg &pEEFEELIT 221 89 42 -52 243 95 20 -.87

FElp b z%iEYz Y3‘f\T'Y4 R AT ra»;J-/,,\ o
P A S S HCA A 4T

Y ﬁ_iﬁf‘ A AR A A AT L_ﬁi§1‘f7fi§7fiﬁ' SRR SRS
ESEisl TRt :",IK?QI (not positive definite ) 3 4, » o >t2E 1 F g 4 DR
e ;‘Eﬁ%‘.’—é%"im*ﬁ F o FAAAPGEL BP0 o ;;wff R AR ek
AT R R £ AR P B R 20 1872 (Wothke, 1993) 0 14 1€ 4238 0 43 8 38 (7 5 3 o
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-~ F-RFERZAMIARS

- PP B G ARIp A BRk 0 A WA 2R A A B AT R A 2 R
A Tz BHCEIR-E G #BP? pod R R G AR RS o R D G
7RG HRASHES AN R A RARAE T 0 AT R SRR
e b AR LR L7 I A 444 9 BT
RMSEA "] %+.10° ¥ NNFI~CFI4eGFI + *+.90:4 F - i® & & % & % ( Bagozzi & Yi, 1988;
Kline, 2005 ; % > 44,2002 ; & % %,2006) -

AP TEASE S By E R RE A A x
R F SR TR AR AR X TRARAERFE TR fi = fe o — LR A
WAAFTRBEIREN AR ’T} %m%‘“{‘ FRFEAEG A ERIES A
& (Joreskog & Sorbom, 1993) - 5 #F3TAFT 3R ¥ AR AT TR TR Y
+ 2 EiriE- 3 L’ﬁi_ﬂé&bﬁwlﬁﬁo;}ﬁﬂ}_ﬁo

G #cF f 0 4] % &  RMSEA ~ NNFI ~ CFI o GFI 3o Sl fe P4 > @ 2 #
BLBF %I A EF P H2 S & 0 RMSEA ~ NNFI ~ CFI 4v GFI # ¥5:¢ ij fie
e fpfm 2 o 2R AT 5 Gy pie, RFEHERL &2 BHRFZF
f BBy B oo

el BRnEFAAPEFD 0 2HEA AR AeT LR A= Fipe
R g prgE & 2 JULF'“‘ai!% SO ETILE LT - ff ,E,\méﬁzh/’}ﬁo

A iﬁja » e §_

L7 GRS AN 2 AT %

Model v’ df p  RMSEA NNFI  CFI GFI
3
A 179289 109 .000 079 97 98 92
7R 843.02 109 .000 072 98 98 93
LMk k83858 109 .000 074 97 98 93
5
MU A 192746 109 .000 081 96 97 92
7oA 1062.84 109 000 085 97 97 91
LEHEA 92919 109 .000 076 97 97 92

Z ORI REL TR R RS BB

BRGNS - R SRR 1 S AR %
e se 0 1E B ’;'f-f“’\ P St TN IR AR E N S Iq £l B SRR N
(nested model) » #7r2# B AR A FEP| T BT F S B FEMEE 0 UikHRE 7
BUBERET S NAFT A Aok F 2 BEEFEF TAT T LA AR
AR P FTER o

#A - 2 A EH7) (baselinemodel ) » B3R T 4 824 4 Fl& 4

i

R 2Ap®E 7
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P RBEER AL EAT T AL d A B A PR BT 5 BR
g 4:—»%4-4%\*4 X‘ff'Yr‘]%ﬁ !#Pn%r} f*——ml_,g 3’511’“5' 311:,53_;,,?1*-%
EARAZFLEL G PRI Ae BT 2 22 RN AR SHEREE
7 %tt P IR A IW R FIE e B 25 2 R T 47y o‘&
B K L5 AP Bt o 97 AR vt iig % - R R A 8o
BEE PP e 0 WA ERAT LT EF D %Iﬁ‘mﬂﬁmé_i Pw S A
RMSEA;f fie dp 58 3 807 % o #03] - -%E?%sti'l: ik S L R R 7 A B
fFE 3 RIaEE > A p7=51.94 5 NdF=LT > %ﬁ%vkﬁé Ol eh+ = A fefef B4
33409 A LR LAV FLE Hr I b BAaF R i FE S HF
WA - EEA T P ELA R R 2 BB EAALARE T REOBEREK A
;/ =62.42 > N\df=17> B F -k % 01 e > A fefeh @ 4 33.409 0 Ak %% % & 7
APBEEFRE T IML L AR EALREFEFLAR A 2 2 e
S E BT 7 H BB R ER 0 A 2751642 Adf=10 0 ¥
K505 m—F‘5/»\;ﬁo‘1;%§“ % 18307 A% At AT J\ﬁ e‘z«m 74
ff** MABFLSHEEARTEFLE A7 L ABE PP B LFARIZL A
ERERD 6 AR RAMEEF RO AL Lo R
73 PARAR -3 - 2R -t EL R 2 HHFF f AT FEOE
s A\ r7=86.93 > A\df=17> B % k& % 01 in+ = A feieh @3 33409 &4 2 %
FRAFHEFLE B I Bt B AT R FE S BF LR A - R
Az 2 EL B RT o 2 H P EALRE T REPBEK ’A,3/2=6242 » Adf
=17> B F-RELZ 01 o+ 2 S FfEhEs 33409 AT 8 S E DA F LR
Br it apldALREFHFALAE ) W32 283l m—“ BARRT
PO LS HERCA ORI BRR > A 724410 Adf=10 0 B E R E 5 01 cht 2
AT E S 23209 A e R E RIS ORE T T Mo LA LS
Ay ¥ LR -
FRPEBERTE RS GY O REFC ELRETHT > YRESHEE S
e ET3dm e

viﬂ%‘

AR E S ik

s Ve df p RMSEA NNFI CFI
Fa X —
SR A 179289 109 .000 079 97 98
A 843.02 109  .000 072 98 98
~ A 83858 109 .000 074 97 98
BB = AyS Adf
#A]-  1681.60 218  .000 073 97 98
B4 1733.54 235 .000 071 97 98  51.94%x 17
A= 179596 252 .000 070 98 98  62.42%%* 17
B¥Ale 181238 262 .000 069 98 98 16.42 10
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g Ve df p RMSEA NNFI CFI

B

DRI A 192746 109 .000 081 96 97
FBEA 106284 109 .000 .085 97 97
S A 92019 109 .000 076 97 97
P B = Ay Adf
#A-  1992.03 218  .000 081 97 97
B4l 207896 235 .000 079 97 97  86.93%x 17
A= 215276 252 .000 079 97 97  73.80%* 17
¥Alw  2177.17 262 .000 078 97 97  24.41%* 10

*p<.05 ; **p<.0l1.
T AL L SIPI Y TEE 1 T

d 305 R A S AR R R RA AT © U0 B R R e R A i
o T 5 E A T ek 89FF 0 T A

- EEPPIRYUFEGTERRRAKR T

(=) ArgpErim

B AL P iR IE R BCR R e 0 90F o d 0B § B A RIS 0T
AN Rt EAEHFLEDFEARGAE > T T o A S
A5 B AR IR R AT L R HAA A - & OB A R R
Ukt R A fFE (TAE) fm L R BT EHF RS o B
A 2.54 0 2 FIASE0L BEF RS

%9 wEPR A FMH T RE R 2ERELGE

IR t e TG Z 2R t g
& g - g - g - g
AX1 98 .99 50.76  51.59 o1 .04 .03 14.63 13.10
AXo .94 98 47.65 47.84 0, 1 .10 21.90 2224
AX3 .97 .97 49.77  50.21 03 .06 .05 18.02 18.82
AXq 95 98 4733  48.18 04 .10 .09 21.69  22.00
AXs .86 .88 39.99 41.38 05 .26 23 2421 24.38
Ay .84 .82 35.65 3447 £ .29 33 18.03  19.20
Ay2 51 .53 18.87 19.62 & 74 12 2435 2434
Ay3 .55 .50 20.20 18.33 g3 .70 5 24.16 24.52
Aya 74 12 2995 28.70 €4 45 48 21.68 2226
AYs .79 .82 3246 3441 €5 .38 33 2045  19.25
ING .69 12 2252 24.09 €6 .52 48 1690 16.57
Ay7 72 74 23.13  24.68 €7 A48 42 1556 15.23
Ays .67 74 20.16 22.36 €3 .55 42 2240 21.55
NG .90 92 21.59 2285 €9 18 15 9.18 8.41
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Abstract

The purpose of this study is to do the secondary analysis of TIMSS dataset for
investigating the sex differences in mathematics and science achievement, and for
seeking out the factors that affected mathematics and science learning interests and
their impact on mathematics and science achievement. Besides, this research is also to
test if gender equity existed in the 9-year integral curriculum policy since the policy
had administered more than ten years. Finally, a model will be constructed and
verified based on the analysis of the TIMSS dataset to interpret the phenomenon of
“high achievement, low interests” existed at some eastern countries, such as Taiwan,
Hong Kong, South Korea, and Singapore. The results will explain the sex differences
in the mathematics and science achievement and their learning interests. And some
suggestions for educational policy making and decision will be proposed based on

these results.
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Introduction

1980's, Taiwan rises a “the modern woman movement”, inspiring the
contemporary woman's rights consciousness of the Taiwan and also arousing the
current thought of the female doctrine. The civil society represented the group “the
new women information foundation”, carried out a big check-up of the national
textbook in 1988, then found that the chances of the female names shown-up in
diagram and text were always less than male, and the contents were filled with the
concepts about the sex stereotype and sex bias. From then on, the female's working
position and capability began to be treated, valuated, and imposed as equally as male.
Up to 1990's, the government announces the educational reform of “Nine-Year
Educational Program Reform” and “Ten Basic Skills Competency”, among them, the
“sex equality™ subject also becomes one of the major curriculum issue that integrated
into the teaching. At that mean time, Huang (1995) found that the trend of sex
difference in ability was gradually shrunk in recent years which showing that the
important factors of social structure and the education experience. However, more
than a decade of educational reform pass by, there seemed exited the “sex difference”
problem up to now (2007) per se. (i.e., Maccoby & Jacklin (1974) collected about
1500 research cases that have something to do with the sex difference and finished a
book for “The Psychology of Sex Difference” which pointed out the men and
women's difference were mainly in the language competence, mathematics, vision
and space ability, and offensiveness etc.). Whether the “sex equality” subject was still
remained in current thought of society? How to remove it gradually? This topic

deserved to be concerned and went deep into research once more.

However, the various statistics of the Ministry of Education indicated that the

trend of higher-level male manpower were more than those of higher-level female
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manpower; in department choice, the male was apt to choose the science or
engineering, and the female was cline to choose the liberal arts, business, family
affairs or medical science; and on the amount of scientist and engineers, although the
trend was little to decline, there still exited the male student enrolments were more
than those of female student enrolments. Therefore, if we could encourage more
female students to devote to the higher-level manpower cultivation, particularly in
mathematics, science, and engineering fields, it would likely to be a valid policy for
the promotion of the national competition power. This subject not only deserved to be

concerned, but also needed to go deeply into study once more.

According to the domestic well-known scholar, professor Young (1996), had
conducted a serial researches on the topic of “sex difference in science learning
interest” and published a book of “The analysis of differences in learning interests of
males and females”. In that book, he mentioned the current status of the male and
female students’ difference in science learning interest: (1) On the scientific
knowledge: the boy had more interest than the girl, the boy preferred the physical
science, and the girl love the biology science. (2) On the attitude of learning science:
the boy was more active than the girl, the boy's attitude was clinked to the physics
science, and the girl's attitude was head for the biology science; (3) On the attitude of
loving science lessons: the boy's attitude is more active than the girl; (4) On the
science lessons selection: the amount of the boy were more than the girl, the boy
inclined to the physical science, and the girl inclined to the biology science; and (5)
On the science career aspiration: the boy had more interest than the girl, the boy
inclined to the material science, and the girl inclined to the life science. And what
were the major factors that caused the male and female students difference in science

learning interest? There might be existed some reasons such as: the learning attitude,
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achievement, course content knowledge, the education environment, social culture,
family cultivation factor etc. There seemed to be concluded as a core factor: “sex
role”. That is to say, the science curriculum, the scientist’s personality, the science
workload, and the scientist image etc., all were thought to be the category that
belonged to the “male” image. This kind of stereotype of “sex role” would cause
parents, teachers, social cultural environment, and even the female student herself to
think as the *“science was belonged to the male’s domain”. It would not be suitable for
the female student to learn. And hence, the sex difference in learning science was

manifested at the professor Young’s work.

Therefore, since the educational reform act started in 1995, the concepts of
“female doctrine” and “sex equality” became popular and gradual implementation in
people’s mind. Up to now, more than ten years pass by, were there still existed the
“sex difference” in science education? This was a valuable topic that deserved to be
re-checked. On one hand, it could examine whether the “sex equality” in educational
reform was carried out or not? On the other hand, it needed to check whether there
still existed the “sex difference” phenomenon in science learning achievement or not
with a more cautiously scientific way? In the meantime, could we also make use of
the objective data from the international evaluation to examine the experience of other
countries and to see how did we make profit form it or not? Any various questions and
curiosity arouse the researcher’s strong interest and motive to a glimpse of the fact
why actually and exactly should be? Therefore, then would have this research to be

proposed!
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Method

This research proposes two questions that needed to be answered as follows:

1. From TIMSS 1999 to TIMSS 2003, what was the development trend of the
mathematics and science achievement of fourth-grade and eight-grade male and

female students in Taiwan? Were there existed the sex differences?

2. From TIMSS 1999 to TIMSS 2003, what was the main factor that had impact
on the mathematics and science achievement and learning interest of fourth-grade and
eight-grade male and female students in Taiwan? Were there existed the sex

differences?

The data analyzed in this research was drawn from the public archival dataset of
Trend of International Mathematic and Science Survey (TIMSS) which was generated
and maintained by IEA. The index and raw data used in this TIMSS were all public
message. The candor and objectivity of the data source, with the referenced value was
without a doubt. Such data were used in this research to carry out a secondary data

analysis. The data retrieve information was: http: / /timss.bc.edu/timss2003.html.

Then, to answer the above two research questions, the stepwise multiple
regression analysis, product moment correlation analysis, and t test was carried out to

do a secondary data analysis.
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Results and Discussion

For the above research question one, the results of the secondary data analysis
from TIMSS were shown in Table 1. From the Table 1, there existed the sex
differences in mathematics and science achievement from TIMSS 1999 to TIMSS
2003. As the developmental trend of Mathematics achievement shown in Table 1,
there indicated that the scores of fourth-grade male students were higher than those of
fourth-grade female students in TIMSS 1999, with no significant sex differences of
fourth-grade male and female students in TIMSS 2003, and then to the scores of
eight-grade female students were higher than those of eight-grade male students in
TIMSS 2003. And as the developmental trend of Science achievement shown in Table
1, there indicated that the scores of fourth-grade male students were higher than those
of fourth-grade female students in TIMSS 1999, the scores of fourth-grade male
students were higher than those of fourth-grade female students in TIMSS 2003, and
then no significant sex differences of eight-grade students in TIMSS 2003. Among
them, a speciously remarkable phenomenon was worth being noted. At the
fourth-grade stage, male students’ mathematics and science achievement seem to be
outperformed than the female students did in TIMSS 1999, speciously in science
achievement. But in TIMSS 2003, the situation began reverse; there were no
significant sex differences in mathematics achievement. And even, there became the
female students’ mathematics and science achievement seemed to be outperformed
than the male students did, or became no significant sex differences in TIMSS 2003.
So, from the long-term vision on this development trend from TIMSS 1999 to TIMSS
2003, the female students’ mathematics and science achievement seemed to
progressed in these few years since the TIMSS began in 1995. Meanwhile, the male
students’ mathematics and science achievement seemed too procrastinated or

stagnated. Because of Taiwan’s joined in the TIMSS evaluation was not long enough,

6



whether the above-mentioned phenomenon will be observed in the future, there

seemed to be continuously studied.

Sex difference

Table 1. Sex differences in mathematics and science achievement from TIMSS 1999
to TIMSS 2003.

Year Grade | Achevement Female Male t p
Mathematics | 583.05(97.70) | 588.58(109.11) | -2.027 | .043

Algebra | 584.69(110.08) | 589.74(118.18) | -1.679 | .093

Data | 563.70(102.50) | 556.21(111.22) | 2.661 | .008

Number | 576.64(96.85) | 580.25(108.63) | -1.332 | .183

Geometry | 555.91(100.40) | 565.85(105.95) | -3.655 | .000

TIMSS Measurement | 563.45(89.74) 568.15(99.91) -1.882 .060
1999 | Fourth Science | 564.40(81.41) 582.26(92.95) | -7.765 | .000
Chemistry | 557.08(95.02) | 569.11(108.29) | -4.710 | .000

Earth science | 519.22(82.97) 554.88(86.24) | -16.02 | .000

Life science | 546.17(90.89) 549.50(103.84) -1.284 199

Physics | 545.31(93.43) | 563.03(102.92) | -6.845 | .000

Environment S. | 553.80(97.76) | 574.12(10459) | -7.624 | .000

Mathematics | 564.96(58.59) 564.57(65.34) 0214 | .831

Algebra | 557.28(63.04) 557.98(68.36) | -0.366 | .714

Data | 570.39(58.98) 562.26(63.52) 4519 | .000

Number | 570.69(66.12) 568.14(71.17) 1.263 | .207

TIMSS Geometry | 553.11(66.06) 550.67(71.83) 1.203 | .229
2003 | Fourth Measurement | 555.19(53.07) 560.08(57.45) | -3.011 | .003
Science | 549.53(65.41) 554.56(72.33) | -2.487 | .013

Earth science | 554.73(81.27) 566.45(90.18) -4.646 .000

Life science | 539.55(55.95) 543.36(62.20) | -2.190 | .029

Physics | 552.71(76.38) 557.31(83.29) | -1.960 | .050

Mathematics | 589.72(92.73) | 582.75(102.79) | 2.604 | .009

Algebra | 594.13(102.62) | 581.32(113.15) | 4.340 | .000

Data | 571.86(78.13) 568.04(87.36) 1.687 | .092

Number | 591.52(96.29) | 585.03(106.87) | 2.336 | .020

Geometry | 599.42(104.89) | 582.46(115.97) | 5616 | .000

TIMSS Measurement | 572.86(89.81) 575.54(98.91) | -1.037 | .300
2003 | Eighth Science | 571.23(73.83) | 57355(8L.71) | -1.090 | .276
Chemistry | 542.43(67.86) 553.99(77.17) | -5.823 | .000

Earth science | 563.80(69.24) 564.57(78.16) | -0.377 | .706

Life science | 568.49(68.94) 571.48(77.80) -1.489 137

Physics | 589.91(87.70) 582.50(96.85) 2.934 | .003

Environment S. | 561.21(60.32) 559.17(67.34) 1170 | 242

Note: Only the significant value (i.e., p .05) was shown in gray bold heads.

Table 2 had shown for the regression analysis of the impact factors that

influenced the mathematics and science achievement from TIMSS 1999 to TIMSS
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2003. Only the main predictor with R° .70 and beta value was shown in Table 2.
Since the coding for the response option of "agree very much”, “agree”, “disagree”,
“disagree very much” as 1, 2, 3, or 4 points, some scoring and interpreting of item

questions should be reversed and be careful.

For the factor that influencing Mathematics achievement, Table 2 indicated that
“I will never really understand it” (for fourth-grade in TIMSS 1999), “Think\Usually
do well in Math” (for fourth-grade in TIMSS 2003), “Agree\Usually do well in Math”
(for eight-grade in TIMSS 2003) were the major factors that accounted for about
10.3% ~ 26.06% variance of the Mathematics achievement. And if we looked at Table
2 in detail, we could see that the “I will never really understand it” was the major
factor that explained the fourth-grade male students’ Mathematics achievement in
TIMSS 1999, the “Think\Usually do well in Math”, and the “Agree\Usually do well
in Math” were the main factors that explained the fourth-grade and eighth-grade male
students’ Mathematics achievement in TIMSS 2003. Meanwhile, the “Usually do well
in Math”, the “Think\Usually do well in Math”, and the “Agree\Usually do well in
Math” were always the major factors that explained the fourth-grade and eighth-grade
female students’ Mathematics achievement from TIMSS 1999 to TIMSS 2003. On the
whole, from the long-term vision on this development trend from TIMSS 1999 to
TIMSS 2003, the major factor that influenced the female students’ Mathematics
achievement was “Usually do well in Math”, and the main factors that explained the
male students’ Mathematics achievement were “Usually do well in Math” and “I will

never really understand it”.

For the factor that influencing Science achievement, Table 2 indicated that
“More difficult than for classmate” (for fourth-grade in TIMSS 1999), “How often\I

listen teacher talk” (for fourth-grade in TIMSS 2003), “How often\Listen teacher
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lecture” (for eight-grade in TIMSS 2003) were the major factors that accounted for

about 7.1% ~ 13.9% of variance of the Science achievement. And if we looked at

Table 2 in detail, we could see that the “More difficult than for classmate” was the

major factor that explained the fourth-grade male students’ Science achievement in

TIMSS 1999, the “How often\I listen teacher talk”, and the “How often\Listen teacher

lecture” were the main factors that explained the fourth-grade and eighth-grade male

students’ Science achievement in TIMSS 2003. Meanwhile, the “Outside school

studying science”, was the major factor that explained the fourth-grade female

students’ Science achievement in TIMSS 1999, the “How often\I listen teacher talk”,

and the “How often\Listen teacher lecture” were always the major factors that

explained the fourth-grade and eighth-grade female students’ Science achievement

from TIMSS 1999 to TIMSS 2003. On the whole, from the long-term vision on this

development trend from TIMSS 1999 to TIMSS 2003, the major factors that

influenced the female students’ Science achievement were “Outside school studying

science” and “How often\I listen teacher talk”, and the main factors that explained the

male students’ Science achievement were “More difficult than for classmate” and

“How often\l listen teacher talk”.

Table 2. The regression analysis of the impact factors that influenced the mathematics
and science achievement from TIMSS 1999 to TIMSS 2003.

Year

TIMSS
1999

TIMSS
2003

Grade

Fourth

Fourth

Criterion

Mathematics

Science

Mathematics

Science

Main predictor (beta values and the R-square)

Female

Usually do well in
Math.

B -442, R’ 195
Outside school
studying science.
p 327, R’ 107
Think\Usually do
well in Math.

B -.304, R’ .093
How often\I listen
teacher talk.

9

Male

I will never really
understand it.

B .500,R° .250
More difficult than
for classmate.

p 372, R’ 139
Think\Usually do
well in Math.

B -337, R’ .13
How often\I listen
teacher talk.

Total Subjects

I will never really
understand it.

p 466, R® 217
More difficult than
for classmate.

B 345 R’ 119
Think\Usually do
well in Math.

p -321,R’ .103
How often\I listen
teacher talk.
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B -254,R® 065 B -281,R° .079 B -266R .071
TIMSS Eighth Mathematics Agree\Usually do Agree\Usually do Agree\Usually do

2003 well in Math. well in Math. well in Math.
B -502,R® 252 B -539 R’ 291 B -515R’ .266
Science How often\Listen How often\Listen How often\Listen
teacher lecture. teacher lecture. teacher lecture.

p -368 R 136 p -383, R’ 147 B -373 R .139
Note: Only the main predictor those R* .10 with its beta value was shown.

Table 3 had shown for the regression analysis of the impact factors that
influenced the mathematics and science learning interest from TIMSS 1999 to TIMSS
2003. Only the main predictor with R° .10 and beta value was shown in Table 3.

Since the coding for the response option of “agree very much”, “agree”, “disagree”,
“disagree very much” as 1, 2, 3, or 4 points, some scoring and interpreting of item

questions should be reversed and be careful.

For the factor that influencing Mathematics learning interest, 7able 3 indicated
that “Think\Math is boring” and “Usually do well in Math” (for fourth-grade in
TIMSS 1999), “Would like to do more math” and “I learn things quickly in math” (for
fourth-grade in TIMSS 2003), “I learn things quickly in math” and “Would like more
math”(for eight-grade in TIMSS 2003) were the major factors that accounted for
about 10.8% ~ 44.8% variance of the Mathematics learning interest. And if we looked
at Table 3 in detail, we could see that the impact factors that influenced the male
students” Mathematics learning interest were same to the factors that influenced the
total subjects. Meanwhile, the “Think\Math is boring” and “Usually do well in Math”
were the major factors that influenced the fourth-grade female students’ Mathematics
learning interest in TIMSS 1999, “Would like to do more math” was the major factor
that influenced the fourth-grade female students’ Mathematics learning interest in
TIMSS 2003, and “Usually do well in Math” and “Would like more math” were the
major factors that influenced the eighth-grade female students’ Mathematics learning

interest in TIMSS 2003. On the whole, from the long-term vision on this development
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trend from TIMSS 1999 to TIMSS 2003, the major factors that influenced the female

students’ Mathematics learning interest were “Think\Math is boring

Usually do

well in Math”, and “Would like more math”, and the main factors that explained the

male students’ Mathematics learning interest were “Think\Math is boring”,

Usually

do well in Math”, “Would like more math”, and “I learn things quickly in math”.

For the factor that influencing Science learning interest, 7able 3 indicated that

“Like science” (for fourth-grade in TIMSS 1999), “Would like to do more science”

(for fourth-grade in TIMSS 2003), “Would like to take more science” and “I learn

things quickly in science”(for eight-grade in TIMSS 2003) were the major factors that

accounted for about 11.6% ~ 55.2% variance of the Science learning interest. And if

we looked at Table 3 in detail, we could see that the impact factors that influenced the

male and female students’ Science learning interest were same to the factors that

influenced the total subjects. On the whole, from the long-term vision on this

development trend from TIMSS 1999 to TIMSS 2003, the major factors that

influenced the male and female students’ Science learning interest were “Like

science”, “Would like to do/take more science”, and “I learn things quickly in

science”.

Table 3. The regression analysis of the impact factors that influenced the mathematics
and science learning interest from TIMSS 1999 to TIMSS 2003.

Year Grade Criterion
Main predictor (beta values and the R-square)
Female Male Total Subjects
TIMSS | Fourth Interest in | Think\Math is boring. | Think\Math is boring. | Think\Math is boring.
1999 mathematics | f -481,R° 419 | p -481,R° 447 | p -481,R° 437
Usually do well in Usually do well in Usually do well in
Math. Math. Math.
p 371, R’ 110 p 377, R’ 107 p 376, R° 109
Interest in Like science. Like science. Like science.
science p =725 R 525 | B -742,R° 550 | p -743 R’ .552
TIMSS | Fourth Interest in Would like to do Would like to do Would like to do
2003 Mathematics more math. more math. more math.
p 612, R 374 p 462, R® 344 B 470, R® 355
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I learn things quickly
in math.
B .360,R’ 114

I learn things quickly
in math.
B 352, R’ 108

Interest in Would like to do Would like to do Would like to do
Science more science. more science. more science.
B 651, R’ 424 B 725 R’ 526 B 692, R® 479
TIMSS | Eighth Interest in Usually do well in I learn things quickly | I learn things quickly
2003 Mathematics Math. in math. in math.

B 476, R> 406
Would like more
math.

B 415 R’ 146

B 479, R’ 480
Would like more
math.

B 412, R’ 124

B 475 R’ 448
Would like more
math.

B 406, R® 127

Interest in
Science

Would like to take
more science.

B 455 R’ 420
I learn things quickly
in science.

B 402, R’ 124

Would like to take
more science.

p 512, R’ .549
I learn things quickly
in science.

B 400, R’ 108

Would like to take
more science.

B 485 R’ 495
I learn things quickly
in science.

p 405, R’ 116

Note: Only the main predictors those R° .70 with their beta values were shown.

As mentioned above, from the development trend of from TIMSS 1999 to

TIMSS 2003, there seemed to be that the female student's Mathematics and Science

achievement outperformed the male students year by year. And the male student's

Mathematics and Science achievement seemed to be on the stagnation development.

Among them, the main factors that influenced the female student's Mathematics and

Science achievement were those factors that related to such items as: “Usually do well

in Math”, “Outside school studying science”, and “How often\Listen teacher lecture”.

Meanwhile, the major factors that influenced the male student's Mathematics and

Science achievement were those factors that related to such items as: “I will never

really understand it”, “Think\Usually do well in Math”, “More difficult than for

classmate”, and “How often\Listen teacher lecture”. Besides, the main factors that

influenced the female student's Mathematics and Science learn interest were those

items most related to “Think\Math is boring”,

Usually do well in Math”, “Would like

to do more math”, “Like science”, “Would like to do more science”, and “l learn

things quickly in science”. Meanwhile, the major factors that influenced the male

student's Mathematics and Science learn interest were those items most related to

12
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“Think\Math is boring”, “Usually do well in Math”, “Would like to do more math”, “I
learn things quickly in math”, “Like science”, “Would like to do more science”, and “I
learn things quickly in science”. Among them, those factors that influenced the male
and female students’ Mathematics and Science learning interest were almost the same.
Therefore, as concluded as follows, the previously positive learning experience of the
male and female students (namely, since the fourth-grade in TIMSS 1999) seemed to
became the major factors for afterward learning motives (i.e., expressed by such as
“Like math or science”, “Would like to do/take more math or science”, etc.), and to be
higher achievement in Mathematics and Science. Hence, how to promote the students
having a positive learning experience in Mathematics and Science with a good
curriculum design, an adequate teaching method, and an evaluation system to
maintain Mathematics and Science learning interest and achievement. It deserved to

be carefully considered in the future policy making.
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