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AG  416*** 428*** ABL*** A71*** 496*** AT77*** AGB*** BOL*** 415*** 625*** 651***
A 2806%** 428*** 365F** 391*** AJ7FH* F24*** AAGF** A19*F** 446*** AST*** 506*** .346***
GPA  .164*** 100%** .210%** [1Q7*** 248*** 217*** 168*** 227*** 161*** 302*** 152*** 189*** 131***

*** n < 001

= HRER

TS LU I v s s BN ~ B R R AR A S A ER Oy IR BE BRI 7T X o DAis R A A T
{LFERARIE — T R - MFERAFTRR (51 H R, ROL, p.121) - SRR 5 st A E i (L 5%
ey AAE — R B+ AR W FEE G DY AR 2 B R RS A — B AR - R R HL6 PR )N ~ 6 R
s BRI AL SRR T 2 AR AR A O R o thBERR A4 AT/ ~ 4 BB AT BE - VBRI R
= RERISHA Fr /N ~ SRR o

®4 BEHBRHBHIEFRER (SIBRBIK, K1, p.121)
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1o B ICRR AR B Al IR AN [R] 2 B/ N B rr g e 7 2 > E S e i B 2R i A B2 75 2Rt R AN T B8 e/ il
PRI ER [ - 12 DA v B2 ICRE PORS  S AR DAL 4R 52 2 0 A BRI T S B k8 - 1
FRERIE I BE AR WOMRHR o 55— RE R AR AR — B 20 - JLRR S P rh o 28 — R SRR 37 % B2 A 1
B — BRI A 8K R - KE CRYEER T (RS EAY SR N B - (B AR B R LR = DUE A
B2 B T RESRAIAR SPTERAL o O = REERA AR A = AR LAR W B - LANER 7 AT ER AL o I REAUERAR
BTRABRELS — ZEAL « BRI EEEAR & WA B - SRR 1AT AR -

O ERERERDH

H 421 2B/ 24 28 G RE - SIREEE R BN A BEIEPREEENNE - B/NESE
T B 55 407 41} o 1S PR dh3t 462 452 A 28 > JilfRP FiAIE BE ARG » BRI BE453 1) - It
ob o 623 A L BHIEE > JIBRBEEE ARG 1217 » @SS HSEEE 61117 -

KRS BRI RO ET 77 16k T Bl 3 Cronbach o (R85 KRR IEIR SZ AT 2 0b » SBAEHE % S s i
BN (MANOVA ) BfEfEER (SEM ) o MANOVA FIARR E R /Iy ~ B r B v A RERE 227
IRBE ~ Bl BRA B RS R A A 2R o SEM HIFZ 4 Mg fEs e & (gt B 2 Bkl
ZEECTRRE o

MBIl (R81) AB LA (multi-sample analysis) i# T % B 1 [\ BEAS & B2 BH K # 4
REAH S5 1 BREE B (R 92) 308 Uhs Tl % B A #5520 (multi-group structural equation
modeling) ZRAETT I ERERR R 24T o BRI FERIARA A/ ~ Bl B i o L3 A X R (R B AR
N ATREA [A] o IR BLHF 92 2 DA% B SEM Zehi e = (EBERS 2 B il R s i R S E S 28 -
P AT FER B /N ~ B A R v o R A o R (R R AR ) RIS A - 2l B R R
(unconstrained ) f5% 2 A 5 hI1 LLELER o 43 i SR 5 35 R BRI X0 x 2=1090.61 » df=249 » x %
df=4.38 » FR A & AR AE 25 1« 2=1123.77 » df=269 » Lb S S8 B E i 20 » x 24033 - g%
S FEZZ K ¥ (p=.032)> JRENBS IR AR B S 83 0E (1R 38 B fnr B0 FE 25 B o 4% - a0 SR (B 1 = i
) AT LA 52 » A0t % DOMEFR 4% - B B SIS hN 16 » x 23311 106 » CASEHEE /K YE (p= .00) ° HIfR
% BERY o HT RS BT = (e RS 2 2 G A o ] 0 B8 SRR G W 4R - RIS SR B 3 G 4 o> B GRBA

i £

—  HRIENEELUE)NBRECEIRE

AWFELABL/ I ~ B R A [R] B ER R AL AR A o R - DUSR AR B R IR BRI BE ~ RS B
RIS RHER A RESE £ (R8I - SEEAT BN 1 2 S R R SR oy - UG A~ (] B2 75 g By B2 4 L B IR T
B~ RIS R AR 2B R S A A 2R - B/ ~ B A& 2 = BRI  BHEREREE)
PEATA BRI RE ARG T AR R S A 207 o

®S NBRBLEBIRRIE  RNSESBSEANHRSENEBENTIIBIREE

i SRR L) B RV e
M D M D M D

/N N=407 187.58 37.62 57.72 12.31 28.42 5.97

b N=453 190.12 39.56 57.64 13.47 26.82 6.59

& N=611 185.26 32.09 59.46 10.82 27.32 5.89
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B 7% 8 R B MRS R 2 Wilks A =.948 - S£F] 001 FyEETE K HE > AT LA ATER /)N ~
AR P AR AR B ERYT ~ R EL R B A AR AR = (I e I R 2 R MRS T (18 B A
B 0 ol B EEI TR AR E (BRIES ~ TR AR ~ BT AR08 - R92) » 3 Hr s SR A0 ()
KOFTERIR °

®/6 NBRBLEBIRRIE  NSLBIHRNHRNBNBECELERRIRERLBBER

BEURIE @ Ss df MS F P Scheffé
BhfE i B 6167.571 2 3083.79 237 .094
Rl E2E2TAE M 1136.91 2 568.46 384 021
BHREAGRERE 57173 2 285.866 7.59* .001 B/ N> 3 b
TsE EiEE 101008705 1468 130115 T
R s AAE M 214849.61 1468 146.36
HIRIERARERE  55256.80 1468 37.64
*p <.01

R 20 48 TE A B W oy b7 A E B .05 Z BEE K Ut > W 9R & — 0 AT B S S b7 > DU E I
70N ~ 18 FR R R H AR TR R B {5 A8 I 17 78 5 B0 BESE 72 5 o £ T 0 = (1B B AR AR G UM o R .05 5 ST
H G EHIERER « %5 .05/3= .0167 ° K 6HUHKSE REE R » B/ ~ B Fl G A 7R 22 R - RHER AR
BB b h M G A2 o (R R AR 22 SR ELER U5 1H 0 FiEJ2 7.59 » ANMH 3E H].05/3= .0167 - thiE
.01/3=.0033 {yifi i1 HHE /K e - /iR % B LR 3 » BB/ VA IR ER BRI 115 0 B S B -

— > FRAERSBRMNPLBB N MIERENFEETEGR

AN[F] e e B2 At B2 2R A S G AR X KB PRI AN 2 B A PR R o R SUE & R T e
13- A 2 ~ SERCEEFE B (goodness of fit index, GFI) ~ % % 5# M & 58 (adjusted goodness of fit
index, AGFI ) ~ & Be3@EAIE 28 (normed fit index, NFI ) ~ ¥ {E @A 88 (incremental fit index,
IFI) ~ REHE{p 7215 F5#R (standardized residual mean root, SRMR) % » LI RE @ 1 37 8 5 {8 o = B i
HEFIEICZE > BRSO i R TR s s AR R 7 AR

®7 AEAERERRSERNMIERENEELRFELR

ST g f x 2 df p GFl  AGFl  NFI IFI TLI  SRMR RMSEA
CN 357.29 85 .000 90 85 92 94 92 04 09
h 346.82 85 .000 91 87 94 95 94 03 .08
i 418.12 85 .000 92 88 93 94 93 04 .08

WRIEZT » IR SR R sk B G058 ot 1 e B B OAEE | 2H55% 000 #3HHE%
KHE o (B x2S 5 DR K AR A 1 R T S A KCHE i 8 Bl G 45 S B R R D - IR 2B
2R AN S FEFE R A BRI - AGFl ~ AGFl ~ NFI -2 (B4 » [ 93) o /s SR asiifl ez
BRI RN GR ~ AGFI ~ NFI ~ IFI ~ TLI S8R F A Bl 9 LL | - FEE (L a7 1 5 AR X
JERYRIEZERI A » BT LIRS - FR A5 A R E - SERCAE RN .05 o FEELES R A LR
LR AU SRMR i /2 .026 » FF &/ D OSBRI E 2K - Risia (R93) g AR
SELIER 2 (root mean square error of approximation, RMSEA ) 2 1/E a8 B F & 2 & ¥ > 15 R
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PERAZRE/ NS .05 2R BRS TEECE RAF 1 (good fit) » BRILIHFSHETN S > AN[A] & R SR A RHER I 38
B G A58 2 ST L R -

= FEHBRHBLEBRRIZNE NBSTBHE  HRBNRENLBANNEEYRR

L A A VB B S IE A (R (K88 IE > Bollen (1989) 35 T atim B (F 88 IH 2 VAR » il
TER2IE 2 MRS R B R E R (direct effect) ~ fEERUR (indirect effect) FI2#B5R (total effect)
=710 0 A REFR MR IE Z RO RAGR - DUT (CVEAT B S E AN 7R R8BI - VBE (RO S NB R (R IH W 77
R

(—) B/NBREFRNESNHEHNBEHBE KRS ERNERZVUR

TERHER B2 O M Em AR X b AT 92 LU B2 B e B 0 BT - RIS B - B}
B2 R R A E2 2 Ot I R MR RS I o [ 2 R B/ VER A ) B2 B A ik A i A X v 5 R A A T TR
R it R IEM SR - BLE ¢ 2 AR ek (completely standardized solution) -

T BT BRPT IS RIS B R ST AR S R R B2 A B ERER TR Bl B Ui B SR 2 .37 > ELASE 001
PR & PR 7K HE 5 SR S 1 B2 B2 R R SR R 1) I 3 SR 2 .89 - th 232 .00 e & HEE /KU o

.76 .84 .55
‘ SLV‘ ‘ALS‘ ‘ AG‘
87 92 .74

! 71 35
EEE BT

1.00

.79 23%

Ve AN

72 .72 .84 .80 .80 .77 .

\ \\:sﬁ““
76
52 52 71 64 \,.64 .59 .58 /. .

2 BENBRERSBBRMERENTRAR (FREER)

PRI/ INER A o 22 B2 0 i st P i 5 A 14 g DL R A AR TR ISR R T i » AW TR BOE 2 2R 1
BRI R R R E B - BRI AT e EARACR 5 RHERERE BB R A R AR
WOREFEFNERTE WAl IR UR 5 B BRI RERE S B2 0l th A E B BOR - 1] 2 IO 18K 1R I
i SRR+ B/ NERA ) B R BRS  BE R BB B B IR AR - R (LIS ER R BUZ 50 » i .01
(I REE K HE - IR B R BB AT RN S A B2 R BRI UL A SR R L R B A & LR R R 2 B b
BERIRGTH LR R 0 R R AR RO 23 - 5 .05 HYHHE KHE -

BEot - FHER EL RS BREIRL S REIE R R B BLA 1 BSCR - LIS BRI 34 - 5 OLIBEE
KHE - RHERELE BRI SR B A R UR - PRI ER (RO .35 0 i .O0LHYHHZE KHE -
g R ok £ B2 B A v Y B A o R L R BN L 1) 0 RE IR () O B2 I o ER AR M RL AR RERE
B R OB B BCR S B AR IR .22 5 3 001 HUFHEE AKUE > R BIER A SR} B2 RE IS AR AR M IE
) AR R ER AR ok A o

ok 3 ek £ BT ol B G A5 X % TR B I A (L BB W DU B - AR W IE R R At D - DU
BHREIR IR 89 i - H U B E IR RIE BB AR BUR 50 - o \E R IR



- 158 - woHE oL B OB

FHERE LR 07 » ARGEMGHREE K HE o B/ NERAE I B BRSSO LTI R B Y
BRI DR E B AT R SRR B £ A SR R B R B Ok
(Z) BR2EMAENAEMARHBT KB ERNERERR
TRE B 3 F 1SS % R BBORS SRS - S s S O v B2 A L SR B B B I B BCRUZ 40 » 24 0
RGO HE - S ERAE R B BRI R R I B BUR A2 94 - 5% (001 fry e /K HE -

.76 .79 .63 1.00
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79 .76 84
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B3 EPRERNBLBRMERENEBERE (FELE)

PR i A o 2 B i s P G R Y 1 {48 T SV (BB T B HR SR T 1T - E I 3 1S B 1R
i SRR+ B B A g B RS R B R R B B BN SR AR ot B EBESCR - AR LR R E 0 R
% .54 1 .24 E5E AT K UE » JRENEY i B4 ) VR BRI RN 5 An R A 1a) - AN LR SRR S AT S
ek thm o SRR R RE R I SRR .07 » RIEMGHRAE K HEE -

RHERR B E B ST RLER ) RERE RO 8 B B2 BOR - ARYE (LSRR 0 BOZ .91 - 3 001 Y 7K
#e o RHEEEEIR W R E R SORE 17 0 RIEHGHEE K EEPEQEE’Jﬂ %@s@b’f%ﬁﬂ
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.35 0 i 001 RAE K HE

ok o Tk £ BT okl B G 45 X 24 YA SR I A (B BOR T LA B - (R W IE SR i rh - DL 22
BRI GRREE R Q4R - HR AR RIS EE) H EA BREARE R AR B 91 0 I
N B R IRE S B MR R RE L RO B .07 (HR AR EMG TR K -

(Z) BPREMNBNAEMABHETKBRENERMR

TREE 4 B 18 % 6 B mT DA B 3 o B2 A P R B RO 0l 22 e 0 B A LR R B R Ay e B R (i 2
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4 BRBLERSLDBMMERENTRAE (FELR)

T 1o T B AR o B ol B G R VS T R T B (O TE BB RUR T 1 0 SR R R AR AR
HaEhts - BRLR R AR T G B A B o LRI o AIE 57, 30118 » JRENE
AW ERERRE R AR IE R o IR 22BN SRR AERE RIS At = i (E o 1ot - BHEE
EEE PR MR RN B B A E SRR B L IR REUR 45 0 iE 001 Ay #HZE K HE
ol 22 22 20 o B S L B R ) R A B BUR o RIS B (R B 30 - i 001 fFEE K HE » rp
AR BB o AL SRR RE R AR B o (2 o BeAb o R R A RS RE R
BT R T SO IR AR A A S K YE o J R AR R ol B G A X 45 VBB 1 S T Y 1 B SR T LA
L (ERTENE EBOR T > DI RS2 E IR R R R 805 M - HRE ST IR R
BEFHBNRER 57 5 RNE B AR R IR R E R SUR .09 o

(B /N2 A 2 0 TR AT S B R P T B SR AN R o (LR v R 7 v B A ) T B R S
ZKHE o

00 - HENHBHBERBIRIZANE - RIBBBE - HRBOBENSBRAMOIEEBR

(=) BVNVRERABNHENH B BT KB RN ENR

FEVEA(E B 83 TEUA YR (E AR B IE W B BOR T T > (R[] 2 oSS FR BRG R BEU » BOM B R B A R
BEA B T EEBCRZI - EREREUR - Y BRI BB -2 R RS P2 EE)
B - B B AR ERE BRI R BT B AR R BRI RS KR AE R A o HLREESSCR R .89 X .50
= A4 - EMEATEAEOKYE o EFCEATBCER AL B2 A R I RE AL A S B A = R R B (S - e —
RBEMBEE >R G R RE R » HHEECRE 37 X 34 = 13 s H RN 221
R RHRRER » HEESCORE 89 X 28= .20 ; H=RHMIB R B EHRE-FIEEHH K~
BIRMEERYHERT » MR 89 X 50 X .34 = .15 » At IRISISHI IR 2 48 -

AW TR B E 2 B mT LURE R SR ~ RIERER BB BRI RE L S I b A 1T R R 2R
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ES R 89X 50X .35 = .16 : H T RHANH R E IR R B B ) R R g RE
—EARN AR 5 R SRR IR 89X B0 X 34X .22 = .03 o H T IR H S Rl E s g
AL o IR R .37 X .35 =.13 ° ULAt o FMECE R R SR B BPRLER A R R I
B > BB REMAE R 22 B R 2 r R B2 U ILER R B 2
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fiti » EEEEEKYE > UL AT R m B2 B A B VR A R R ER A s B R ©

TETBE A 8 TE VB O AR S TE A P B SR T T AN FR (B 2 A 1 22 75 SR 5 R S 1 2 A S R 22
e A AR » R B RSB ERE R 2R B K W R > M#EECRER 50X 34
= 17 > ERATHEE KM o AL ISR CRIBUR IE i ELZ R KM > BN 3B S A 2 ) B N A
FHERET L R B I

(D) B2 EFANENHEHPHBR KRS ERNBBZENR

VB TE 58 T S Y ARSI T B R T T > AE T 3 I 1SS IS AR IS SR B - BT BER S p 2 A L
BETA LR T AEESURZI . WETHESUR » 5 B IR B AR >R >R T E)
1 o HEELURZ 94 X 54 = 51 > JEMGHHEIE K HE o Z RS S 22 A B RLER Y RE R 1 R 2
AR E  —REMAE-RIEEE2 R B RS R » HEEERRE 40X 91= 36 H
RBHMMH R LR RG PRS2 B BRI - HMERE 94X 54 X 91= 46 &
AT R IR HR A PR 2 82 -

B R s SRS o BB AT LIRS ER R ~ ISR B BN - BRI S IE N

RO B A B Rk o ARBEIE] 3 AR R R R R R R B A SRR AR - H— R
B BPRIR 2T o I AR E 94 X 24 = 23 : H T BHNIHE-BEIRERIEE
> EI R RE T —~ B Rk - PEURE 94 X 54 X .91 X .35 =.16 o H =R EHE R A
B R 2R R B R - AR R 40 X 91 X .35 = .13 o HIHRE SRR ST RE R Y
PR L PR RUR 2 52 o I — LR BE AR IR 5 B IEH -

TETBAE (S8 TE B (R (R S TE R T B R T T AN 92 (B 52 A 1 52 75 05 B S 17 52 A R 2R
REFE A PHERUR » IR A B aT LUS AN FE R 2 220 B i B0 B2 AR R BB RS S M B LY
BPLIQT BE R R 2 2R B W RHERRE R  RIESURE 2 54 X 91 = 49 » JEMREHEE K
HE o ERR () BRI RLER R E SR AR B R E R 2B 12 LR R B
AR B E L R RE R -

(Z) BRBRLEFANENHEHPHBE KRS EHNBBZENR

TRV AT 588 T S VB A 588 D g P 2 AR /T A6 T W g 198 B AR S SR R T 5 2 S 17 2 A o
BRI T A EESR 2N AR BRI R AR R 2R RE SR 22
MR 2 80 X 57 = .46 » Eff AT EHE/KYE o BB BER B A 22 A4 M RLER R 1 B I =155
YLK« — RAEMBUEE R 22T EhEE— BRI REE  HRBESUIRZ 26 X 45= 12 s H - RHMIH
B ERTATRUE R R » AR 80 X 30 = .24 ; H = BHH R~ B B E R 2
TR R B > H R Z 80 X 57 X .45 = 21 s &FT = (IS AR I HE R 2 57 -

Beoth > FEmE s T LIFE B2 R - RIS I - BRL 2Ry RS S IER R A T B R AR
AL > WHEBUIR R E B IR H— R R AN B R~ EBRIR 2 H 0w > MR
7T .80 X .18 = .14 ; H R H 2~ ERR R 2T B2 80 - MR E 80X 57
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TR B85 A T R R O AR MR LRI B R 2 .36 > I — AL A B (RIS IE il EL 2 R K e > H I AT R
AR A PR R B B -
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AR R SR B KB HERUR o ik o AW FEE B2 A SR B A RE 22 3 il k2 A5 PRI 2 4K
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TR 94 > FRIEEBUR o MBATBCER 2L SRR REFE LU EEROR » WAHBEESCR »
DI AR B 22 A SRR R ) 28R 82 IS A E R - Bhot - BATEUR B s 4 27
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oo EEMS - BENREARGRA -

o P A A X % VB S PR R R R - BB B A R BRI 2R 80 0 HAR
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The purpose of this study was to investigate the differences of students' perceptions of their science learning
environments, motivation toward science learning, attitudes toward science, also to examine the path
coefficients of aforementioned variables among primary, junior-high and senior-high school students. A
stratified random sampling method, cluster-sampling unit, was adopted to select the required student samples
which included 421 students from 14 primary schools, 462 students from 15 junior-high schools, and 623
students from 16 high schools in Kaohsiung, Taiwan. The structural equation modeling was applied to
estimate path coefficients of latent variables. The results of this study showed that the primary school students
exhibited more positive attitudes toward science learning than senior-high school students. Among primary,
junior-high and senior-high schools, the total effects of learning environment on achievement were .34, .35
and .40 which included direct effects and indirect effects. The total effects of motivation on achievement were
42, .49 and .34. Primary and junior-high school students’ attitudes toward science on achievement had direct
impact whose path coefficients were .22 and .35. Derived from the results, suggestions for science teachers
were discussed.

KEY WORDS: learning environment, attitudes toward science, theoretical model, structural equation
modeling



