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A student into the difficulty of ninth grade students in reasoning

buoyancy problems from the perspectives of force comparison

Abstract

Buoyancy is an important but difficult concept in physics. Students need to
integrate knowledge that they have previously acquired about density, volume,
mass, and pressure. Moreover ,they need to understand Archimedes' principle
and concept of the abstract force on an object in liquid before they can
completely frame the concept of buoyancy. In recent years, students also had
relatively lower performance in solving problems related to buoyancy in the
Basic Competence Test. The researcher found in their problem-solving process
that most of them were not familiar with comparing the forces on an object in
liquid to solve buoyancy problems. Many problems could be solved through
comparison of forces, but students' minds were restrained by other complicated
methods and could not solve the problems correctly. In a review of 18 local
studies of buoyancy, it was found that none of the existing studies used force
comparison to explore the buoyancy of an object in liquid. Thus, the purpose of
this study is to investigate whether the learning of buoyancy would be easier
for students through comparison of forces on object, so as to enhance the
overall learning effectiveness of students’ on buoyancy.

Based on the concept of “force equation”, this study probed into the
understanding of students on buoyancy from five perspectives, including
buoyancy of “a floating object”, buoyancy of “a sinking object”, “judging
whether an object is floating or sinking”, buoyancy of “a floating object after
liquid density has changed”, and buoyancy of “a sinking object after liquid

density has changed”. Before the formal test, a pre-test of the test problems

II



about buoyancy was conducted to ensure validity and reliability of the test
instrument.

The research findings were: (1) Students familiar with the concept of force
equation demonstrated higher correct response rates in all aspect of buoyancy
problems than those unfamiliar with the concept of force equilibrium; (2)
Generally, boys outperformed girls in all aspect of buoyancy problems; (3)
Students who used ‘“force comparison” to solve buoyancy problems also
outperformed those who used “density” to solve buoyancy problems.

To sum up, using force comparison to solve buoyancy problems could
reduce the difficulty of solving buoyancy problems and also enhance the

correct response rate.

Keywords: buoyancy, misconception, force equilibrium.
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Ag g B P g o
1992 | 8E ﬁﬁi?ﬁ@ﬁf’iﬁ?ﬁﬁ%“%ﬂ&%’ﬁgiﬁﬁﬁ
(prior knowledge ) # iwﬁﬁ(m%mwmm)mﬁﬁ%
% i % o
1994 |42 G- A ARt A o F - BpEEnd 35 5 e T ¥

bl kAR - RREEALERN D - BHMEDL RPET R
A HFEDR U Rde D A E S B R - B
s }1)\5‘“9?””,&.%:#% HER e A2 S TR A o F

hImEF LG e Ba e P EH o RA LK B
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1994

tha @ YT RRATERALA B L i ¥ (conceptualization ) o AT

mr] :'\‘ IB" Li— Mg FF %\ﬁ j—m;ﬁﬁi—*&_ﬂ # ’F‘i:u & L '/‘~ j\tﬁ {7 o

1996

Flz = PEA 8 s

CARA L TG A

-P\

1. ?;? fj E——/&E’:H‘_"ﬁrtﬁ °
2. A td A B BEERR T 4o b A
BrehAd T EE o T A3 BHEME- 27 o

Bt L0 - #5 4 FHEL 5 g

2001

5E %4 P&~ A8 - A E A8 A (concrete concept) » 4p ¥ 4+ &
MaBFH bldr B3 v+~ 235 5 - FETAME
(defined concept) » #7dp A% i * dgeuih™ 34 R F Y ohfd %
PLA  RA P RERE Y T KA T o bl D

4 F o

A
1N

2001

R PEAR ALY fofdnl B B & A 0 A FE Y chB ¥

R AT F T AR o

R CF K e e ) LR b R e

B BRAAE D FEHEF A AR T AT L 1A

PL A

SHROMEE K oV AMADY S HEY R LEL o
AR B A SRR Y e RLF R R P
RIF Y 2 W5 b o o L8 R I (Plaget) fof 478

(Ausubel) ## 2E TG HEY LR Y R EPFHTEFHE

4L

FFe

V30 ATehHE o ¥ - 26 o Linn (1987) 4580 > 3% 5 1B kT
HEAFY pRPFEB) LR - Rihg 3T

F4AFY i > 2F AREY - ffleEgaid o
BE YT FBIFEART A

12




3 B2 h3; I afVERYPRFLLEDES o
4~ BV 2L aucg o
TEY TRL R 0 DATERPERTERIBEIPE

FYPEYR 17 bREFIPEBH L 282 R L
AT R ERD A {4}, e B HI7 0 E I E X # 2 agwesk o Posner o
Strike > Hewson & Gertzon (1982) & 47 & A F > & 47 - B4

PO o dp i BRRL R R R

1~ Hpeadinrgt A4 7247 (dissatisfaction)

2~ EBHRESNLI (intelligible) eh# & ix it

3~ iz E &1 (plausible)

4~ prigi R g F ok 0 (fruitful)

gt v ERFAFAMERETIFY ok LA F L (2
£01995) BAEY2 {4 TR A2 T {HARY LEH- EFRFE 8
’4X§gﬁv%‘?1§iﬁ}ﬁvﬂkm€% BrA o v T Wﬁﬁjmm@{q\@f Rz

/:',Elﬁo

AN

PEAE Y ch¥ - BFEE AT LA (misconception) #7F B o 3F
HEFIp N A RADBRZ AL APFOMET R A B2 PR B2
¥ A G R G Aoas (prior knowledge ) ~ i A %4 (misconception) ~ ¥ F AL
# (children’s science ) ~ £ % $#£ 4 (preconception ) ~ & ¥ #£ 4 (intuition ) ~
¥ JF 71 (alternative framework ) ~ A 4 {453 (spontaneous knowedge )
% % - Stepans ° Beiswenger » Dyche (1986 ) 45 » ik L4 4 £ F % '})i"‘,/f

G0 G Y- BATIRLE AEER o B4 M8 R OB EPEA § d B e 2

2

%{%‘! ’t/' o
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$o8 3 MELEmASEY

LG AT Ak p a5k EHL EE 2 LA Rag
B o B RT R o A R R A BB Y H
£P kAT B2 KA PREFREY FTR G LML o FI o # R
PAETLEE RT3 W REDEE ) GEMA R ORFLIE AR
RESFY H LG rningd - ppt Fodhh 2a 0 F{ Arnaeiis g
PR RTL AR R L R ER ;sﬁﬁj_,r SR Nk
ERA S ARE S EEARAL PP R AT B - §F Y G
WA }a J E‘,*‘?\ﬁy*ﬁ?}i?g“mliﬁlﬁp BRI ATIZ s 2N R R
R SR RN T Y FRRA AL AL DR
FI2 AP LF LML Y 3 55 milES Y S LG e B

%

e

‘E\“\

- CHRLIEE AL PR TIE FH

FLMAADL T Rp R P A A REKD AFY R LT
RPN E A HEF SR RE - oL g (FEA > 1985)0 T E R
o BARREET R CTR D AR 0 BRI N T LA A Fle e R

ﬁgﬂ_{ir'f 2

% 2-2-1 B4 g LPng ens FlE kiR

x| FLK g LPEE PR R

1982 | Sutton & | |- E EwTF B5 % o

West |2 TRTERETE o FU AT R LA

3. F feernk 2 Rt Afeq it o
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1983 | Osborne, | 1- ??Jﬂz; A EY SRR ALY sk F RS R
BFFORG  F 0BRGP F AR RE R

Bell &
2. BV S HPARTH LT FHEE 2 AFHIFRED
Gilbert .
HE T BIEfeT G h iR
3. 4—*—5”75 '*’**wl%? é)r_ L ﬁigﬁmt/z’f‘:@f
£ 7 g'&i-&éﬁrﬁg\ £ om oo
1985 | Fisher FALPEA KD 2 F I E s B aUR A s ITEirER B rian
IR
1986 | Shuell FUPAE R W R B FOPF B2 T 0T o

1986 | Head | #LPEEHREG I 7

1. &P ¥ ehi5 % 22 % (From Everyday Experience and
Observation ) °

2. g1 A& 4 auR % (From Confusion about the Analogies ) °

3 HJ%%?] F pkenig *  (From the Use of Metaphors ) °

4. JJ %= it (From the Peer Culture) °

5. kp - xR A (Innate Origion of Some Ideas ) °

1987 | Reif WLPE K p W F AP g o fa s gt o

1989 | Cobern | 1. F ¥ 4 FouLjz .
(1) & X 7 chims o
() i -
(3) &g i -
2. BY FA2hT 3 B 28V FRHT Dy
() B¥ F %G i S amiga A d g 2 |
() BY Fh1 pr 2Ll E 1 f# e
Q) FVFHHEF R 2 L AATEY Y m2
2R LB £ o

-
o

FA

%

1985 | Driver |1 H A fpLL I ARFREDERT > F2 L T2 47 R

ZengF et o
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2. HIMHBEE  ARMHOERT > B4 i BY A
B e B e o
30 BUENRL BUIRRE - B FALALT D
WAk G R g o
4. MUEFIRAIL D2 AR 6P i i
& - AT R B0
5. ApRA RS LIRS FA Y P RETAZI AT R
Ao e L RS G o
6. PAGIENE B2 2 Feprhd 2lF - BRI T
F - RIELEF AR RIR
1996 | Duit L EFaE % -
1i5 |2 PETES
. 3. % TR AR
+F
4. B AMERBY PV o
5. kg o
1996 | Stepans | 1. REFHHF Ik L Pk L 28 (awareness) ~ 48 o
2. B K2R AR
3. REFRAEHMERILEME %ifr“uféi TEE
4. THFEY FRTELLTRfE ) DEK -
5. A angi o
6. FCEFE 750 i o
1995 |24 1 | 1. AR5k L
2. PERFFAHP -
3. BERERFR WAL o
4 FPFLRF L g
1998 | zpi |1 X ALS AR oo
2. P FAFIHEHREP AL BT FHPE
3. XA EEOREE
4, R0 N HF P o
50 REZHBAFIFABFTORE -
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B MR T RASRREE TS E i

& kiR (£39E 5 1998) ¢

(=) GBIV - ETRLRLAEATINOIANES SR 7 s

(<) SRR TR | lm; iFI'E' Jgiﬁpfjﬁg%éf LR S 33

(Z) TLFNFEERAURYEE ggw

<W>5%%%%$W%§:%MW%W@WE¢Ef e Al P
2 A o

(C) 5P ol b Pk R RTEVRYRS - SR P VR R - YR
%QW%%°WT§@ﬁ*&iﬁﬁ*&’EEW%FWﬁ?wﬁﬁ
Rl B BRI

—wLLl
_\l
iﬂH
=
ik
&
Jg%
g
=
<
—
‘_m}
®
&y

BT A SR ] o PR s T £ BRI

PR A RIS T T TR F o EY A

T kA KAENFEARE A A KT R hPHa
Foobo AL T B i D ik LA R Y g PR KT R
PEELIENER - AT F o BFF P ap B ST L

%0222 L LA el

RN HRLPE FE
1985 | Fisher Lo#prgfrd ROHE] IS 5 LRI
2. H T LmAEL T Fibl
3. A Mgk LPEA IR ) B ALaEE S N REp ek
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L PE L

FLPESF RS 5T PR A e AR 3 e
hpoeoeEnAed s 2

FU L PLL R S PEE R W B LT e R

Iﬁ.ft?i”?ﬂ”ﬁ HE LPEA Y i AaB 2 N RETRBRE

1985 | Driver - WAL 2 AR A B AN R DR %R B

T ,_/ & ’ + m =) 2 _” ); 2": BN

Guesne e Py § g P ARz 21 up e ey % p
Ligsk o EHEdip e PR & o

&Tierghien
AR UMETERZT HE A - RN FE A ﬁ;,f;t%;:w
BWafs - RehE B M F ¥ L e - fﬁ%’flﬁﬂﬁ - 7]
(#‘57 ?\ ey 3 )
FARE 97} TP B AN E R L o K p e
PR RS e R o T 0§ HibEafEE o
E oo P ARES o A TR o
HLRPEAR L F B F 20k - MATPN FERR
FAREE € ﬂﬁﬁé;%}ig% MG OATEC R o

A RROEL TG ALY D

BolftiF AL APy L BB ARG o 4K
VEBRLP S e ngR kST HF LA
Fwl FEFLMEF AR - BRSNS E - 2
PR EA R LI AR HFLMERF AR D
PR FE AR L F IR

AEE L LEFLIEANFEF R A b
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2002 | e L7

2. % 43
3. AmAarEd Az b 8 AR - AL G- 304
1986 | 3 " A Lo 2R v R F PR S > A s T B AL e

2. HAIEREABRAEEE EME Y o

3. M AR BEN P ALK F LB AR EA

F TR o

4. Bi g B R LA AP E R s 8 dpiuahd
bl 2 -

1989 | 31 ¢ = 1. FARIEA R G Bt RAER & funfe sl o

2. FRMALFRF G2 F BT HIE -

3. WAL S B B el

4. FRFEAV A AR - AE Y o Z Y TR P o

5. wARmEF LA MERE M FELT A KT AL

@5
6. FLPAA X PR FIFT i 24 G~ AT 2 FE%HKN KT

8% TR

FEL R 5 2R T -

RS

PRFELTFLFHPFEERME DT 2GS H b F e )
* R E B A L AT B LR T4 E 2 187 2% - Osborne # Gilbert
(1980) {4 & % fie 7 )t B X e 42755% 5 @ Halloun ¥ Hestenes

(1985) Pl * EHPIKRIL > 2 RETE2 D FHRAMmE - Rie o ]
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PR REEHFLI A METF IR ES

m

B2 REOT

i
B AR E AR AR $OE L F A e S B ERS ik

Z I v Tﬁ:”ﬁﬁiﬁiﬁv%%;fgé’.\’%’%’l’r TEREH N T A

EROEN B fRT RE L A PEF L AIRBI A Y o A LR
cH Z FESY S ERE e 2 (two-tier multiple-choice instrument ) ki (TF7
(Haslam & Treagust, 1987); i3k { 7 * 1 % J1#2 4 B (concept maps) 7
SN RIET F A i LA (Arnaudin et al., 1984; Wallace & Mintzes, 1990;
Hazel & Prosser, 1994; Mitzes & Jones, 1994) o 3% 5 chd 3 @ > 13 K3l
FAEgRFTEP-FA N A ER AN S FE P

( Osborne, & Cosgrove, 1983 ) »

BN F itz (2000) § 45 01— an=R p A AR R EY € 7

g

(U

SEXFRHA M TG R LB F Y A AL e
A

1‘+i
—t

» BInE B ’ﬁ&f%i%*ﬂiﬁm_, /Z{‘ﬁﬁ D ﬁ-—' U
(- ) =3 (interview ) :
1. =323 58 0 7 4 2 =k %23 (clinical intervies ) ~ A 37 #;% 52 2k
( Piagetian intervies ) ¥7 *x %1 (think aloud) % = ;%
2. BABHERT T RA G BHS ( structured questionnaire ) ~ 2 S
;¢ ( semi-structured questionnaire ) £3 T# ;% ( unstructured
questionnaire ) & = &3 ;% o
3. BT R AR TORU ARSI EF AL T T
Rt b s -

(=) v wrirls
1. @ %:E #4274 5¢ (conventional type ) :
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ETIS

B H

A (2002) 1995 B v R A E RIS L T A
IE%.;%L:
(1) 3059 3 3 R 5eh- BR800 5 AR I fFaEs o
(2) AHTPF o WA RIA BT R o
(3) " EZERE 5 RN F o
4) 7% ok B plE o 1L R aRER

(5) ¥ ¥ (TR E iRk 0 KL EF 2 i LR o

- BEVEEAN (two-tier) -

Treagust f- Fraser (1995) 325 = B3V RS+ 7 10 G »ueng 7 i
AL o HimfrdeT

KHBHEA T A B odsid -8 B 4 Bl— & 3 mt
BEMER P FRRA AT MY o TR RSB oF
BiFpd » FERMSF R - Byl L U e e

ESE ST 2

%—Qﬁggﬁﬁ&ﬁﬁﬁpfgﬁigé%’&ﬁgjﬁ\?%

REFRE R > 3 B F FREFE - A (two-tier) TLE 2 #7iR]
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24 & 4 (Odom & Barrow, 1995 ; Treagust, 1997 ) » Treagust ( 1988,1997 )
A BRAEABTVIRARLELNER  REEFEBTY DR &
B BFLBA B E Y o FEFE YT URELE 4 dhiyE LR g
2o BE AL S o T FR AR RFTOEPNF 0 T T
TR F R G A KA NI EREA T RSB ETRR  F L

VRS jRE A AR SO LIRE o T F o
O REFRACHEERLEOFEL H APE KT LR IARY RS
PRFFERLLIZER TP F LA EPRE  FRE NN L EE 2
FYHFL AR P g e 1 L o e 2 R fI
A REE NNt ig s RSB R A FED BT ik

N Y T YT
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o2& 4 TR MAFROENAY

B4 40 £k PEHTFLE LI RTEE S 6 FH B 5

§AFYEMEA - B o A AT BRI e o

=

2 > 413 4 Inhelder - Piaget (1958) # 3 247 7 € BLE H b bo i K355
L@ pleAvdp ey B o L1 Bic# Piaget’s FHanu A B Y O 0F
¢ AR G - F8F7 1 1 & -Rowell 4w Dawson( 1977, 1981, 1983 ) /& * Piaget’s
e kRt DERITaY BB EY SR AFEEY

JBFRE AR ERE E b R L F R F i

% (Biddulph, 1983 ; Hewson, 1981, 1986; Hewson & Hewson, 1983 ) -

BARARSE B S G0 - LB RS S 4 R RK T 08 #E5¢ (Biddulph

& Osborne, 1984 ; Simingtion, 1983 ) I i #4832 35 7 Z & #3031 L e

¢ # (Halford, Brown, & Thompson, 1986 ) o pt ¢t » 7= 3 & * F g g Kk #7
B3R A 2. % B o (Smith, Snir, & Grosslight, 1986, 1987 ) = Snir (1991)

P RS ¢ e B BRLELA 15 3 e PR chd RO % chi2 8 o d % Snir
PR A BB AT R R P Rk s Bk SEHTRL ehE L

B fEs 0 BFEAC R S LV MR TR R X8 %
o
B PO S Aaf k A SRS TR RS end BB g E T - T ek

i T A SRR Ao R TEER R4 A A A o FALGERD
B4 Tgrh g - BELOP S PRSI LS S e taF o
BAIEr > FiAd B L FR - BAREY > RES SRRSO

A o NS B R T A2 EY G M 4 TR bl T
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L 2t Ebamfhge (L4 283 aps L)

2. HE kL nd A Rk iR

3 ;}l{,aw%:‘ BEA TS BIRL oo
4. F vk gk L Deigd 4 o
EERLLAE o F S RN P - AAERFLRE G T

R TR RER | RBLEF - Fh L FHR R0 SR

ERF O FMBEEER BFERYERENES - 0 F 2 FHFYL
A 7

£ HWPES ST e AR e 3 (1993) ¢ TP bR
MR (S F )P E IR (M) R B e L g '
A REN RV AAS AR - AP 2R AR O ©
PR B (V) =# ok kil (V) - L84 0
R > THRMERARMAG o 2PV LV o0t Ad iz
RRP R T AR TR e P RA P AN vt AR 2Fe T RS F
A A ENFE=F —Fr 2235481 %t (4o
2-3-1)> %4 a5 4 ISR Fept > PO LA Rle - T
RlG > XFIPBRS I AP ApE S wgpk o T ApT fren e

B 2-3-1 54 =% (A% @ 4 XN¥kT dRAE > 1993)
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AhF BAI S WA LE nier O MEELFH T L5 fo

b P24 o dok H AT £ & ﬁ%ﬁ%%ﬁ%@%%’
B - R4 URPFROT Lo $ﬂ$&%ﬁi » H Ry

<

%fﬁﬁwlﬁiihi4ﬁﬁ%o

L
gl

¥

s
.J‘;t :
f

»}
As"%»ﬁ“?#

/&‘E“I&'Eﬁ ’ ?Kﬁ

() FAKRARE
BEXNRWMBOPRL I e P angd o 5 ] B0 R R
IlehE 4 Eﬁk—«‘?ﬁ*?mﬁ’%% HRIZL o P AFLARIL DN & 7 40
3% 4 R e =R WORAX W AR THH

A AL R R BEOHAT M A PR R OR

E=!)

RiZF MG o MAKRRIEA G 3055 Rl > a7 2 BB §? f-

2 EAY AN RIS E R B ki L

Y o

PIGER AR BB PP f el s T A 2

A

&

TR hE A Gioigd Fedpgt ol mikgene § G>F o s
WHEESARURAR PHIIN e EieTHmEd > FFRAREY T

cF GR<F 0@ FPHIEA<RHEZAE > FHII > EEstd
E4 > Tt FREARMY PiF o5 GR=FF YF PFHTA=H
AR A D A TRk o TS TR T R E R T o T

MR F R NE PR e P FEEHT OB RT G o P

o

FHBAT G AT 0 A

¥ - 25 0 B3R RETRER A By 4 (1994) 25 A 4
HEMR2BAFLFEATTARFAIZA2B A (- )P AN
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(Archimedes) #2f#5L % » (= )ieiflnz (Galileo) #2§# 43> w2 (=)

IR S S STy B

(=) F#AK4 (Archimedes) 58 % 2. 28 4%

PAFLFHAS BEREFHY EFFALHE DB FFHE

oo @ SRR AR R T G T IR T Bk SR A T o
GEF Y - B AREY HE R o e 2RI e TR o
P K EHIFNA T 0 - B R T v Bk LS d B
2BEE L o - BREN 4 SR

FE%‘} ﬂ;'?’*r/&m R ﬁé‘ﬂ ¥3 e ,gé’r,q. —MipHE R - 8
AEELT e 6 A g tideg > 264 2 o3 A b o
b A KRR AT Gk R LAl enE - 3 L E e

.

B TR MATGOR G > A R4 B AR R o T A
oAk AL AT e T B A e R i LB R R

LR LB ST AP F S D ER R REFEAEHE ) i

TR o RARAEERINRRERRNEE -

*37?}

B 2-32 FPAAKREGSS T B HIEHRITRE

>
W=

TEHREEP 4T o BER AFTB L E3 B 2EELE SR
3-2

i
-
»k

232)c FEBA-Beht e 5S> T4e 5 PQR

]
EEFBAPMEREF > yRrEAFLF D LD~ R

b5
jﬂ
=
Q
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e RAER C AR AT BB - N AT LR A
¢ Do B RAFE - o TR AR AT R - T EAE D E
PR RMCe B0 PQ & & QR & SHE ShE BT 4 % o

Fp o DL £ ETHA D e E -

Fe ok ?ﬁ;%i?’é%"ﬁ?i&ﬂ:— BB 40 Bl AP
B E,Tk,lg\ﬁ_lt}ﬁ‘ PP - o AR T TE AL T grniE

it A2 AR BT EF AT T ERMA G TR
2 E R T PANMRMI LT H R KK v OBRK 0 #
PRk e FFendd 23 (8% 4 o

(=) #eifle (Galileo) $HiFMIm % 2 28 & 5

I}”\.”IT RERSRES i B W=p) =y —FT R Sk T

=N
L
7\
2
=
=R

weight) 22 Tt & | (specific weight) 4e 3% o 8 F g N & | 2

ABFEE- LPMBETFAARDEE > 2 A TEEE
AN EAPHNEEPR T L2 18 Pofflipx FEE s T4
(moment) & { 8- % BF & & aprh o veofflvs 2 FHR § L2

2 é_ﬁ)g Rehy B vz q s (B 2-3-3)

B 2-3-3 4c ok $HIEREIN % 2 398 )

TR MR ARG PO EY S B FRIFANKREER



HERIR XU o Fl i > FHRBRRINCE Gk Tv St v £

Bl g ARG o FlA o 8GR P A K 4G R I et B R RY

N~

TENHFHE 7 AAMT T R

I

o X ¥ B L PRIE T A R

N

B il et A vk R B Kz ke T iy

R
=\

KB® AT o T C=A+B @ R RIT A KPP 2305 DHCo d b
FHER o PR AT BT A 0 o R AN AL R IE A E e 1

S EEEE

(Z) RAPFEE FIFWR 22 28 0

FAPFEF R - AR ARERDFFER —
(potential energy ) > $ 2 & 34t = i BRAE I - B E L
Sii A TR R PE 0 B A e B BE o K A A - 3 BT
RAATAE D o e T R o S F R S AR 0 AP
FEenP RS K Sieh- oA P ol e gk AienT ek ik o

HEBREAT A 3 > b P 2T 0 Fa b r F 801
G KE R - BT R - B PR R G RE O 0 A
e L N TP SR SVRRIECR - EE WL RU R URGY X V. B2
AR R R B AR k- L0 B R ALt i Pl A MEERE > o
€ 1Bk P WMo e kAL ia AE R B I Ay A AR R
g AR PP R R FRET R o

I ki FlaE A MERPE » FRE S AR G 0 FRAE SRR

VYR R LB A KT R R L § TR 3
ZBPERE(- )P AN A2 (o ) bofln 2 2 k(2 A S
mE jfihe- g A FALARARIEINEEMERE R
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Pt LA 0E BP o M E B R B RB P E R T o H

Wi

Ko PofvE IR R R F TP A KA RIL A UM o A ik B aEH
A AR STt £ (specific weight) 2 T 4 4 ;(moment)

PEATAR iR i - B3I BY o Ml T4 BeMBELr ¥
R AT T R e Bots 0 AP IR R R U BEA IR LG
- BRI R P o R R e e 2 %’ﬁd P RE AL EE 2 4 A
o BEED TR o ) SRR E TR > PE A g B
AR P KA B GBEBFEpG LR - BRRER d LA HT
FEE B A PR Y B LT RS PR it
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S8 24 RLIMAZ MY

3 LA LAY ?1,%4’? 3o mthe '\"1;?%‘* » Hewson
(1986) § é+4to > S H2ba 3 F4 7 2e P Aag Y pPERFLT L
ik LPEL o Hewson MA LRI E B ZEFFAY Ay HE %5 40 &
14-22 e 2b Fenn? B4 - BEFR 1 E 4 52 ROk T DR
i Pakd TRAR | cndamid > FH I THA ) O oG - F
AL ED hjalgpr > AAXT TEE | Rl 7 s gl
ie 5% THAE ) F1F v Amen| ¥t o Hewson 3 s » BV LR 2 3R AT
3R 2 g ORI AR, S E mfi&t TR R RS A F
ARG B o A Sl E A AF YT AR IR R € A2
Flg > L F L RRMH AL S HTE MWHE - BREE 3 AF S Y

7 EL e

AR R EPEREFATIRLNL 0 FEE - L Ffa (1989)
EOLATE S FREG CHF L (1991) £HE 4 54 i LmARGFAY o
PREF ~ IR B2 NFARY FAHEES MDY 3 L 2
THERAEY FL R mEDT F HEHT AL

l. +HF ke » Flov AP 2ehe

2. FREE ARG > FE T AT anE S bRk o

3. kAR e SR AR R R AR S o

4, FREE kY P RTEIRATE R ihd TR A E AN H RN B

FURA o
5, P RZEA-KP PO RTEINA R R e TR 4 fode T ok i

ECE L) B
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TEFEF CHFL (199]) RIEHA FEL T FEY TR

She

L
PR A 5 7 RE AT AT e R R LA 0 B FLIRA
FORF WP AL RIRE B R L T H R
BFd i L MAL B G AN AR ER s A REY A R R FFLY
Bz (S R83% v ~ @Y ~ A5 T ~ 2 3 A 0N T ) ohg 2

¥ AHZERDE L > EFERELMENEFE ALY 2 g0 B

-

ARAMAFBEHRIPAFE IR DI ML A2 2 T PRTRA

(‘kr-imfrE"\/z,\—+’3%.)jl\ﬁ’*f§lg_$;ﬁd@\,q Gk R o

25004 (1994) s4F M- 52 0 §F M F R koM FBERF > &
4?ﬁ%¥ﬁﬁm~%ﬁﬂiwﬁ%r’ﬁumaéaﬁﬁia%%w
CFME IR B ERE R P ERRGEATIRL S AW e b
SRR A R LGN B Y S e 0 ) SRR R BA
BRA SZHFZB R NE LR A R TGS k5 AT Rk )

—\

R R T BT REEINELNREFEAT 28] 2 2 F o
BA BRI CMFBRAF L 2 BRSO HFRD] o A IR EF A
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2. p - %M (internal-consistency method )

AFT T 2.3 % 1 & 12 Cronbach's Alpha 4 17 32 8L [ - R &2 47

TR L FOE RPN - R -

AL P IERER AL AR -T2 Fond 254 =2
Bris (AFL33 4 ~BFr34 4 ~C7FL33 4 ) £4 2 1004 » EXE
Rl > AL FHBPEEERZ ALY 0 B F0- 42 Cronbach's Alpha
lics 0.80 » EH#B LimA 2 T4 Tgr jms TiEmunss 24 |
TmagemEd A TR S e R TR
R ER i B TRN TR CR TR g BF -
40 H ¥ jRgenis 4 22 F 4 o0 Cronbach's Alpha i #ic s 0.885 ~ i 4 %

BT (S HIE R g 4 2 58 Cronbach's Alpha 2 #c s 0.879 ~ 248 %
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R g 4tiu Rl g 4 32 2 eh Cronbach's Alpha fx8)c s 0.857 » iz = #5en
Cronbach's Alpha % &?K %085 F ;@ 4 T 4 e Cronbach's Alpha
%8s 0.763 ~ %%'E’ 4 B E 4l ik X ¥ 5 40 Cronbach's Alpha %

i

# 5 0.784 > &3 47 & Cronbach's Alpha i #c3® & 0.76 72 b 5 #EF i

&R

%4 82 & 4 41 Cronbach's Alpha % #c i 0.657 Mt 0.7 (8 4

3-3-3) BEFTHT L AT LAERN BRI - B kR

333 FHERE - PRI EFYRA

RO BR | ME | EHF| #HR
1| 86% | 0.230

) 2-1 | 609% | 0.406
) 22 | 34% | 0356
x 0763 | 3-1 | 67% | 0.380
?;i 32 | 479% | 0.454
< 4-1 | 64% | 0.487
42 | 63% | 0.488

- 51 | 55% | 0611
b 52 | 36% | 0.638
£ Eﬂ 085 | 6 | 52% | 0.542
i 7-1 | 48% | 0.726
& 7-2 | 49% | 0.708
81 | 38% | 0.725

B 82 | 35% | 0.778
- 9-1 | 86% | -0.039
*f_, 92 | 65% | 0.157
w0 s ases | 0387
f«g 10-1 | 159% | 0.144
4 10-2 | 38% | 0.266
103 | 19% | 0417
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- 11-1 | 71% | 0.420
" fF 12 | 42% | oc6s
jﬁ 5 12-1 | 67% | 0402
g 4 | 0784
T 13-1 | 39% | 0.569

e 13-2 | 24% | 0.713

7 14-1 | 33% | 0.665
g 2 142 | 25% | 0.745
o ? 15-1-1 | 54% | 0.543
# & | 0879
+ B 15-1-2 | 36% | 0.742
:

w ¥ 16-1-1 | 59% | 0.541
£-4

£ ) 16-1-2 | 449% | 0.769
o 15-2-1 | 66% | 0.536
R
j 15-2-2 | 399% | 0.737
R oss
R 16-2-1 | 34% | 0.538
P [xd

% 16-2-2 | 30% | 0.596

fOATERERAKE B is B AR A R AR L
R e R VS BVE LES S SR ER S E LR FL
Ak BARERE L LA FAG A REG SRS S o &1 R
177 % ;éﬁ PSR T ALY 0 % = ~= % & 0 Cronbach's Alpha % #i
w0840t s @ % - w Rend LA A e Cronbach's Alpha i #ics
40748 B AR E LA B RNER Y A 0T 0 (£ 33-4) B

ARG 2PN REY AT L O F N o
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4 3-3-6 # T fF—i5x4 FE 2 FE A 703 ;8 2B L (Rotated Factor Pattern )

PR Factorl Factor2 Factor3 Factor4 Factor5 Factor6
1 0.06513 -0.05871 0.03093 -0.08449 0.03601 0.34341
5 2-1 -0.01421 0.05142 0.13152 0.18189 -0.08302 0.76542
i~ 2-2 0.13135 0.14819 -0.00675 0.27524 0.03451 0.77785
e 3-1 0.08924 0.54789 0.28290 0.03664 0.07183 0.33667
3-2 0.13704 0.47809 0.21150 0.10572 0.12844 0.41894
4-1 0.14739 0.85694 0.15617 0.16913 0.09938 -0.06402
4-2 0.18360 0.86303 0.15748 0.17452 0.11151 -0.03017
PESRTY 0.35413 0.46767 0.09100 0.07246 0.23894 -0.13560
?E—';[ 5-2 0.56807 0.38843 0.06355 0.22910 0.36160 0.05716
5 6 0.48847 0.13469 -0.00050 0.23363 0.35388 -0.05909
Ju 71 0.63217 0.13231 0.04443 0.36030 0.41393 -0.01305
7-2 0.68862 0.13726 0.05776 0.25744 0.41978 -0.03244
8-1 0.36271 0.54296 0.46827 0.11713 0.12630 0.12524
v 82 0.40815 0.47330 0.46580 0.11302 0.21638 0.14310
3 9-1 -0.03372 0.06103 0.27020 0.05550 0.73607 0.01473
% 92 0.02542 0.15051 0.17276 -0.05713 0.83293 -0.03391
J410-1 0.22669 0.38477 0.29925 -0.00554 0.48450 0.18516
10-2 0.25583 0.33022 0.21190 0.16301 0.41522 0.25020
11-1 0.14028 040111 055700 022887 027822  -0.03195
Hoo11-2 0.19533 032367 054064 028240 037743 0.04208
#1241 0.21286 0.23313 0.55410 0.21303 0.27593 0.06164
1222 0.08354 0.07100 0.51167 0.24188 0.23947 0.12238
7 13-1 0.28407 0.18523 0.75475 0.11112 0.13543 0.06481
13-2 0.35850 0.20849 0.68179 0.16161 0.10935 0.16953
14-1 076194 023746  0.10700  0.07655  0.01239  0.14889
7 142 0.76178 0.25762 0.04867 0.15000 0.05331 0.15585

?EEI;I 15-1-1 0.82940 0.09763 0.34630 0.04509 -0.08406 0.10147
& 1512 0.80929 0.07324 0.34752 0.16882 0.04726 0.15944
2 16-1-1 0.74372 0.04445 0.46151 0.05117 -0.14002 0.00362

16-1-2 0.72417 0.13359 0.38336 0.17763 0.00345 0.08512
yip 15-2-1 0.30824 0.13591 0.24384 0.72147 0.07131 0.03654
F’% 15-2-2 0.29206 0.22266 0.30058 0.66169 0.14648 0.06557
ik 16-2-1 0.14743 0.09262 0.11845 0.83935 -0.02856 0.06882
s 16-2-2 0.11552 0.11310 0.16217 0.83627 0.04718 0.16525
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