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Investigating High School Students’ Visual Representational

Ability and Molecular Conceptual Comprehension

Abstract

This research examined students’ comprehension of visual representations,
conceptions of molecule, and their correlation. In order to deconstruct the visual
representational competence, the present study developed a taxonomy of visual
representational ability index (VRAI) and an instrument, the components were
included in the VRAI framework, that is perception, interpretation, transformation and
connection, selection and evaluation. The design of levels of visualization skills were
also included in the VRAI. The present study developed two instruments, one is visual
representational competence test, and the other is molecule conceptions
comprehension test. The internal reliability were .88 and .84 respectively.

The results of visual representational competence revealed that (1) Students
comprehended better in representations with single information than in
representations with multiple information. (2) Students had difficulties in describing
the surface features of representations for the microscopic phenomenon, which were
concept-laden to students. (3) Students who held some concepts of molecules could
describe the representations based on syntactic rules. (4) Students tended to interpret
and connect different representations based on surface features. (5) Students had a lot
of difficulties in describing representations which involved the nature of molecule. (6)
Students had difficulties in perception of three-dimensional information.

The results of molecule comprehension revealed that (1) Students tended to

interpret the concepts of molecule based on the concepts of the nature of particles. (2)



Students comprehended the concepts of chemical process than the concepts of the
nature of molecule.

The results of visual representational competence revealed that (1) Some of the
high performance students could not interpret representations based on semantic
meaning. (2) Low performance students could not describe the surface features of
microscopic representations.

Several pedagogical implications could be drawn from this study. (1) It appeared
that students had limited comprehension in different molecule-related representations,
which need to be emphasized in learning. (2) It seems that understanding of
process-related concepts may promote students deep understanding of the concepts of
molecule. (3) It may be helpful for students to learn how to distinguish the nature of

particles and the perspective of molecule.
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FALF g LN fshes 7S HE(Internal mental constructs) B 4e o PR i B Y
e ¥ s AR s ¥ iR AL eh A0S (Johnson-Laird, 19855 51 p Gobert,
2005) -

3R ﬁ (Ekstrom, et al., 1976 ; 31 p Gobert, 2005; Ferk et al., 2003; Seddon &
Moore, 1986 ; 'R T fret £ dx > 1996) B RARL K Y 4R 5 — f o 4k & 4R > B
4o *F gy it - fA gy FHa 0 AR Y E- 4 S (Manipulate) & 4 4% (Transform)
Z ¥ ¥ (Spatial patterns) » & 2. = 5 ¥ — f@$t 7| # (Ekstrom, et al., 1976 ; 3!
p Gobert, 2005) - § & F ¥ pli¢ * AR AL - W - 3 B P A (Spatial
operations) it # > ¢ 3% % g (Rotation) ~ 24 (Inversions)~ 2 & &t (Reflections)( Ferk
et al., 2003; Seddon & Moore, 1986) - ¥ it & - faz B » ¢ 27 FARRL
(Spatial visualization) ~ 7 R = i= (Spatial orientation) -~ 2 7% R B % (Spatial
relations)( Barnea, 2000; Tuckey & Selvaratnam, 1993) -

Fatenz fEARAL 1 e T 2An T e bt 4 AT 0 e § B 0
BAREC TR EY D1 EF o RS ZEp e P GARE A B i D

WALFEEFY F AL T EARRE T a4 @ F (Gobert, 2005)
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I NARE I R A

WOIEFHMRE L AN g OF F ) AR OEB UG L
(Boulter & Buckley, 2000; Buckley & Boulter, 2000) » 7 h& i o Hi-s s v gLt
AT v 4 fe(Kozma & Russell, 2007) » 5 & % RId 31 L AJE SR Bk o
#x(Paivio, 1986; Wu, Krajcik & Soloway, 2001) -

d PLA s % pLEl > £ AT RCA RIS N HA (Model) - 2 A E E
YRR s frpeo A 3 R g SR AR e e ms R RE
P > SFAFY H Y WA E L RS AT - BRSSP

~E 2 s iEAER % siend #x(Gilbert & Priest, 1997 - 31 f Buckley & Boulter,
2000) - 3 & & roow g3l (Mental model) - s24p 8 & H P Bk e
IR R FAIE T 4t > f28 % 7RI % (Gentner & Stevens, 1983;
Johnson-Laird, 1983; Rouse & Morris, 1986 » 5! o Buckley & Boulter, 2000) ; 7 &
g F & & 3] (Expressed model) 45 #7782 * 52 E i 2 J2 8 0 b AT A fk
(Kindfield, 1993; Larkin, 1989; Larkin & Simon, 1987 » 31 p Buckley & Boulter,
2000) o o AFHER] ~ A EHA S 2 P AR A= K2 FR G T EF (4oRl 2-1-1)
SRR IR R{od]id A EHCD] D A EHCRIE R B AR hohird 0 i
mRERMOCHER  AEHEF, T NI B OCIHRCA AR %
(Buckley & Boulter, 2000) = & * ¥ 4w & se g 5 4 ML AR & 2 e R
feB Y P Fadid B hwh @A EERAEME d A e REF 4T
JRPE L o A - W Y R ) F A A - A

Benk fit ik B dﬂz?ﬁz AN
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s AR % iZ ﬁ:ﬂ'j
(B> B Y ) (R0

\"/

B 2-1-1 fAlem g 3 B % (31 p Buckley & Boulter, 2000 )

d FB AL o & fi(Representations) s ¢ i E € & ek F 0 £ i
W g2 A2 el R E IS WA o TR A A TR Y A
PR MBABNCIEFEROT R blde 2 F ~ BE - THRAR R L FRF Y
A BORARE R IR SRR CHEA A EF KRR TR D
CERG o ADE BRI GEHR TR A E o AR AR A iR
(Kozma & Russell, 2007) o Fr3i o @ m ik G F e T i 2 AL ¢ ~ % >
S AEged A B2 EFR AL FANEE T RV 2 23
(Greeno, 1998; Lave & Wenger, 1991; Roth, 2001 ; 51 p Kozma & Russell, 2007) -
FBRTELRRA > FIFB T T HAZ > 7R I A AR S
Boo e R OLTERE FHRR o FREY OBV UEFBIFL LG
LB EL A FHRETHF I PEFREITRIHAZ 0 P EF RS
FOUgF R S i Banddm o bldeo FEd AR E R 0B 3 M A S
o~ SRR A2 B e 3 0 B 7 7R A AR o (Kozma, 2000 5 51 Kozma
& Russell, 2007) - FH i wEh 3 TR A B ITH B TINE B AT H o L 5D
BRI BRI T 6 F ol B RS Y g 4 E R R BIARALL - B
A ALE Y DR S8 AR ) S AL G 2 g F Ol BT S

R AeE R BT B A R 2 AL S 5 ands 18 (Kozma & Russell, 2007) -
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FHR WEARE R R 4 AR i FY 0 F A BWRA g 3
REEAARL TSI o4 &2 U R g (WU, Krajeik, & Soloway,

2001) o @ } b RIS X PEA CRILH T v AT G H B

it 5
Hop e W o BAR IR T LR A AR FRIF L BME wp ¥
o A B LD BIRE OB F e RA o BAR Y A B Ak foih
WEALS P 7ML AT D T B FEAOERREIER -

Paivio (1986)# #cv 1 d ERE |4 % erfe A A 5 = B R 5 0 BB Mk m
AT RO RGP Rk BT R A BB R S
PR AR AR S S HEES 5 B B G R BT A il ATk Sueh
(Structural) 2 # it (Functional) i+ » = ~ g 123 o yjfugfﬁi;m T 1o W
£ 5 3% 7 h(Verbal) 2 238 7 (Nonverbal)im 3 =t ko st > @ B % s Bl g 02 R
L3 Hlpe(Verbal stimuli) 2 25 5 41 jc(Nonverbal stimuli) 5 e i kw0 FD
EAAET RME 2 BT L E T L T UL Rl A kM2 LG RS0
* (Paivio, 1986) (4r@ 2-1-2) -

Wu, Krajcik & Soloway (2001) 2 Paivio (1986)= ~ %832 % & A # o3& 0 B 1
AR R AP R BRI R T R MBR% i A ks
(Visual and conceptual systems of dual coding theory) ;- & 24 3@ 2 it &5 £ fic » ¥ it
AEEHZBAIITRTES BEREE AR E DT A AN 5L
7 3 g % (Representational connections between conceptual information) ~ A% F
2 =g & (Representational connections between visual information) ~ % #£ 4 % sté2

AR & FLan i s & (Referential connections between visual and conceptual

systems) (4B 2-1-3) -
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( -

P%P /:

T A M
(Verbal

(Nonverbal system)

F3 il

23T 7 T
(\Verbal stimuli)

(Nonverbal stimuli)

Y \ 4
R F % ki(Sensory systems)
in o i % (Referential connections)
y A
#3519 e
(Logogens) gty (Imagens)

(Referential connections)
LEE S

(Associative
structure)

A 4

T & i
(Associative
structure)

A 4
Fr AR
(\Verbal responses)

A 4

EFT AR

(Nonverbal responses)

B 2-1-2 3 2 22357 By ks (51 p Paivio, 1986)

) ¥ & F o oehig % (Representational connections between conceptual

information) @ B R BT 3| ¢ e L Tgcts o PTREIRL A N L g S oA

B Glde T 9 izt v B4k EpEE &g en- B Rt At

Pl BARTREIR A Nt g T o A T ek R+ e 5 ono Pl A

FaF enBeE 5 2042 jo inAPEL AP FRana o TR A 2 ARE kLY an
B oo
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(=) 4% 7 3 e 2 (Representational connections between visual information) :
B REEAT T b A AR Pl ts o ATREIL A N 1Y R e AT A e Blde s
G R AR T RIBHA L T g dp e oo

(z) =4 & e R4 ¢ ooyt &t % (Referential connections between visual and
conceptual systems) : i 88 #- A e o2F 5 A BB AR £ A el B
Blde o BT P g d wg Heg Apbd i EF - f ) g o &8 v
OGRS REEOE S o ARE Y R F ML RERE ki

o3 B R A i e o Blde o a7 feoend B gk o

FEL & 5 AL & s
(Conceptual System) (Visual System)
PLA T AL T e
(Conceptual Stimuli) (Visual Stimuli)
d b BT R Y
12 J»‘ rr,ﬁ:’i- 2N \7' —} ﬁ ﬁ. 1}\}3‘;‘[\ |
H—C—H
gitEpeh-fa |1|
@ - S E
\ 4 A\ 4
Fppz\ly{ #ﬁ-"%ﬁ%‘@i
(Verbal Representation) Bz (Verbal Representation)
SNt < _
7 A R bk RS R L no B [ U B e

& /el 5 2n+2

B 2-1-3 = ~ %R m g fope s k5 (51 p Wu, Krajeik & Soloway, 2001 )
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=~ ARE R e
(=) 2 Hcn s £ 0

ﬁh% Heengg Al m % > Boulter & Buckley (2000):% 5 # e 3 7 85 & g
Al s & & E %8 «h(Concrete) ~ 3 3 v (Verbal) ~ AR & e (Visual) ~ #& & &
(Mathematical) ~ 12 2 # T c3(Gestural) ; T} % Heen it a 7 > Boulter & Buckley
(2000) 3% % % Hcen B w o d = fA g w $F 3 0 ¢ 45 F ch(Qualitative) & £ <
(Quantitative) ~ #& =_s(Static) & # j& cH(Dynamic) ~ ;4 234 (Deterministic) e & 74
# er(Stochastic) ; Buckley & Boulter (2000)7] 12 Goldsmith (1984)4#% H! e 48 B~
v 1T 5 AT & fehikdy o 53 AB-w A B IR ELE ok & (Semiotic levels)frik
% 9% % (Visual factors) » # 5L 5 ek & ¢ 3£ 3% /2 3(Syntactic) ~ 3#F & 0
(Semantic) ~ % ¢ * i(Pragmatic) » AR 0¥ Z & 35 H = 2 (Unity) ~ = %
(Location) ~ £ #R.(Emphasis) ~ 2 ~ & - {7 (Text parallels) - igit & & 2 if » =

kB A B R R N 5 AR LA R R F i ol

(=) %Mk s
3B EK i} ¢4 ey s (Levels of representation) % ) 5 /2 >33 5 &2 i F 32 f24p
Mok fck Sy = f& K s (Chandrasegaran & Treagust, 2008; Gable, 1999;
Johnstone, 1993) : E @ % j#c (Macroscopic representations) ~ =t #t B % #ic
(Submicroscopic representations) ~ % 2 5. # #(Symbolic representations) -
1. E % f=(Macroscopic representations) « § 5 ¥ &P ¥ERY BRERPE
Bl > PR E 4 AR T LI g o Glde o S L S R
hpH &~ F B2~ 2 VB E Y Sk o
2. =X o4 #x(Submicroscopic representations) : & &+ ~ & S 33 % H 4
Bt Ry Kk F ke DfRE BRERELROTEL A
blde > BdRp SRR R F BP0 Bd RI BRI 5 BRY @
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RIS HRS -

3. 1 # £ #x(Symbolic representations) : Johnstone (1993) 2 % pc iv &
(Representational chemistry)— 3#dp # 22 7 5L4p B cnit & fogiho iz B K e
# fcd B4 % it (Qualitative abstractions) e = » 3t =t feBLA B d (S
DB CRPERSVFECE 2 F o e bR Y R

ek R 1 2Mg(s) + Oz(g) — ZMgO(S)% T ©

(z) 2phiar

3o ,T"t»z\ #eeh e B (Dimensionality of representations)# 15 iz » = &
(Three dimensional, 3D)# #x(Ainsworth, 2006; Gilbert, 2008 ; =% £ jxfefF B & >
1996) ~ = ‘& (Two dimensional, 2D) % #c(Ainsworth, 2006; Gilbert, 2008 ; ¥ % {1 fr
JEURE 5 1996) ~ 2 — ‘&(One dimensional, 1D)# #z(Gilbert, 2008 ; =% £ fxfv /5 8

% > 1996) (4 2-1-1) -

1. = ¥ (Three dimensional, 3D)# fic © &f'F %% ¥ » = MR & iy 7ie
VR RE T A IR BRI A o Gldeni N e S T o

2. = #(Two dimensional, 2D) # #c: 1 8 3z ¢ ¥ Lz i s R P (#

BRGTRy -FAERBAL PR ok ) BEE M (d THERD

W

D W)~ W& ~ & H -

w
|

#(One dimensional, 1D)# #ix : — ‘aend fxd 240 % » 0 B 2L

ﬁig\?ﬁ(ié#g’mﬁ 'Lg\‘""g ﬁi;\xﬁﬁtgfﬁp,ﬁ\o
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% 2-1-1 % prenia Aok a2 29 &) (514 Gilbert, 2008 )
AR

. > ;A -:‘/‘i -

2‘«/{%{(%.@»

EpLg 5 HE ¥R pg e HP RS -
oo E A £

= B L Bk -

1“ Bl %~ FoRlEL

Bk s : - [

o~ AR Y R TR 2 B
(=) i s an=8 2 i
EOE TR USRI % J‘Ff(Ekstrom, etal., 1976 ; 31 p Gobert, 2005; Ferk et al., 2003;
Seddon & Moore, 1986 ; 'R % frek £ dr > 1996) #4041 4 5 — fho I dfk & il
#% o Tuckey & Selvaratnam (1993):2 7 AR i 2§ = /7 b ehwm » » 2 FARE
(Spatial visualization) ~ 7 R = i* (Spatial orientation) ~ 2 7% R B % (Spatial
relations) » 7 BFARSE v » Trd — BWo- MR L B AR £ oo
fe 0 SRR R 4 T2 WU T G AP 2 R A gk > 4 ¢ 350 KR EL
TRz AR £ S ZF 3 T 2 ok RERFMA R 4 0w f]*u
A Td A b RRE s BRI L e - P MG
TALE B F i 4 o e g~ F A g A TR A PR 4 o
Tuckey & Selvaratnam (1993)iF s 7 B B & o ch= BRARE “ RI% > ¢ FEIFR
a4f Pl = (Testing of depth perception in pictures) ~ i3] 22 ] 25 i i ;2| % (Tests on
ability to relate models to diagrams) -~ B3 <R 4 i & & P % (Tests concerning
visualization of operations on diagrams) ~ %2 i+ 5§ ¢ ez &R ALK 1C B 2 FEP %
(Comprehensive testing of three-dimensional skills needed in chemistry) - ;% & 4 ip|

So T AR GOEAGRAEWY PR o I T g B ehE R
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&7 % > Nicholson & Seddon (1977 » 51 p Tuckey & Selvaratnam, 1993) 2 i+ & ¢
gk 5 :%f?i?ﬂ%%i iR R M % (Depth cues)ehsr s 4 > d H4 T g A3 5%
R i A F 2 et MRS = B Rl AR MR
T F AT P N ORAES  F - AR ER L R BIFRRE
VB R % R R - JBIF R ALK S J2 % Evans & Seddon (1978 31 i Tuckey &
Selvaratnam, 1993) s /] 25 27 3 B i P15k » BB B 3 - BRPg TP o @
RFFRERARREE N PR T E P E N R AR 1 B
Zplsk* - AR B A AR T B G ¥ AN RO S F S i on
¥ # > Shepard & Metzler (1971) 12 - & = B o = 0§25 » plSk % ;;uﬂz 2F2E2% &
ST R AR i 4 R L R R P TR R & R P 4o @
WE IV HE? chz MARE I LfRRIR > 3 5 = MARARAE B R
I P A S B 1T 5 #4095 4 > Tuckey, Selvaratnam & Bradley (1991)
Bk AR v i A2 R - @ P BRI s F RS A F 0 K- kSR
Ao LRIGEE 4 AVt BAREE T ah B g 2 FIEL o fRAAR AT 1 R AL childE O
BE G T w B AT T s s b~ B R DR & AR T R 18 e

i

oAU IR R E ER L DB oy E I E D TR RISk

n{\-

FHERF A AFRAARE R AR A FE o W R AT S A LR o g
B At @ o

Ferk (2000)z & 7 — % it §ARL4 it /|5 (Chemistry visualization test) - ip|=% ¢ &
§0 R R A 3 A o SRR § T fEAEE] > 4 W e (Perception) ~ v
¥ o3& (Perception and rotation) ~ +4 f= & &f(Perception and reflection) ~ 44 ~
& fr & %+ (Perception, rotation and reflection) ~ #v4f f= 3 3t ¢ 75 #& 3 (Perception
and mental transfer of information) » & - fEAE3I 385§ 7 b chp e oL R[Z 0P
A R R 2 R B SRR i 5 LR o g RS 0P A &
FHEIHA P L s F lEroadEFam ek a2 8> 2 R4
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XY~ Z g d s s 43 0 &afomvi- s+ & kg fI 52 12
A DR A e e R SRIER N A IR R 2 A R A e 3 SR
WA e k3 @ L3 XA HBY- A F A b G I F L fRAF
f AL L A s R o R SRR P o £G EFEEA BREEF T el e
Fobbd S 0 fRAR AR AR A L PR RIEE A Bon B VR- A A e

+ BHEAS AR o e R R A5 T FHE A LT
wod BlE Y e A QRS PR oA i XS Wb s+ SR o Ferk
% 4(2003)11ip- R FH A RE YRS iz RRRE NS TR
SR OFAF AR, TR a4 o AfRARE PRk A EF RN
BATR cndfk A A4 > B4 P EH I EPE S o

Wu & Shah (2004)jFsp = a2 it B F Y e chz B i 4 » & - A5 2 2 AR

% i (Spatial visualization) ~ 2 % i@ (Closure flexibility) ~ 2 7 & & % (Spatial
relations) o 7 FFALS i“ Tk pt BRETD|Z ~ %t ~ 2 IS 2 A5V anife ;A
A B ML BRI T pets 0 A2 % Fr 2 AL B e (Visual pattern) ik B S
FEM G ERE N ZEMEG T MABHOFRER DL L e g

TH - B ITER S o bldos B # ok > T M Y BT ITERS

B o

(=) Zofie 4 am=g 3 Hiy
d B LAl ELE Y e oo 3 i (Discourse) AT E R 2 v ke 2 0 B 4
w g Y k%4 g (Talking science) i 42 ¢ 12 f2 £ & fras(Lemke, 1990 ; 51 p
Kozma & Russell, 2007) - Kozma & Russell (2007):2 % #zic # (Representational
competence)— 3 dp it F gk F ¢ A F Ak onda o i3 BEE LA
ARF S N MIRL T PR TR R B N E e - HEP o A

Boii 4 T R REHOES Y o RS SELFom s B PR & E
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FEFLA L R Meni 4 0S8 R RE A S o B ATE & hd i 4 R
PE oo F A i B A Hondo w3 E B2k (Chi, Feltovich, & Glaser, 1981; diSessa,
Hammer, Sherin, & Kolpakowski, 1991; Kozma & Russell, 1997) » g fif* L3P
fe* (Krajeik, 1991) 5 & B R ATE & chk foic 4 B PFF > 7 U - BF R
o LA AL A R g L IR EE RN AR TR TR
(Amman & Cetina, 1990; Dunbar, 1995; Goodwin, 1995; Kozma, Chin, Russell, &
Marx, 2000; Kozma & Russell, 1997; Woolgar, 1990 5! p Kozma & Russell, 2007) -
Kozma & Russell (2005)#% - % 7 1 B A seoft g S0 * MP 7 F 4
B 3 91 E 5 oo L5 # i 4 & s(Representational competence levels) < %
Mot 4 R s A A e B B IR B - o d BoMUR mehd £ A B TR
B Boend RAFHT By @"»,T/"lir'ﬂ?' 4 LT E R e Bldeo M 3t A G 4F
MERIR G BB hk sdrk B ROTE § i bl I8 &AM AAH
Pl e BEALE AL B AL 4 A RHL G A B A PR
TooF- BIREG BT BRSO REFERORS KA 0 2T BA BT
* A FEE M E B o ol & B3] eniR A 3 R 24z (Piaget, 1972 > 31 p Kozma &
Russell, 2007) » @ & i @ #rA a2 & > 973 o B o BT B p Lo B
b B DI AT R E AL € 8 R BB (Wootsky, 1980, 1986 0 il g Kozma &
Russell, 2007) ; % = BB F 5 > it B &L HFE > £ 72 Lp N E - o
BR O BRI A N 4 AT R X DR AERATR R si‘%‘ué'\?i’fl%»‘?ﬁ?é‘é
AEBHFRTBIRRE DAL A o s T Ay - BT ERRM L K
e R B BHT AHT RN DAME G R i 4 R B Blde o
BRIAR T CE S RAE S BERRIOAMN S R ABRFRAE MER
P g i 3 R B KEPFRZ G OF Y 8 BB A { B AT DE Mk
W BB e L B B hH R I o g e 538 & (Kozma & Russell,

2005) « i 5 2 0 AT S BB ILIES K T A 0 BAREE 7 B A kL
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LB S miE AP EEER B BT @ % & fic o Kozma & Russell

(2005)#% ! % #eit 4 0T B K & > 4 W] 5 % fcds 4§ (Representation as depiction)

5 # % 5Lt ac (Early symbolic skills) ~ & 3% £ fze3% /2 i * (Syntactic use of formal

representations) ~ i ;% & #xe:E R ¢ * (Semantic use of formal representations) ~ %

HeehE 2 i ¢ * (Reflective, rhetorical use of representations) » % 4 if 4o ®

1. % #z#s % (Representation as depiction) @ % & * % #cf @ ML % pF > B

B RIp M Ahd G FEAE S A 4 :T‘*u{?m i B A A IR %
3t g it -

. & ) 7 55 Ha (Early symbolic skills) @ % @ % £ dcjz B9 ML %5 > B
B RRIM G hd G LA 4 A BB A Y o & 7 ¥R % B st
Faitth X @ - BREAZ bl R THEL, kAT - Bam
B d (T B ond LiEA2 o BRIV & foif - B0V and e A D
DR TR LG Fakita 2 & F F 2 (Syntax) e & (Semantics)
i

. I 3% & frengg £ @ % (Syntactic use of formal representations) @ § & * % fik
BEFHE AP BHL R EEE I TRERNATSLRAS £
Bro iR 27 s T2bre 2 5T L E e BRI SR FEDR Y L
WrIAt3EE enig * (Syntaxof use) » A 2L £ el o BIZ > B 7
o Z Rl erig 5> Xm0 iR 953%02 AP](Syntactic rules) & £ & 4> @
FLikfp R A L& o

. IV & prensE £ 8 % (Semantic use of formal representations) @ & * % fik
AP HR LR BT FESRE AR TRESE G P LR
Henp AN iEfEe BRL RRFERDNZE FLRE B AAEER Y
P32 BEEG R4 B AR A 0 AR O B g o

5. % pkinF % i3 gt * (Reflective, rhetorical use of representations) : 5
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A AT WAL B AR HE R K IR FRR N LT
TRAAKDPWLER - BUL2BRFREESSH LG DLM T2

BAAEERFORTF] - BHEAEE LRaZ2E REHKPIMY > TabiEd

AckILfz o BRAA FE* LAY BEFEE B0 D AAEPIE o

IEEES TER ENY AR Y T T T SRRy ST

I
ot

3

F 0 bldeo & e N AR e B ELah s TR R A G A 2T R
e R N B AT~ A fenig * 302 o F R 0 AR o B ok 135k st
HFRLRO-EBTEREF DR -FY A FEE - 277 #&P Kozma &
Russell (2007) % #xic # & ¢ ch~ % > (£ 5 ﬁgﬁ—#ﬁaﬁi%\'@{fhfﬁ% ) ¥E 2t & fochi

B gy iz ana -

I~ B

SEorak o AFT R AR T & HAR B - 80 A4 #x(Gilbert, 2008) ~ & fi 4 i
7] (Buckley & Boulter, 2000) » 44 i* % ficv 1 eh B BRSSP W R BB (S 7
IR 0 s TR EPRME > L BHE Y PF O -

BALE L e 2 G > A ATy £ P Kozma & Russell (2007) %+ # #cit
(Representational competence) s aE > B A5 & A4 et AL a0 24 IR

LY B A AT it L G A o
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Fo& AREC A e gEgEY

A BEERE A MS PR F Y OME > KA S A - SARE A
&mﬁﬁﬁﬂﬁﬁvww@’igaimmfﬂ%&%%?ﬁﬁﬁi:—ém%

LRAARH P RRY > AR ARPARY A RAEREY R E I o

- AR A fkehE e B8y

8K R P 8 2 4 eI 2 (Ainsworth, 2006; Copolo &
Hounshell, 1995; Gilbert, 2008 ; 5% % jxfr 8 & » 1996) o ¥% % dr e it = (1993)
e EFY SRR ED S R DT R A RS B

7 Fip4ti= % - Copolo & Hounshell (1995)4p 1 » 3% 5 & 4

E-

* ;‘gd = ik B

TE P EAACTE R BAPH Y cEAH Y R = Band ok R H

= feng- fenf 3 (Bowen & Roth, 2005 ; 31 p Gilbert, 2008) -

PR H L e s B 2 3 & feeni? f2(Chandrasegaran & Treagust,
2008; Gable, 1999; Johnstone, 1993) - Johnstone (1993):% % i* & #F 1 p 4renfp =
B2 Hck e gk WEBR - SCHgBR - 2 BEL bldr i B ETERZ IR
fo~ 2 BT S oK e B S ke 5~ HO - Chandrasegaran & Treagust (2008)
Fraslrn MEREY IR A ARDET > NFAE L AE B ik
B~ 3 B e g o

# feenfaf§ k3 0 WU & Shah (2004)3p 11§ 2 el A5 = B 1 &
S FE - e U ERSOE BT EME > B b B Rk s
ZEEME - S e A FUREA N A IR E ELOA K =
ERER S Cp R ES L R

Michalchik % + (2008) 1z T £ pciv 4 & % (Kozma & Russell, 2005) | 4% 2
BERE P AT 0 RS L LB g o 0 T g e
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W s FFL R LRt FE 0 B2 0¥ LA 5 5 Fl(Drawing) 2 ji# 1§

(Explanations)® 84 (4o 2-2-1) « 287 3 ¥ [ 4 it 4 & % (Kozma & Russell,

2005) j e * e MR R T A 4 R samT AR F L gL aon i ?

B fiic T BT o BRI S (R ) it dpd o B RS H

BHAGIFE HPREPRT TR AR ARSI AL (far ) Bl

LpEPEE B o U 2221 A Bl A0 B2 AkE W @
Michalchik # + (2008) #fff-chzbi s 35> # peRUHF AT FiFie > + #
TN FE s Gl B2 VB F B Arst o kg TR s o M E AR
Btk s TRy BELE > #a o & Michalchik & 4 (2008) en®=A 6@ >

PR R s TR o W AP A i R s g H4

fctnd 2 i 17 R -

Before ionic Ionic compound is 10 seconds afterionic | 5 minutes after ionic
is added to | added to the water compound is added to | compound is added o
ater o 1V % the water the water
CL No- 42
B ﬂ'M?.‘DL f.\l. ol L, O ;ﬁ

. e, Ve L N HNo- O < ::H_QC‘ p
&b A
a ; SalUtT a4

A ovgstak o on gzg 1S given Phon has
g [fresend Tk Pia | Codim “ondie
g oxide \eAMIrY A
[
ai Gynall

HYdve ogen  |regprdme oF
WAL\ Goddivm

B 2-2-1 2 pcae 4

Pl & 4 ¥ 34 &) (Michalchik et al., 2008 )

4o b &7t > Kozma & Russell (2005)4% &1 # #cic 4 & % (Representational

competence levels) -

I '@‘% Boo Gk A M| B IR K B —

IS

(Representation as depiction) ;~ & &= T & # % L3 it (Early symbolic skills) | ~ &
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Bz T 1 3% % reenzg 2 & * (Syntactic use of formal representations) |~ & & it
;¢ 4 HeeniE R @ * (Semantic use of formal representations) j~ % & &1 T & ek
X% i3 gei¢ * (Reflective, rhetorical use of representations) ;- i1 # 7 A2 /& h%

fci 4 R R AL R T RE R @ 5 RE S R g i 4 A 4 n

g

BRIl AL A AT 0 R L A A ¢ § 0 R - i

'

Rz AR A Bl 70 R foz e 4 TRV SRS o

AT G M R R 0 B T B AR 4 e 0 5L

—_

L AP BB R RRT T B EA ST A AT AL AT A Mk

fo 4 T A A WA AT

(= )#wi (Perception) : * yidg W& ¥ F tde i & fep > AT P ehd ik 5 (B
BL~ B BEL) Re e AARE N 0 - FaRFR R G
BA L A S R E B st R L L S SR g Y
2 7 BRERNLKRAL R~ ﬁ*{” LR Becnd gfR R B

ZERMMAMPREAEREE BF LA VRERZOLER 0 blde UREE
FiCFF e e fi 2 A F(Kozma & Russell, 2005) 5 = &8 * @ 5L

\ L

F

e

2ERFEFAPUEITERPIRLE 4o NILENZ LB F R
Fh o
(= ) :#(Interpretation) : * 12 pHEY re* AR B AR HE R

Ed

BAOFrBR LR BAI - ZRFEFZRMAL 24 2 TR
@ oo fengg R A Bldeo RtV E e LARRAA S B S
TP R AN AR iR - S RFAAL 20 Ty
FAOF R B bleo A RIEA F B EEA T e 2 A

Ao
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(= ) 43 {rik % (Connection and transformation) : * 14y % 8 ¥ & & * % e i3
CEPEARE S A7 Rk ez a4 > RS B0 - La i
Py ok i Pk B g B e ik IT\"L{%%% oAk ez B e
B Gldeo UAG P BRI BT LE SR S Z BN BT
P B g B N g fj'*uélm%?if“ﬁ Rt ez B e B o Blde o A B
Pt B B s R B2 R

() # # {-3= (Selection and Evaluation) : * 1245 8 ¥ & i€ * % R 4
AP ERGy Ak iEH T EMmEATan 4 > TR kB FBRER D
B AN blAe o T TR EEAS Y T R e e

() Bpr5 it ¥ (Rhetorical use) * * Mdg iy § ¥ e @ ¥ 2 feid e &7

g 4 ;’gd ®F LKA B AL 0 2 2 AALEEY G e

4 2-2-1 AR 4 Hic 4 45 R(VRA)

& o 24 Wifrd i ERfrs

B A PR g INE BE iz = iz F R -
K
Level 1 15> g g 1
Level 2 ERELE L G # # £
Level 3 B B S 2 B ZE T 1
Level 4 B~ B 2 B E FR =N E
Level 5 BB~ B s 3 BED =] 3 FE AT

30



Y P~ 4 fae 4 K % (Representational competence levels) v v i S
B TR R R AR R 4 i gg 0 AU D e R R e
BE - ERTR o TR RG DR RS SRR RS R ERLRE
Mo s T B e fL AR & Hic 4 4 HR(Visual representational ability index,
VRAI) (dr# 2-2-1) 5 3 B8 8§ KL 1 & oL fzantia) - « ,T»U—EJ\
o ARG ERFENFY F R AT b A ARWE BWE T 6
d % #eae 4 % s (Representational competence levels)# B~ ke en% 7 B % & T i3 j%
B 0 2 REPRENE  2AF T FEHER > LAY B

LA NS j\ﬁg M F i A ip’]‘ﬂmr‘a R

S R AR gt 28 Y

RET 2 FEY P PR E Rk d > Tuckey & Selvaratnam (1993)4, &
A L1 EAKE? hER LI > MBAZIRARZ AR 2 APk
AR C Ba o BlAedE g s F Bt o 8 ¥ R L1 BT L HE LA BB P e
AREYFerHFH1EDFRT o PG R HPIT o Ferk ® 4 (2003) 12
BAREYHEELz ARART A RS E SREK- BEY
F238F & 5 - Ben§ 5 izix(Practical task) > ~ r‘j&{u? e (e FUH 4 =
HARLCHIPEITon FP PF BN AT B BT Y F Es S
BA s B2 2 RN 0 (T A~ ek F1i & Ferk % 4 (2003) ¢
Fpe AT W A FREE A L 2 2 EREER fonh F B A O Blde
B F S~ A5 4 Bk - WU, Krajeik & Soloway (2001) 1 4R i 48 eChem
EERE S S DF 2 AEERE 1 L F Y R RE B MORA s
FELE Tt B A Biadgde AR P B Fer B A i M2 Z B
Az Fed G o MEF 2 27 AR ZMFER DN > d kg 2 7 a3

R A A T ERE S AR BT
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Fae 2 nF 2L S5 845 o BEAAARE L e B4 it B4 e
o EM-ERMEAZ TREARFBER WA REYALNE LT [ FEY
et 7 (Wu, Krajcik & Soloway, 2001) - Michalchik % 4 (2008) A4 i fic 4
ChemSense £ 7R % A1y &5 8T > 44 HEWHTRRZR L& RMER
o PIRF R I F PR BRL R TR i

&5 = 7 ¥#B 712 % (Dual coding theory) (Paivio, 1986) » f3t & @ 427
B ARG S B BgL e o A F 2 BT @R Fl Y ET
fo .gfs W= ¥ fS (Dual-coded)pF » 2 Sy 5 AR e E 2 K
o7 *;Eﬁ{?’ﬂfﬁﬁzﬁ,%fg]ug\ 5 2 L A ey B4t Y (Mayer, 1997,
Rieber, 1988, 1990,1991 » 51 p Ardac & Akaygun, 2005; Yang et al., 2003) - 7 #& i
8 P IR T -1 5L % 2 (Symbol systems) 12 fie i+ (Coordinated) 1 ¢ & 3R > FT
BB A A e ki (B BE-LF-15) 2 B (Kozma, 1991; Ardac &
Akaygun, 2004) -

Williamson & Abraham (1995)# 7 #- ik &2 #F i AR & ficchd ¥ o2k - B % dp d
BT RE R A PORE IR R I > KA Y Y &
S R RS UL A AT BHA S RS Y ok o HRGH S T
W Bl 5 e 2 Lowe (2003)4p & o # kR & AR DA F R AR {5 on
ALATZEAR LR R A BAT R RARRKSTL A T & B Lk
T2 PR AR P e T AR e e L R il B TR BE AR B L AR D R M g -

LHCETRZ R TR R el B B GOA T H L ASiE

Zg‘r
s

A2 KRB { + F & (Lowe, 2003) -

Mayer & Moreno (1998 » 31 o Ardac & Akaygun, 2005)45 1 » o »* & 4T/ & 4
»o s (Split attention effect) » & & ¥ %12t L Hepv > F 5 Lv P g eh ¥
- 5.4 o Lowe (2003)4; 91 » A HUL A 4 AT i AL BT A FUL R 4

(Intra-representation split attention effect) » = ¥ it &_% #xp ehA FTL R 4 2R
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(Inter-representation split attention effect) » ~ & 23 - BPEAMERAETV F o
Ao be FCRIFR G DEHO TREREY F L AFO A Y H T

BT - AP R AME R ek o 2 TR EREY ,%z
g1 {4 A 47 - Seddon & Moore (1986) 2 #+ & frf 48 4 + {32 ALY - 1 F

DAy fap ERAE KA PHORT] VA AFIEL B

k-
®»
g
S
=
N
Fi
Wi

12 H i B4 @ @ g et et § T AR # AL S

7 % »ojis(Deleterious effect) -
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FoE AT PHMEE R

i

F RS ERY

e AN SR S AR SE LR LR Y TSN

EZeh I 2 FEG 23 8% (Novick & Nussbaum, 1978) - 3 5 &= 3 # % 1 &
4 HR G G g LA 2 22 F e AR50 (Novick & Nussbaum, 1978,

1981; Benson, 1993) o # ¢ 5 it ¥ fherdp e g U R e Sl A g VA - BT
#> (Novick & Nussbaum, 1978, 1981; Benson, 1993) > &]4r > Ak 3 i@ d > 6 >
Novick & Nussbaum (1981)#& 3] » ¥ 3 405 F MW F 29703 ¢ 47D 3 %
B AF SR FFELENFTETY oG ERAIF MR AL FIER S
HREMPEE o R § R G MM o R B sl B ae S e 2 G

Novick & Nussbaum (1978)#;1 Mo FIFARI MRS E ] HRES B

e

PAE R o 3 F ARG § WS §AH T F A Benson (1993)4 11 ¥

LHRIRT R NF R e IS RT S o e Rl g MRS T

—
R

epe & > Novick & Nussbaum (1981)F7 34t > #4 ¥ i+ 2 G 3 4 %

St

4 A B-eig f o Griffiths & Preston (1992)~ & 7w #F iz e % o

SR AL R

Peterson, Treagust & Garnett (1986) /7 7 » # B L %13V pl% > M B T 4

S+

WAER A BHAULEF LY R Y 2 G P LA ¢ 4
GECPIRM S A3 A5k A3 RFIEE 4 05 dRb A TBRIRE 2 B e 7}3 i
GEefRlE B2 KRG TR £ AT hE Y R MATEE Y s HAS
e B A F A A FARE S L FHER 54 g S s db iR § T
AFadik s 2 A3 AR Ed AR T IHF RGN G e F IS

CEAFREAFHET L ERNA TP R AT 4 F AN E
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FRY G R RE  LWEEEARITET M A T iR B2 YRR
- BEFY O RERFOTERTPE PRI MBS F AT G A ET
THHFE LA FE GRS G ABHARR T2 VIR F RS adg
BEOFEEETT BT F S FHAR FAVRIEREOBFTLR? FAFLF

Griffiths & Preston (1992) 12 12 # %8 24 2 % > HF[HF L L5 vt 3 ~ &
FAPM i RAEA > & RS F B A S G d A S Gkl A aAgk
AFMEE AT AT AR S RIS R D) 2 R e
B MAaF B B2 ¥iL5 ka3 AEna Rk ke 3 ok g 48
ko Ed A RS  BIER M RS G RS F e B2 Rtk
/94@%1 g&;fri}g—z—i?mégﬁ;riwng\wka\;z—fx;;lgrsgi;;gpaﬁv}ggé
A E AR ASS “"KdZkﬁzgm}'—?‘;‘é%;’ﬁl’a?&—?ﬁ’k’\fng’*’#fp,uiﬁfﬁ;
ket [ R G AR~ R EIRAPEG ke S g Rt Rk s 2] s ok
R kEF kA R RR RS RS F PR EFIRR DT @il
RFMA TN F DAL E RS PRI R AR G B G
PEAAF AR RS F AR EEF B A F AT HEE
FAXRGFBRAFNELHT gl ~ 5 R BkNFEG kot g R R
KE~FRESREFHF kAT EgRITV R RE R FNEEELF AT D

)
= /J‘

3
—=

LL v S S 75 BA T i B4 F i FoRRR ks kAT BN

W ERER FATH -

= \A,\—-j—é]mmng};}@%ﬂ‘iﬁ %EJIL%%S;
Teichert % 4 (2008) # 1§ 4 A3 kX 29 * B § cnF|EL > £ 4 chiA 3
k= REEEREFR T AR oT{w EA B RHFRPIOERIPIES I Y

A blheo F B2 AR EEE AR RPET R M9 T E 4R
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REESRE O FERE - AR > et s SR E Rl .
Teichert % + (2008) 305 » B2 s 3 koA EFRAF R 2% > 7 B
BEENCEE R i LA R R R i e
# - Cokelez, Dumon, & Taber (2008)45  » § 2 11 5 -4 F kg T jef§ it £ %1t
AR R B A 4 T bldeo G MBS gk > A3 LT Eg A

EERPER G RS hI o £ BT E A rd
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AT A Y 123 (Paivio, 1986; Wu, Krajcik & Soloway, 2001) #7737 =
X Afhy - AAREN A - FARE D LA X AdhiTA N BT P
Wi (-) HHREA ARFART 2P B RaIEiEgA; (2 ) HHRE4
Bfdios PR AARRE B REPE > M A IR R L (2 ) T E A HARE A A

WEH A F ARG « AW PHEFT P AFTFEES SRHRIE - SR
BAfi 4 RISk T - A AFEATRRRSR VR §4 S8 eFBER%e

AFEL LT & - §FTRPRP S AT A 32 H kg0 B
SEFTHIRPRADRNAZBFHE I ST EEP S L PRI E gp

FE S Fu SERPDFHEA S N2 AHEOE LD SRR

AL F A AT Adh - SARE AN > ¥ - SPATRMR . AALE A2k
wo e o AR I BARAE 4 ficie 4 dp #R(Visual representational ability index,
VRAI) 1% 5 =8 AR & i # 02| & > VRAI 12 Kozma & Russell (2005)# 1) er
Hziv 4 & = (Representational competence levels) & 1 & iz 45 0 &% cic 4 a5 B &
B o e BAESL AR RR EERLE 2 ERTE A
PRATRfZ3te > AT NILEFY P A7 A hs 3 MAFLFE il ¥
g2 B rdp 3 enk S dp B L & (Cokelez, Dumon, & Taber, 2008; Griffiths
& Preston, 1992; Novick & Nussbaum, 1978; Peterson, Treagust & Garnett, 1986;
Teichert et al., 2008; Wu & Shah, 2004) 1 2 &1 2 P % 2 e R4 & Ryp> £ &

SIS qRL AU B G R TR RS B RS 20T R
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2B E Y RGBS I ST BFA RBMA DRI & BN EREE K
Brrs (4cB 3-1-1)-
PR R A A e R I AL (- ) AR 4 e g
S e BARBAASRARERINFATRIE (- )15 (- ) -4 Aaisg
HEINFAT R (Z ) A1 47 ¢ 207 BFE4 > P4 B RDFT KA
)11 E] (2) 235 R AT EA S K B3 MG RIFRTIE ] RAL

(Z) i B w78 ARHEINFIRL(2) 12 (2)-2:

AL k5L PEAL & kL
ALK & e 4 RIS AT PRA TRARP| %
o ¥ ® FA LA
°* uf m ez i
b hd o o il L I U el
® EFRLTR ® IELE stLL

LT Y )

B Ri2siR
IR 9 CEL N
J,%E?A}—?g‘
ET;Z R %E— x;:r;Z B _5\‘:
A il

7Rz

Bl 3-1-1 73 FHLF T R

SRR PN R RO E A E A S R
AR LG 8 BRlB T & oA W] G AR A A 4 RIS 2 A TR -
AR 2 i ORISR RS R E 2 B R & P A e i) o

HREINFAT P (- ) MARBRHRLE L T HFHE2 AfRisr T mANH
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REREPF > ¥ 4 a2 03 > HRIIF TP (2 ) i dkic 4 Bl%® 7 58
R RlZ)N FEMARRRSROE Y 54— R 5E 50 FHE 2 AR
FHTeIR R s AR HRIIFAT R (=2 )

ijfaﬁﬁié\ 15 R AFTF AL & fiit 4 4p 1R(Visual representational ability
index, VRAI) » 17 5 328 8 4 44 & ficit 4 ehiz g TARE 2 it 4 p i, 24995
Kozma & Russell (2005)4#% 4!z # #zic # & 2(Representational competence levels)
TR E M F SRS § R AR AR A R ABe R B - B R
AR A e A A 0 e Y R EBRTES CERE TR F B
BREMEZMG S anI BB d Ba- D k%T > ko ailf Lk d &3
TRk B P 4 o BBz LR A 4 R e F R - oo i 4 Rl

(4c#k 2-2-1)-

2 2-2-1 ALA 4 Aic 4 4 R(VRAL)

& o if ES wHR S ERER

S ER M. I%F FE wix FR FiEOFRL -
Level 1 ER £ £ £
Level 2 EBLZ IR0 (35 # £ &
Level 3 BB~ CHORE 5L i FiE £
Level 4 FBL~ =X peE i [BEE Z 3, e P
Level 5 E B~ X HgBLE 5 EX EX EHE TR

39



- B

AT UM P G 2 S ERT EREL LAY H G - kD
BAE AL NEY Pl o bl FR - RA R BB T 2R LS
PEA D AN EmenE A A0 N A E RS s Y P T oA 4
BB A et EBpE S BY RS AT 2L R Rl o

AR AP BV L EaF A EF I H R TR

CALAE F fca + Bl | 2 TAFTPATR 2RISR | Wi IV ERA » LN E R
FYDRF 220N FF BESLENF o & TRE A M RS
PR ow A AR T Rl ad g 2 Eaern T
HREA A B ARIHRE A K A A 4 o TR E | guRERx 4 L EE RN Rl
AELamaf o Taedy ) 2 TRk e dmans b A Bl amr g g
Gl BMARH S b TAF AR ZR% Y 0 £ T BA LI T
FAZ i P Folf  F PRI R - RIAIE 2 VEF RS A 3R
Bep e~ 3 A3 2 V8 F BenhF o 3B B Ry i o

\H

FHE PR L B ARRY ERASDRAT N FRE 2 SR E gAY A
EFLFY AN ITHAE AT TLNRFENE Y ESELF AL £

B4 23185 % - %3 NEBZ OGP AETZ o

Z N AEEH R
R LPFNERY 4 2% 25 284 s e gzapg, EYRI A
F R I Y B R PR A 0 & fkie 4 Pl 05 & Cronbach’s Alpha 3 0.88 » #£ 4

12 f%p|% =15 & Cronbach’s Alpha = 0.84 -
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ISR %

Ji

BROSRIH R LB SV 2 B0 2R S E AT ERDs

s

s EBB3 AN AERBL A 4 EB216 A > X3 343 4 o B4 chiE s B
Ok Shal ek St Vel et A R Al U RE SRS 5 A 3 S R TR
FREATRRRIS A BBHRE A T A A E AT MARB B4 V88
VAR ¥ A AR RIS ARG AR B L AR R L LR AR

F A S LM B E T g
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AFTEG A BRIRIE > Auh TR A4 R 2 T AT AT R
RIS o B FAHE DL A EBEY SRF aFE LD FE
PEE S ARPNF TR A fci 4 R%, MERKPEY ¥ LOREAML L

PS4 FERT LA EMA RS T AT AR RR%R ) UiE2 Y
“Tdp A 3 4p Bk L P2 4 (Cokelez, Dumon, & Taber, 2008; Griffiths & Preston,
1992; Novick & Nussbaum, 1978; Peterson, Treagust & Garnett, 1986; Teichert et al.,
2008; Wu & Shah, 2004)12 2 %4 # & 2 chE B 24 5 k45 RIHRE L HRF

A AP FE A IR R o

- ~ AR A HTa 4R

AL A i 4 RISREL T FA R BN AFTFEL TARYE
LA 4 B E(VRAID | e % 20 (off s el B EH R ) 5
AL & Ry 0 AL Y G H R IREE -

¥ - B4 T aegf (Perception) ;> * ridg 5 Y H ¥ AR B gy i e
AT B e B s TERE S OB INA B 2 B T B
AR EY HREERA DN A o Bl fpd A PF R KA 7 R
EBE FE AR RO EEF S RO, Y e
Ve OB i 4 Blde o v dRd R TR fy itk e 5 Ak
PR L P A B Y fe 30 LA fiehic 4 > Kozma & Russell (2005)
r2h e 5 g (nonstandard symbols)dp AR A E B R Y F s R RO F
PEL DA EE o R AR R AR > REE LN F B Tt A
AR AR A PR L B S TR PRl ST R Y N A EY H R R

B it 4 o blae i HO A3 R4 Hee O 3 #fle e g Tt
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G B R A o W MRl D 2480 £ T

¥ = B % AT 2 (Interpretation) > * 12 4n 5§ ¥ FaR AL & ORA IS
#0245 B2 A 0 WiE iz P (syntactic rules) % 3% R, (semantic meaning) s
oo TFiE ARl o fd o LRV F R A A ST 2 AR A
fed o bldeo R A MY REOEE N LR AR RS RS Ak
Sk 3R S TEL ) AR Y R Y R A ad R i
o bl KRB HOAFEAEG Hyehit Bt o bif TR a B
Ao RRORAE3 1 44 KT AR

¥ = B & T frid 5 (Transformation and connection) | » * r2dp i & ¥ &
BEARPL T AT b AR R 4 T e g B S BRAL
2% = AP (syntactic rules) 2 3% &, (semantic meaning) g 3 o ' 2Ex RP] | cndd ik
ﬁ@%»?uﬁ%ﬁ?ﬁ@%%&ﬁ%&%ﬁ’ﬁﬁﬂF%&ﬁﬁ*vw%’%
s B Al R s b - B A S TR ) el s 0 R Y
VE R R AT SR AR RPN o e SRR LT R
ZRBHES BN A E SR FR A - A AR o L TR
1 BN A ARMR RS S k- BHP Y o OEE - EHERPFE
FEARRIZ FREE > £ 240

S A TERIGER 0 R E Y KGR L A eni 4 T E e
FRAEFEAL BV AER LR B THABGR TR 0 B A
ERTIBRAAFTR iEL I R 3o F s T ER{oTR ) IR &
54

SR REFAOMEN B AARE R ML S RIS S AR AT
Fe fie A BB eREELR 25 16 T 36 4F 0 £ 3 214 (44 3-3-1)- APl L
FH2 i PEFRZPEFRTVEBERR LA CEFPERTALT A LR K7

SA A EFR L5 L FERF 4o # G & Cronbach’s Alpha & 0.88-
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Z 3-3-1 AR & frae 4

2|0 g1

AR 4 REHE

RN oA RS

A A

ol E B 1-1

16 ;% &8 ek s
17 //‘ }?4‘ i ’é’

= B 1-2

21 koS ehE &
22 -k A F Ak

Ty 1-3

23 F Jeir ]t
24 3 2 g 2|5

= 1-4

25 'k & F ke

B3 ERER N 2-1

18 h+ ==
19 2 4 i & 24
20 P24 i & L AR
27 ot Tt

FLE 2-2

26 H,0 s i
28 -k g =
29 Tt Tk

3o 2 3

30 & it 4h ik
31 = 4Fend ik

R 4

32 B3 chiicE 2 £ 7
Bz E

34 F I ha

35 & 3 enig

36 7+ s ¥

B IR A s _‘E_-E_,é] ‘@sﬁﬁi,ﬁ ¢

Y% % 01 7| 1548 (4o 4 3-3-2)- A ipls1 &

LN ER RS Y ol gl L |
TR ISR IEAIEAELER BRI A TR AT AT

R T

222148

IRl WA B BB 53 OB
Hyy
f% P B TR AL
LRz a8

FEFELA L A RTALA R LAY K3 A 0 R 2305
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LT R RS & 0 #F4E1 & Cronbach’s Alpha % 0.84 -

4332 A PEATLIRRI% e m D &

SRS

S
= | &
i
[e=

01 %o ek ig
02 4 = fi ehiFfic
03 4~ Tk fi 2] #7

T

04 73 241 4 Bt
05 3 40 7 e 7
06 4 7 830 & 4

Vico D

Y

07 43 chtt f#
08 # #+
09 423 ek F

10 -k A F )
11 kA 3 ente s

12 A 3 e o)

LEE RRI AT

BrraitBF
145381 8F
15 et
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AL TAAIL LR A 52 AL AU SR A 4 A AT

fRA 37~ 2 ARE R i A BMATEIER T

=

B A7 o g0 2 B 20 A 45 4w g

TR (- )~ ()~ (2) s -

- AR A e A 2T
TR EFATRAE (- ) E2 AREAAT AP HA MR fEL P ? AR
TUAETIE - TARE L i 4 Rk 288 4 BHAAE L 4 T Lk
A LT RARAS AR 2 EEfR R 2 ER TR
AT L d AR AR
(=) HAA 47 g st 2 er 7> A sl A i 2 e 5 2 5 BE R
A e F o
(Z) a7 R LN 7P e B s » AT LN T ¥
RAURTARE R
(Z) 2kt RBED Adci 4 e BRAY i 82 548
LORARE - T R AT A i 4 B HR(VRAID - 8 4 i AT LSS

B ALE i 4 K s o

RELE A

Iy

ST RN (S ) L BRSNS SR R
MEw?AEL AL TMARBRG  DEELHF T RT 2 AT 4

’

’

FEA R G dad et s RS 203 2 LEF inRS AR £z B
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PEA oM PEATEEATE G Z K &

(=) BAEA AT O S 2 e T & W TR AT RS 2 R BE
R A

(Z) FPA At ERIATLIERRY chT B3 A » A BB E 3 A P
SESIE N HE A L L B o

(Z) Ak st RBILATLRRIS Y 13 BIEA K 5 FRLE B A Y

AR PEA A P SRR A 7 2 0L

VAR A BATIE T B G A Y
SOWEATRE(Z ) BA AT AR Be s I AP LR ? A

FErma e e F78Fd - 5 FEARBM > - S FHAMLE  RoMRE 2

HBriv # BPLETRfRPIS > APA L - ROOFRFET 512 164 % 42 17

A5 102 2241 % 112 2541 % 13 % 1847 ¢
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AR A R EREIF LRI (-) 3 (2)) A% 5 - 8 T AR
PRl HRFFTRE (- ) 2 e BB AR S - & TR &
PR EE - & T AR RIS AT, DL R HRTIFE N

3 HEINFALRE () 2 BT B

N
!
N—
'>\_
i
3
fu

Eue

4
¥
4o
&
¢
N
~zy

g S SR A AR HETF L PAL(Z )2 8 BRRAT

¥ & AR A i 4 PR AR

AEREIFLRAE (- ) F2 ABRFARL AP L hZjzs e ?
gy DAL £ fcic 4 dgR(VRAD | @ chw B &40 & Bt > ige B2 4 H T
TR ) ehw B R AT TR A R 4 ORISR R R f R
R EEird s s EH AR o

- AR AR B A AR
PR T EATT AL (- ) B4 AR ALE 4 A H A a2 L e 9

w9 AR A i 4 A3 R(VRAD ¥ e B $ A TE L BERHRE 4 i 4 e B
Boodd- Tardf | B w it A o Auli B S 3R HEL . 2
BAfe, 2AaC TRl L4 afEids ARLEZRANEFLRE 242
TEfrd S B AR s AnlE TE2 R mEEfrds 2 TELR
B fod B 0 AT A 4 R%RY THE R SRR 2 TER
Dol 20— BATD RIS 4 0E R Ak AR i e foid
BECRIPAEAA RS TR FF A ERAN (C LA FIE) WA
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Xﬁ@ﬁﬁﬂﬁ@%%’ﬂﬁﬁgﬁﬁiﬁﬁér%ﬁu’ﬁﬁéjtwwzﬁm 2 AL
Be g p-HPNERAF? AL TERETR 22524 54 435
B/ A Hne T L GE F3TE o

o BAASSSTHERI T B Ay BAAPEIHARS B KE
Za i R ER{EE  BHEfeRR T i & RE2 HA
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