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Explore the impact of pure matching and carry over web-based learning content
on 5" grade students’ scientific concept construction and analogical reasoning
ability
Student : Ming-Hua Chuang Advisor : Hsiao-Ching She, Ph. D
National Chiao Tung University, Institute of Education
Abstract

This study explored the impact of analogical reasoning (pure matching and carry over)
web-based learning content on 5" grade students’ analogical reasoning ability and scientific
concept construction involving the formation of image and structure of eye.

The quasi- experimental design was used in this study. A total of 190 fifth-grade students
from six classes of an elementary school at Hsin-Chu City were involved in the study.
Students were assigned into three different ‘groups who received pure matching analogical
reasoning web-based learning content (pure matching group), carry over analogical reasoning
web-based learning content(carry over group), and conventional instruction (control group),
respectively. The same content were covered in these groups. Three different tests were
administered to all of students which are scientific conception test, content dependent
analogical reasoning test and scientific reasoning test. In addition, the pre-, post-, and
retention interviews results were analyzed according to the categories of concept construction,
levels of scientific reasoning and analogical reasoning for pure matching group and carry
over group. The web-based learning process also were analyzed according to the aspects of
concept construction and analogical learning steps.

Results indicate that pure matching group and the carry over group significantly
outperformed than control group in scientific conception test on both immediate effect and
retaining effect. Pure matching group significantly outperformed than control group in their
analogical reasoning test. In terms of the scientific reasoning ability, it shows that there is

no significant difference among pure matching, carry over and control group. These findings



demonstrate that both pure matching and carry over instruction indeed foster students’
concept construction than conventional instruction. Regarding to the analogical reasoning
ability, it seems that pure matching is superior than carry over and conventional instruction.
The results of students’ interviews were further analyzed according to the dimensions of
scores of correct conceptions, the levels of scientific reasoning and content dependent
analogical reasoning for both pure matching and carry over group students. It also shows that
pure matching and carry over groups’ perform about the same in their web-based concept
construction, however, pure matching group is superior than carry over group in the

analogical learning steps.

Keyword : analogical reasoning ~ vision imaging ~ pure matching - carry over ~ web-based

learning
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F_

WE AR R P T R o 5 LL»T"“'?\K" B - B R EEES BT

ez B HApivz siE4z (Glynn, 1991) c B ek FiE4? » RKigs S § @

#

Tk

preok g ITREIE O MEGER A FY gk o % Ft kit R L RFEOPEE
PHEERIRENTL IR PE R F AT 4p T v B R B E B3 o
& #@r2 EHit (Dagher, 1998)° $GF 55 ¥ B - S et AR PF BBy
PR EFRIER DL X P R ARRFAN A PSR (T ETERL S
1995 )  Duit, Roth, Komorek, & Wilbers (2001):};1 Mgt - el EMENF PG 0F
470t 4 (Analogy ) k#fvt - BAOPEMES TS UHEF Y KOG A
KavenPr g & F $§ (T e (Target)( L B 2-1-1 )0 4o % 30 4 &2 4R chde 2 F et 7
T e F AP K it AP 00 EE 0 RS ﬂiaww;w % gt g # (Glynn, 1991) - &
Blo B riRentr 2 B> B G - B A AR el AR GRPE > RIIG T A € i g

eNTR P8 Sk A 4 45 3% (Dagher, 1998 ) o Tt o SEF A fé * SE B ITRERF > L AR

2

P EE R AE S0 LR KO T A S g e A o Pittman (1999) 45 4 s
enig kPR g A L preha BEE (1) FAEE G ARG f25(2) FA R

TR S PR L o F s - BAFOEEILhR 5 A R S A R E DTS L
Vp (ZEFEG2 5 0 1995) Flot o JFF e $HE 2 b i 2ot g 70 fR 0 BT

Brie v i s g iR L gy



# ¥ (context)

#E ¢ B 7% (analogical relation )

# - 4 (analogy) € D4 (target)

# ¥ (context)

Bl 2-1-1 %t 4= 2148 chate 2 Y cBf 14

SN LR T R

ERFERT PO AENARR Y R F R - c BRI PREF LT
© AR IS AR RF R > et B 4 8 (Dagher, 1998) 0 A *
BRREY o REHES ) S RT A G BAREES 0 AT

l.— 3 vt %8 #5551 (The general model of analogy teaching, GMAT)#_ Zeitoun
(1984) 13¥ Rumelhart f= Norman u@smsidk 1) > H 3 R chpFH L P (DRIEF
AEE S QREREEY M MG e s B)A FF Y st~ (4)F e o
ot s ()T hiE it~ (O)ERKFREELT (D P IREF L - (8"
BR TR (BT REES BB P RENR e F O F I RE TR AL R
Bhoofvs A HEEHIK T > ERAE T EEV U Fla bt EE IR it
o

2.5 vv H- 3N e ¥ B (Teaching with analogies model, TWA) &_ Glynn, Britton,
Semrud-Clikeman, & Muth (1989) 11#2 H 3 & 5 A# AT I R FHGY > 24 & ek §
BIL ()G EHE YRR « QR R A ~ (3)5 DPEA T A T -
(AP $HHEE B ehfp B~ (5)7) S 14 higsm ~ (6)4p 1A b ik inte chdp B e o 2t
KER O - SRFEGEEF S T A TR ) TG oot ¥ A
A4 > uE REFS PFMEDEF Y (Metsala & Glynn, 1996) -

3. %757 v 507 (Bridging analogies model)&#_¢ Brown & Clement (1989 ) (1) % 3 %
& 47 " (Anchor analogy) ~ (2) & Ak cndr 30 22 T Agap vt P38 700 i~ Q) B4 A/ M
T Ty ety SRR (DR EFT U ERG B OR0E o K T A
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(anchoring conception)#ig * > (R 2 4 P& 4 &g 2 B enip B 12 > 106§ 4 s
A R > TR BT A FABRET o
4. % =gt 1078 (Multiple analogies model)%_d Spiro, Feltovich, Coulson, & Anderson
(1989) #rik N eh B H » B A R b EH J 5 1 (e hjt 8 2 b4
S(QF B R AT - BAD 2 5 Q) EF Y g o # o 4

FETEF A o P RERA TR OB RMAEHE R R 0 T F R A

>E\-

(Reductive bias)s g 4 o

5.8 4 & 4 4p vt 05 (Student-generated analogies model)#_d Zeitoun ( 1984 ) #73% 4
RERS O BAROREHBL C(DERFAERE - QE 2 p e it~ Q) g
Woedp 2 AR R s ()3t AR Y i 7 42 8 (Wong, 1993a, 1993b) o 5d B4 5 H B F

AR A ensE o B R A GRS G MG 0 0 REF AT N A § L rienit
¥ e A R
6.7 ¥ {447 +* $i 7% (Narrative analogies model)>t Dagher (1995) #73% 11 endc & -5 »
ik mf%f?ﬁﬁ% (B N AEDEERE S QFE N A B s Q)P F U EE D
FR BB @) A PA B C) T EE Y aonk o ART Y P g BRI
ARG FEARE ARG N A PEMEDEY -

7.0 b 5 A it % Ho5N (Case-base reasoning model)>* Kolodner (1997) #73#%
HREH O HIALZhREHFRS (DG B A ERKFH IS - QP LB R
FA ~ QVRALIEL (753 ~ (A3 e 2585k ek o PHRAKS LB Ed #2
rp e @ A GG TR ke 2 MR RE 6 G B ke

= PR T EREG A REEY SR ARTVIFRNT LB
LRHI () e PR QR B g e 70 5 Q)R A
B g ER (DR FA P E RO HORIEE S O N e R
e e 4 (Clement, 1981 5 Gentner, 1988 ; Gentner, 1989 ) o %7 % iv 7 f235 4 ch& ¥ =
BN M M AR R kA M RSN EEEL S IR E A H
VB s o X E Y PRen® s~ B (Dagher, 1998) -
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’

AV P Y )

A PZEHE S G0 i dp Gentner (1988, 1989) 4p A & ¥ % & 5 3 Biksg &

fu

Feob HaE v g B R o B¢ Bt Hat ek LRV F a5 gra b
(Analogy) e i sef AR AABY 2 0 @ $30 Ry o0k S BB 3 0 £ B G0 S K
2 Fip it TR TRt 2 R gL o G L P Y
(Gentner, 1989); ¥ ¢k » il sd | &g v craZe ﬁg’jﬂﬁg Y XA T 0 LA deen kB

ﬂ
MR R EE R en S g e M TG A E%&-ﬁt‘}v?;ﬁﬂ * T

~

etz BFaph vt $eanffrde > 37 07 SR A 2 RrenaRfiz o ik a K-
PATERRE TS o Rt > 1B Y 37ap A foi (Gentner, 1989) -

AgE It edp > G 0 Gentner (1988, 1989 ) 4#-4t#g b 9k ende 2 B » 4 5 eh/g
14 (Attributes) 22 p 3% 0, *T]%‘; B¢ % (Relations)sr4p A2 & > % A 1T A7 F gt fA5F >
4o 2-1-1 #75% © Gentner (1989) 5 ApW MBI P REWEY v FBFNELEFF > T
gt engp s BT R G oendp 4R o T iRRERY B R b A A G Dl TR T
AR 02 0 e ARV eni TR DIR S TSR 01 > Wik ipap et B R 2 B
A0 M S D0 JUE B R BB R Y hikehd o 2@ 0 Vosniadou (1989)
AP R A g 2 R i iR A 2 T A G andp e & TRGFE AR
Bfd s FIRG R R ARG S f 2 TR G R F M ap g mhet A

BTN R A ke Y

Bt B E R e B AP RF g LRy iR
o LR PFMESE OIS 0 T RAV- A FHEIE § R D AR E
ERE N FAAITRI - ¥ b R B v R 2 B chdp v B B E I 0 S0
Rpvedaiay By ke o ¢ Hb*&{:{ BT F o Fpb > KL g i A F 1
HELHFEV AT RGP L AP AR KH P TR L e
Bho j HON 0 AR F A N AP B R R F LS e LR Ryt
HEBE R AEGERS L S PRSP TR KR K e WFE N F
AR FEEORE S HE L MO S PRI
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AR Y AR o

Z 2-1-1 v enfda g (51 p Gentner,1989)

faug #. & g 14 (Attributes) 1M %k (Relations)
% F en4p i 44 (Literal similarity) % £
# ' (Analogy) 5 3
$# % 0% 4 (Abstraction) = &
B ¥ ¢h4p 12 (Abnormal) &= &
et ggp i1 (Mere-appearance) 5 E

R T S It

- VU RE RN Y

Sarantopoulos & Tsaparlis( 20042 i * &g +- #5-5% &% & (Teaching with analogies model,
TWA)E7 B » " FMA kS > bAET SEFR (D g3 inag Baog 4 1
Ff R Q) LB KE R T TR TG QU R RCR > B g
e g § g e

Brown & Clement (1989) 1 #* ## 4§ +* 5% (Bridging analogies model) > 1238 ¥ &
BAREHFREr 4 g F (v0 4 gy BT SR M ()Y R R
B2 argvFafiad ot - QI &N hRERE > 7 U IREF L g p
Bl il i Q)R B A R et N3 g > YA LEE T - Bryce &
MacMillan (2005) » e #5638 * @it S 050 > 8779 FHLITH 4 f g v 4 5
KEFL PRI FR D (D)EFERG N ER 2 DR R MARRELG i (QF AT
UIRFREE ez B PEA T P B AL A2 BBt P p L I~ (3)
B H A e R e R AR A K E (DR EF L BRGRRITag E o

Spiro & 4 (1989) 2 % = &gt #-5% (Multiple analogies model)& 3+ 7 B #5+" &2 B2 >

B
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Kfzfrep Qo c HF TS5 HT 0 PHESNFT USRS RJRY A TR E 4
FE L A S HE o @ Chiu & Lin (2005) + % 5 ~80 K HGY > k7] &4
EEEMANKE AL FR IR S AN T BAT RS P A IR 0 LR
A PR A T LRI A SR PR AT A o

Wong (1993a, 1993b) & * & 4 & 4 47+t ;% (Student-generated analogies model) >

EEAF RS MEEBBRGNREFY  BERI (DL RABFEEY o 5
A AL G QRG EHE L mE RpE Y Q)T e F 2 HEEY

15 % o Pittman (1999) ~ @& * £4 F 2 d 558 > kg i7¢ FA S o L AA

e

i o BRI ESART (DF 2 REFR Y RETREE LB ROEY S E ()
B RS g B ARG A2 B Rye P AEER A Q)F L s
BB LSS § R PATER R A3 o
¥ ¢t > Nashon (2004) # ! 7 1 iT4gwe ¢4 5% (Working with analogies, WWA) >

RiEFH Y FETFEPRE 2 HRE o 1 ERE R FHG L LY 7 Zeitoun f- LHF
L KE RN B Glynn Sl HR KRR B B R ()2 LA R
st o SR A R D S B RORE N QR R R 2 F 2
% L& FIL R - Baker & Lawson (2001) f1%* 4F & 305 3+ #3% (Complex Instructional
Analogies) > M * B4 L AF R BHE AR B EFHFHE AT RS C(DRYFEK
B 7 R R A g (R~ Q)AL F A dp o K E AR E e AT

S Q) R R A E ML A Jetae

SO E R A E e U

s SR R RO EY AL s LA
oS F e IR L R iR T LR AT B R F A e i
ofh gl (1) KF AR 0 BE P F L g ¥ LRt § #ocE (Baker &
Lawson, 2001 ; Brown & Clement, 1989 ; Bryce & MacMillan, 2005 ; Chiu & Lin, 2005 ;
Nashon, 2004 ; Sarantopoulos & Tsaparlis, 2004 ; Spiro % * , 1989 ; Wong, 1993a, 1993b ) ;

14



()FAeFH-FY X8 2 B(FHE)%RB S 24858 P (Brown & Clement, 1989 ;
Nashon, 2004 ; Pittman, 1999 ; Wong, 1993a, 1993b); (3) £ 4 ¥ #h:a 5 8 HE N B
18 Suadkit N %8 (Baker & Lawson, 2001 ; Bryce & MacMillan, 2005 ; Pittman, 1999
Sarantopoulos & Tsaparlis, 2004 ) ; (4) #  HE RV ehig * > ¥ U RIEFEEE o % L4
B P 2132 i3 (Baker & Lawson, 2001 ; Chiu & Lin, 2005 ; Nashon, 2004 ; Spiro % * ,
1989 ) -

Al H AR TFRERF S ipﬁa){‘n\r} - BRE P B Y - BRP k2

o REFRA IV RS o KA B 3 S BT R 5 ol B CREFY H- By ok
HE YL REIPERFDEY S % o Ra o i iERY X FAF- LR
Pl Fla ¥~ B Y e A2 53 L (Glynn, 1991) - 5 #F 4 ¥ 5 %
BRH ATV R RE P SN P eRahte A B R LE ahit

Flo R S A AR ERP R a R B g2 TR ko SRR A
BB RN PR A E A e ero Rl B A 2 4 B g eope £ (Glynn, et al., 19895 Wong,
1993a,1993b) - i¢ * 5 4 fu b MFaugitde s ) & EF 4 hohor L G chL i ok
K HBEENIL £ 21k AR ACR it (LERCE R Y F A A B D]

REP T 2 ¥ 5 4 (Dagher, 1998) 0 4p 5 & iy EFM Y R F L s e K

c'ﬂ‘i

1

R AP F R R vk > T2 RHEF AP EMEEHETY o

CHIEN A S | LU L
- S ERE
ERERTOFL Y R RRE 2 Lo fpiop o B pE R
Y 0 ¢ AT E RPERT HER EirL - o FHA 3 0 72 (Reasoning) £y S0 B
e g o Rfpm I E R F1E B % 5 @ FLF J2 32 (Scientific reasoning)i:}%@q’f FE 2
(P BRF-AHCBILNMTS SR T) BREAEE) RSP F oweD

HE AR o fl*wfiﬁ IO T RA S T §f 4 232 (Inductive reasoning) ; £ Mg

15



(Deductive reasoning) ;> @ f A& 7 chApE ¢ Ardg R e > K 04 ik R g F
(Vousniadou, 1989) -
R EE AR 4 Y Y 0 & S 4% T Lawson (1978, 1987, 2002) %1 4% @ 4t
& 32 32 jp| % (Classroom Test of Scientific Reasoning) » s Bl%& % £ 3 - = 35 - I & ciE &
0 MP TGRSR EMERE L ¢ £ £ 7 {Z(Conservation of weight) ~ ## = =
(Conservation of displaced volume) ~ +* ] & % (Proportional thinking) ~ & F# v &) & %
(Advance proportional thinking) ~ #_& ¥7 3= +4 % F](Identification and control of variables) ~
t+ % % (Advance probabilistic thinking) ~ 4p & 4 2. % (Correlation thinking) ~ B3k i# &
% % (Hypothetic-deductive thinking) » %4 = % 5 & — 3ehd BrE A 302 f B4 %7 -
Ao R ERHAD R A
Lawson(2002):7#7 7 ¢ K5 4 cnfl E4a38 50 4 A = w Bk = > Level 3-f5 i 24 =
(Descriptive level) » B 7 4 5 0-3 & 22 QUi Phen 2 R8I (TH A 07 > Foat @ * Ry it it
(Descriptive)sript & 3 /i 3t Level 3 22 Level 4 2 -4 % & =& (Transitional level) » B|%
&% 4-6 & Level 4-i8 15 & = (Advanced level) » #1584~ 5 7-10 » > & & Iy %A 50
FLH AP 0 ¥Ry e B M (Hypothetical) st 4 > e o W B MV Lt jR i
7 3K 5 Level 5- i&F# & =t (More advanced level) » Bl 84 5 11-12 4 » # & * — &

T SRR A R TR 0 ST PREL S 4 B R d5 it 1~ 3K o T2 3 4 (Theoretical) <

Hogan, Nastasi, & Pressley(2000)j¢4+ ¢ & T#;ﬁ KIFHF 2 el Fhgd T#)jtﬁi v B
PR g ReragamBlempd SRAr Faop FRBHAERET FL G
> B R Bt (1P (Generativity, G) : § 2 W E FRZ DS S & FHEMEL » KPP Fi23
IR % 5 (2)#F 5k i (Elaboration, EL) @ 5 # m & st kg grq & 15 2 2 > 4oil@ R
B3I F M GRS ki FRYE m % Q)nrE(Justification, J) 1 ¥ 4 5 T
Pow 2 THhPow | A B4 UEREG > RHETH e FEREORE (D)2
f# (Explanation, EX) : § 4 m L5 iv* 4] > K®P Fi2 % % 5 (5)F4E/% ¥ (Logical

coherence, LC) : # % $Td cingiit ¥ & § 1 2602 3 HE i B & K d



FEfbo 1B BAUTH 4 oriiend|ire 2 LR R R A DB T RIEFTE A 7 (6)
% & (Synthesis, S) : 4 M G cdnpik? ¢ 70 FEApF FEE > UTEE 2 AT B

r%)‘g“ij’é‘b’; °

Y

Tytler & Peterson (2003 ) 45 41 % #icehF 1 % % F B4 da®a 4o Hini 4
B E 4 gy 4 IARSEE g { B FF et B 4219 17 5% o F]yt Tytler & Peterson(2003, 2004 )
TR T e B ko RFWNR ) EL P EfEN 4 > TIRACRARRE L f
i@ 4 F B chikfeew B & A B 5 1 (1)4F 1 94 F(The nature of exploration) ~ (2)
i e i 4% 51 & (The depth of processing)~ (3) /a2 4 i ¥ Ji it # (Responses to
competing knowledge claims) ~ (4)#% i % #ic(Handling variables) - # Tytler & Peterson

(2004) 7 3 ¢ > RgpH e P a2 4 ’]f# FHIZIKIFPE Eira
HFHEELAF SFFRFA2E G IR PPFREN A TP AREFI RO
AR TRILE B IR 4 Rehe B (- Ao o B B2
st Flam e N K F R X fERR A2 0 3 F R aup 1L - She & Lee
(2008) APy M ERBE Y EFRETE A AH BT R PRI BE
VHRE T 0 B et e S 4 P AT A R e PE R 4 R

T RRE R EEA AT e ehsgt RS 47 v (pure matching) £ # iE
B sgvt (carryover) s G Ao T RS SR E RRE T BAE YRS > AR %N 0
Ttz (RED B EHPRIPHEFF I MEEPFRIDFELNL T o 2|9 F
2 4 s b s B2 2z Hogan, Nastasi, & Pressley(2000) 744 £ 42 12 & B > 1§58
2w EPARERETRY PP EREE S RFFI AT T L PEFRE S R
Rz Fwmbcit (D)3 Ap B (None, N) : 4 ehw ¥¢ = 27 ¢ 7 0B PAE40 M 5%
i Q)i (Generativity, G) © 4 4 $ 7 2K & 63 BLebl 8 0 RS R § 5 (3)
#* g it (Elaboration, EL) : & 24 st M e B e R & L8 3 2 o doil@ * PIE ~ B35 -
BeF M E o WP I R TP (D) (Justification, J) T & T E P | 3
o BRI P RBFICRE B BREP R A TGP | 25 > B4R
FI#* 8 H R F R B R A R ERR S o
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B A

BUWHELF I PEFLEFPERZEF IR s Mg h A & 2 4
WHEE 2 FF I EF L e FEY > BV S e BENRIT > kg F R PR
(Nersessian, 1992) - Vosniadou(1989)3% & #§ +* ﬁﬂ)’j‘fu{’ K= B Fear kiR (Source) | -
B A Freffh b si(Target system)2 S5 #3704 2] 2 (Identification) £ & #% (Transfer) <%
20 @ TR A 7 5 d e ¥ (Mapping) 2t vt $(Matching) i A 0 2 35 A Bk AL
2Pt o H X B IR R A 53 A0 - AR T Af 8 A gt (Between-domain
analogies) ;> WHF B R S B PP E oG A Beho A AR R
FRARALR DA BB B G- B R ERERARNS S BRI E B
N ﬁir}‘"ﬁﬂ#ﬁ, feldhH ko 5.'@5 e im%fﬁj rEApiuen; ¥ - A8 AR
i ez v (Within-domain analogies) ;> & 4p ™ ik oz B ghpt 2 B 259 4p 00 e 220 3235 eh
PEEARSE > BlAe® o) 2 %47 kg s F A o m e A A] S # R R S AR 0 e

ALY AR > B4 QPR FEFI T d 2 G AL R fuhr
B itk ihioir 2 B el > 30 Red g Bhdp 0 4 i i (Driver & Bell,
1986 ) c ek B 4 5 ¥ 2 REPPAEITAZ BT » 3 NI e B PIE 4§30 37
PEA M0 A R A PIRIE Fp A T8 DA B 4 B 3 (R charik g R AT UL
5 223 72 2 - (Glynn, 1991) © i ¥ May, Hammer, & Roy (2006)5#= 3 35 1 » | § 2
AEHFHVHRTL A T DTERE ] FOPEREY PERFPEZILEFT L
WL 4 Gus k0 LIEEE 4 PEE Y hdak o

FPEALAEY AT ROR R ¥ ERBATE G DA E R gk R (FE Y AT
TR R T MR F A e G A TR E AT A 2 B anif o
FEERE AN AIA R T A TR B 7 F Bl ¥ 2t $(May, Hammer,
& Roy, 2006) °

BB SR A g a2 R % 0 Bl %4 Gentner(1989)£2 Vosniadou(1989)4+ag vt
EY P40 R Mg BT A 2T BA S UEHFL A v F PR AR Y g
R IR B SR T A e T S TR enT B B2 Fhim kit 1(1)7 48 B (None,
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N :E4mgw $¢ 22738 3 TR ERFIEAPM it (2)% @ 4P 12 (Surface attributes
similarity, SAS) : 5 2 i kypapit B A G R B Y ehdp i HR AR
P B IR R 2 (TP 5 (3)4 & A 1+4p £ (Surface attributes dissimilarity, SAD) : £ # it i&
BA Rt b4 g DT AR p B e KPP A LI % ()RR
B % 4p 02 (Structure relations similarity, SRS) @ & # i ik 53 + 2 end 2 B Ap M S 41
AP e 2 A & (R R (R R B DI %5 (5) % 4 M i 4p & (Structure relations dissimilarity,
SRD) : 5 2 i tkpif b 4 Gk endr 2 B Ap M S erdn B ke R PERRAD LR g o
%a’ﬁﬁﬁwﬁ*wﬁW%ﬁ%{>%ﬁwaimfg TE S ASEN Y e

RF 2t BREFEEG A AT §F AR YA AT AR & B2 - o

yuw & zE Tﬁ_%ﬁxﬁf ™ALL T ER
- SRR AL R Y FE TR
FHELFIPERTEY R EME T M Y B o DA S i i
AF 2 g e § Ao (Feher & Rice, 1988 ; Fetherstonhaugh, 1990 ; Monk,
1991 ; Osborne & Black,1993 ; Rice & Feher, 1987 ; Saxena, 1991 ; Selley, 1996a, 1996b ;
TEFHEEIE52006; 2 FAEIE L 1992 AP 20015 REFRE F R % 2004 ) -
ARPRFL O ARE S GAE R P E A ERE L B MA R
Lo Fp g 4 E Y enFEg (Selley, 1996a) - & fﬁd KWL e o e G chPE A
MEM S SRR IR E 2 T R g i fE 2§32 (Baker & Lawson,
2001 ; Nashon, 2004 ) -
%A A LR AL G RPF LA S Y T A KB 3T
SIS IR HAE R i SRR E R ATE T A R AR § ek dek s
gy 3‘ EAL € BB Y FY T N g R REFAES I ORE (Yip, 1998;

Sewell, 2002 ) o izdt “F A F] & 5 F AP AR H W e F e > 12 BRI e £ o

19



Z AR A e AT Y

TR P EPERTEH O SHF AR NGB 2 6 o TR Y
FRpIFL ARV e S o AR S g e 7 = BIfEL S &
WAL RoARLAE ~ R frdrat o B kqoE S a B4 A Y 2 FlEpapE A pF 0 A4
F LW LR A o FHwmahph F A AT

Lol £ et B4 b RensFfg A 3 (DA PR F oMk 28 B
2 (Osborne & Black,1993 ; Selley, 1996a, 1996b ; Saxena, 1991 ; 3 F 3 ¥ 1 £ %75 2006 ;

AP 20015 545 R 3 K 0 2004) ~ (2)% B FIF A+ B AREAL A $4R4 (Monk, 1991 ;

Selley, 1996a, 1996b : = # 3 ¢ 2 %% > 2006 3 3 & AL 3%E F > 19921 &M > 2001 :
RS E KT 2004)~ 3) 4 4 A Tl ¢ @ Ak F] (Monk, 1991 5 Selley, 1996a,

1996b ; Sexena, 1991 ; 2 P # & 3 £ % »2006) - He2om? Mg LA
( Fetherstonhaugh, 1990 ; * F % &2 1 £ 3952006 ; %# K2 L K% > 2004) -
2.8 T EFIR Gy o K L g tEREA G L (D)SATE B E SR (B P 0 2001 5 RE R
R % > 2004) ~ (2)3% 5 -k i@ = 4754 (Shapiro, 11989 5 2 @& 3 % %5 2006 2 F A
BynE £ 1992 B > 2001 ; RFREZ K% 02004~ Q)i T L FE A HE SR
%)tk 2o % (Shapiro, 19895 2 F3k ¥2 2 £ %2006 2 F A& F8E £ 019925 & 1 »2001) ~
A= FHED> NEEITH(I FEEI E 5520065 FF > 2001) ~ O)HBEH = b
40 M P2 4 7 Bi f# (Fetherstonhaugh, 1990 ; Fetherstonhaugh & Treagust, 1992 ; Rice & Feher,

1987 ; 2 & A B3R E E > 1992)~ (7)n% Mg st— 2§ %2 (i< (Shapiro, 1989 ;

o)}

®E o~ 3R,

[
\“J\

GEF

P EEF > 2004)~ (8)7 B 25 &4 = ife 2 5 (Fetherstonhaugh, 1990 ;
Fetherstonhaugh & Treagust, 1992 ; Sexena, 1991 ) -

3.kF 3R ¥ LA (D& w k-4 ¢ & Sf(Shapiro, 1989 ;
IEEEIEF 2006 AW > 2000 : EERE L KR > 2004) ~ (2)F % R4 B
WUE BH(RE P 12001)~(3)F £ k3 A F S A (B B 02001 K4 R 2 K F 0 2004) ~
A s T o st A S8 Bak i+ 4 (Fetherstonhaugh & Treagust, 1992 ; 5k # %
B13 % % 0 2004) ~ (5)in 5 kA & 4L <87 #i 3 (Shapiro, 1989 5 B F# > 2001)
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BT R ko AR TARE S A KSR B SR R g 2 s
Hobes > UL ARTREERY $SFIFY HAF o T AP S ES R
U e Y e L FAH Fe et 28 # ﬁﬁ»;{gptﬁﬁf’rﬁ%ﬁ;{?ﬁu&% v K%
PO S AR A RF A R R B AR g e Y ok

% o

FI 8 RRAFEY
- SRR K
KE 4 2 e B (World Wild Web, WWW) ALt crfid 5 B > @ 8 F 3L fL3E 5 24 i s
EFRIFIQAME RS FREAPAFYRT AP FERE T AHAERE
PR g oaxl B @ 45 M AA#F % % (Microcomputer-base laboratory, MBL) ~
8 B 42 ;% 4 % (Photoshop) ~ # % BT 42 ;% @t %% (Macromedia Flash) ~ & + i
(Telecommunications)#? & # ##(Videodisks) % (Krajcik, 1991) o
RS Ry B R 2 Xl B a0 ¢ FEF AL B R EiE
(Associative) ~ 244 {4 (Nonlinear) £ [# & |+ (Hierarchical) & » @ it # i £2 X 3@ s g odd
FAR O FIo 17 e e b KB P F A DY T RTINS RS
B LB 4 B Y (Miller & Miller, 2000 ) o 5 ¢85 A e ¥ e B2 4040 fhiE B S 'ﬁ )
HEG P UM EROBE - REREH i bR PEREIFE R DL Fla ik
EE A F R FE Y (Miller & Miller, 2000 ) o F]gt > Ji] * 9% et g2 5 g8 40
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ap 5593.96 187 29.91
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