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Integrating Digital Storybooks into Teaching to Promote
Children’s Cognitive Concepts of Animal Growth

Chow-Chin Lu & Yueh-Yun Chen”

In order to assist school-children in learning descriptive concepts of animal growth,
the researchers compiled seven digital storybooks in CD-ROM form, and integrated them
into “Water Creatures” and “Insects on Campus”’ units in the elementary school science
curriculum. Quasi-experimental design was implemented with two instruments to describe
students’ concept growth: “Achievement Test of Animal Curriculum (ATAC)” and "“Open
Questionnaires of Descriptive Concepts (OQDC)”. Results indicated that the sixty-five
fourth-graders in experimental group who were taught with digital storybooks had better
achievement in ATAC and OQDC than the sixty-five students in control group who were
taught with traditional narration instruction. Results from OQDC, students’ self-made
illustrated booklets, classroom observations, and teachers’ reflection diary showed that the
control group students could only described simple animal concepts according to the lines
of the textbooks and network materials, but the experimental group students were more
capable of thorough descriptions of animal growth in their own words through observing
and imitating the animated characters in the digital storybooks. This research implies that
digital storybooks integrated into teaching as an alternative teaching method can provide
science teachers with multimedia resources. Science teachers are free to copy the digital
storybooks designed by the authors for students to use so that students can study with it in

classroom and learn the concept by themselves at home.

Keywords: animal growth knowledge, descriptive concepts, digital storybooks
integrated into teaching

* Chow-Chin Lu: Professor, Department of natural Science Education, National Taipei
University of Education
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RERE T THRS - HRV(ER IR B R IARRER RS E (B > 2000) - FE#
BT RHYIRES - SRS O B R HAE A R BVRERECER A » W - B3 &R
BB EME » BRSBARERRE k| BETEREE (285
2000 ; JFFYEHE - £EREEL - RIS - SRR 2004 5 ZAETAEREEE .0 > 2003 ; Green,
2006 ) - tRIFEIEBIRTEIEH NN ERTE B2 /2SR E A ( Campbell,
& Reece, 2003 ) - B EGHITE EREES T » sEIGTREBEAGR ;S [ TMEEEE S ¥
BRI E S B AR EZIERS [ BIAPRR CRER 2 EAP RN AR LIFEC R

(working memory ) HYE T (ZEHKIS > 1998) - R » 2GRS RE n{EREEh
B SRR TR > el — R ACEEC R BRI IhEE (Levin, 1976) -
LR AN E T BENE - BEEMEE - MERMEARIEE
BiA ZEMBRRI R B A > A R R A N2 AR Rt — L 28
B - IRSTEAE (S - MRS > 2006) - BEF#E4 (CD-ROM storybooks )
B RESEEASN LE  EENGEAERNENE TS RS gENEE
FRFRINEITIRE (BHE - AME - 50 0 2006) - WJLUE—(HEFRERIRTST M
#{, (transform) pi—{EEREAYRFHTRAL (Dickson, 1985) - ifi A] DISENHIKIREEE
FHEEEERFE  EREEREEANR R IIEEE RIS - B e
(Tennyson & Park, 1987) - BT AAAEREMEIHGARILINE - AR A EE
PrEER S [FEES  HRERIEER RS - INRECERYREN ST - BRI
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FIgeCBRIThRE (CERE > 1998) | MIREAHEEEET & felks [BENTE e
2 &% (Doty, Popplewell, & Byers, 2001 ) - [t » FELHEAYFBELERIERNS E -
FANMETBHEAREN AL - R EHRIEM SR IBERENRE (1RR
£ 2001) - BAEMEAREREAR  ERHEREAATIIMAEER SRR 2 48
HBh SRR RO L P R R I E B (EF5E% > 2006 5 Steven, Slavin,
& Farnish, 1991 ) -

JFE— B H AR B AR TR I R A A5 Rl P A S A T 1, T R SR
O] 3 STERRESIFERE | 2-2-2-2 AEREAE (Bok4:) BN R - EE R RN
RIS A TR BRI AHE R OB RR » U - FltpEd: ok AR B RIRe K HGEE) /5 > I
HREKAEBYEAES/KPATEIRHRBEEEES) (BHEDR > 2004) - HEARELE R
KBRS E) - SO E L ZURNGREBEERE > BEHSE T HEHEEEE
EEB, - BUEEEEERE - ZET LSRR - HREE ks - R
VIR AT BB E SRS DR B AR R AL
FISETR (Haertel, 1992 ; AT - 2004 ; BHFEE > 2006) - B/INPERER
B R SIS BRI E A A B A — BRI B R R 5 B » il e — B A E
B REIARIERS - L T R RS FESS . B ERRRSEERSNE
—Efr » B AR Em I AE BRI T T 5 SR8 5 QSIS ASHEPE ER (P ~ %ha
i~ ) BEREF SRR SAETEN (FBENL - TR 2004) 540 Tk
FAY) B ARIEANS R ER FIE IR E—E f > SRS E RS Y
AR - HRIRITARI 19 H B S aiE e R Ey s sy = SEH IR
FIE TGRS (descriptive concepts) ; REIERES BRI 4 IR THIE R
A yseny > BEAECNEES BRI SRR S - AR
BB AR FET TR - RESRRI N S AL Er R R TR RO AE IR R
HiAK  SERL R TER AT (Lawson, Alkhoury, Benford, Clark, & Falconer, 2000 ;
Lawson, 2003, 2004) « AR » AT BRI 2222 5 EAE 40 + EIARAE T
FEASE B N AR H AR B A TERI BRI T A E TR BT
8~ EE) - AETRYUEE IR E L EERREEO AR AR B AR R ALEERR
FHBER "2-2-2-2 FEMRETEIE | SBEWAER | SRS > WRE/NA R4
TR RSB AT AL S — 2 e L -
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REMIE B/ N ER BB RO © 2. AT R TR AL - B ARE R N R
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R SRS

—  MANAANRENSRE

AR DEERNENHES BERUES T » DR MERERAERLLTF
fEREE R T (HAEERAEREY Y - SRR B EERRER - BEREA MG
MEEAEEUTEENIIRE WA A AR (REFE > 2001 s EFHESE -
2006) - SRR NS BRI AN LUGENEEHRI R R - MEREEEFE ST
FHIEE - MAER GBI ERNE R - HEE AP REREAEGRE - B2 E L
SERIE AN EIRS - AR B AT S (Kaderavek & Justice, 2002 ; Rubin &
Wilson, 1995 ; Snow, 2001) - MR{RWFIT - AR EA MHINHMEE @ 1IGRHERR
HIERE  LHNEFEE ST SR ATERE - (B OERER 4 BEEE ) SIERE
25 6. G RERETEEMIEEST (MREUE » 2000 ; Aina, 1999 ; Matthew, 1996, 1997 ; Doty
et al, 2001) - YEBI/NARELAVEREGEIR A - B RPHIHRGE - BHEARE RS
ERIEFHEARAZE > fia0 : PEREE AR A R YL
WHRCSHIRIEAEE (BFE > 2007) - ETEAREEHRREEZ MR -
B - HEAEErEiE - FEINEE TR R ARIE R A BRI T &
FIRIER f iR il - SRR EER (Ly, Lin, & Tsai, 2008) - SfGE4Y)E
TAEARM TEARBE  FHLCF - Y - Bl - BESESHEBNEM - eETE
St BBNEA TREEINIEA YRS I NEE - AL BABRRNE - AREAY)
HES: » DUK B RTS8 Vb6 T/E (BFE - 8230& © 2007 ) - Matthew (1996,
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1997) WIRRSE > 2532 EERGEE 718 AN LL BB SR EN RIS A S8 s v B s PR AR B E
71> DIBRARJJRERSE (comprehension question test) FHIBEERARJRF - RBHEE 48
AR FEESEE » EEEEF R - Matthew (1997) ZREAE T-HaAR S (s 22w
WG - AT RE S S HEREM S IR D RIRER EGIRE) > SR AL TN B AT
ar SR S RIS - Doty S8 A (2001) FRETERE HMERBETRA  feEiIEERY
WENaE el ) . B2 EREE - R AIEBIENRY > BT
FREFEEARE -

= BT AR Ry B AR AL

BN R A B RITaE T - IRIBRIERFeHs N2
FFEESZ/HERERIRE - BT EER R 30% KIS L g as
B FEAEA RIS EEE (occipital lobe ) FIEESHHSIE (Broca’s area, Wernicke’s
area) - EREGNTEEEES - ENBEIESHAE  REBERES - 208N
RHZARIE 1 (Campbell & Reece, 2003 ) - Paivio (1986) IS EEIERNTE » fZEE
8T TR L ERERERVRIVE S - RERR A HAS B EGEERRE: . NS R AR
By - B 0niIFsiny » B T EEAR o SETRERNEYERT - ERSEN
=5 BRERE - EHECE (STM) BERIAGIRE (LTM)  BEIRECRREIEIIR
B o Auds BRI - 08~ JELE - EIRAIRSREE R (Miller, Galanter, & Pribram, 1960) -
BRI ASMERREE AR E RUE - BB EIILOT SRR AR
18 AR B EEERRS - SOOI RS R &% B4R ISP s - F
HCOHEESREEENINE (Clark & Paivio, 1991 ; Gagne & White, 1978 ; Lee, 1998 ;
Levin, 1976, 1983) - EEsoGENE M » A REREETUNREFIRIST  WHE R
RETIEEEEERN— (A& B AT (Mastropieri, Scruggs, McLoone, & Levin, 1985) -

B AR EG SO A ER BRI IER - M RKEERIEES -
MRS HEEThRE - LSBT SRR (MREAK - 1997 5 EEHR - 1995) - &
TPEFHEARETELI TN FHE | () EEFHRRE T - EBEM SR TMEE
DL B 5k 2 3 7 BREE B I AR LIA] (Green, 2006) ? (Q)MIAEET « Ml
AR B HIEE - FURREGE AR &R - R FAEREE K38
FEHEY - AFHEERSETEORE (REE > 199%4) - G)RIERGT - KB4
&S - BELMEY - TESHRANRIEENE  ErE R EEE >
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R AT DRSS - BARIRGR - ERREIRE SRR R R MRS RS T A
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B ARSI VEREE  Q)FMERIEGE HE BRSNS - AR B AR B
YRR EREIRIESS § Q)R GBS ERHER TS - AT A RPN R B 20T 733
U EE LIRS - AR FECR RIS E TR PR S 2SR 7 Lawson (2004)
RREEEN ML S EE - TENREENREIA R - SRR ERIAT
BRLS > HUATHES | SR B TR E AR B - S RERRAASE BRI MRS, - Lustig

(2003) DARREH B2 (problem-based learning) ERBAMBMHCEHIZ T
AER 77K > @RPTREERE TR ISGE - R R MR ¢ ASRBUE 30%AYM
BESRE DA FRER B M O AR TR AN - R LR R - BR A REVE LT TR AE /N
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(Z) BEFHERHE

BT AR " B 2 B 72287 & (Assess of Digital-teaching Materials
Quality Attestation) | (BIRIErE{2EHEIERIZ2EE > 2005) - 475 T HERE 2
R~ THERERE 2E - TEMEET, 4 TEMRE, 9E - TEAE ) 8 R
TERENGE) ) S R HET 6 HME 30 M HEER  FEERE TRy, - TiF, -
T - TEL TIRE L HEECRTETS 4320147

FRFERNE THEAZRWT 2 (IRBHT - ERNVSEEEN 2 (T K2H
%~ GLUE THEAETTHERN 7 RIB/NERE AR EET - I TE T AN - 06
B 11 T EZFNER#ETT Kendall's W f%E ( American Association for the
Advancement of Science, 1993 ) - SZ(FERREIS 0.967 » EHAE L HEE 106.345 >
p=-000<.05 > "J%0 11 ([FTEEHNE TR TESEREFHE K - BRESH
FERTIB I SEREE » MU RS 8 W4 0 ThE L AR 3 0 TEE , SRIES
BHE > FIFHE— K B RS ER I FRERSTR > BIEER 3 o -

3 BETRARAEEFN BRI

[  Kendall's W % tEfE HbE ¢ p B FEER

T e SRR A TESENR
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G 1=] 1.50 2 21 3069 .006* #7
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B ZS 5.48 9 27 21 8673 .000** 3E
EiSA 5.52 8 32 21 4637 .000%* jad
SED) 4.00 5 20 21 4537 .000** #7
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1T ¢t BEENGR 4 s - 18 « FEES1 iR s RS2 H R RE (1 =.047 ;
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2 32 1553 3.25

-44 -



BE%Z RAE

EF@ARFARZIHANRBRE

# 5 MAHRENSERRERLR

A Bl B

LiRBEEEYALR T ABTHEA - LERIE R R kP AR

2K Rk AYEA R RAEITTHEMAEH PPT A -
REL BAVNEFRS - NERETIEA > 2 BAMIKIRERIENE - (/] PPT
B OKEAYISVD BLES) @A/ REERE -
BRI AR AMEE - 3 BEETKPEYRIRE R

3MEHRESBEL B —RA&SBNE  THEER HREEETEAK
B BAKBREAGE A B8 AR BT

”i*f CRaREE MANESEIETE  SNA S B

o R EE= AT A 00 SHPE PP -

T R 4 — (B A ST T
SRR LA B U SRR A
EEEET AL - ETIEN - PERERNOHIRT R T
BT o BT T -
SIS AR AR B S TR IR - AL

FERRS (0QDC) - AR (0QDC) -
6 FRETCEE il - FS B ESFEIY 6 FIHE AR - A BRI
& By -
R B (AR 2

L BRI E st HlER (ATAC) FFEMFEHRE | HRHE HeARrIRiA
5 TARSIG R NE BRI SRR ? FERERAIHTIR T ATAC BYRTH] -

o RUD BERR—E FETT ATAC NUEHHLH -

2@ RS SPIBGIRE (0QDC) - FFEMFERE 2 5B THa A nyal
AHE > BEREEHER/NEEAM S HTAE S ?
3SE RSB R AU EREIY) NE - TR 2 BRI E TR AR A

TR NEE AR S HEITEE ST ?

—_— N
—

WERIR

(—) BYYIRERE Et B (ffE ATAC)
AFEEBU/N kYY) | TIRE RS BITRE T BYRR S R

-45.



BEXBBAFAR - L2l £ F 28

3t 28 ERER - HOEERIBR/ R R R MERRE - WIEEEEY 4 Rl
SRS  BEH SIS0 B - ATAC BEEm ERNEDE -
FHEZH A S HI BRI NE B B AR BEM R LN AUY - FHRRER SR Y
AL BN AR ] 158 307 (ARGAE » BTN KR-21 {#
£ 0.83 » EHENH 0.28~0.84 » FERIENFA 0.24~0.64 2] -

(=) #iitEs <B4 (The Open Questionaire of Descriptive
Concepts - fHfff OQDC)

AT [ 2-2-2- 290 BREETIFEIE © REREWYIER | FUBESRRA] MRS T RBd
Bobic R ) - 288 - W - BYMYSVP RS REEE (10) - EnE
BB TRNE (10:8) - SRy EsEEAn A (8RE) » HIVER AR 2HE
HEYA RN SHHR - BORIRGE - SO C BT RS RIS - &
VARBREMEZ JTEHEATACHF - FIHOQDCHIBIZE R R IR IR A AR 6
e iR IERERE YA R - ATACRIOQDCHIAH ELRR{R - SRFIRREHANR TR -

26  OQDC RyEIEE MR

TR A #£(0) &) (M) #i(H)

FAKEREE > RERREHEE IRBEERY] eiBEERN

TOCIH BL(ETE - WORLALE B BELIERES (0 SRR
e BUEBAT THEE. &
Jﬁ o

B ANF RErRs Rz A (R R 7

e S i lebiE ot St o B S R E O Sl MR

= EE EEE Bieo BEARLT B X8 HA
B AR - RILE - ity X% Gt
% o

- 46 -



%% RAE TTRARFERZBENME

7 FIBTBEYERAE - ATAC 7l 0QDC KIHHE B{RERHA

. . OQDC &EH
ATAC FEHEY 8 B AR A

YRS}
izl
AR

ERATBVEMRI SRS - WA - WLGE B A 2 8
HETIFERES 2 (AW (BYZFZIRI (OZBUEEH Fr o MEEERE B
(D)Z R - HITHPEERE 7

TR SR ARG - W TER LY 7 IRIRB MRS
(AESEIIERE (BYFERIEIRE (OB TE 5& » (RARSHE i)
ARAY - ARSI (D)SMERARPEIRE - BUET iR 7 ERH 7

YR
o papev
IR E

BB - BT A RRERIR 7 (AVKIGAE A0 R R R B =

WHERUK BYKEFAENERUKFIKE (C/KIRFE ARG -

NEOK ~ K ~ B+ D) KEFREENE @ #E%E RHEERME #

UK ~ ZKEL - 8 LRI K E R - #HEMEENER
B ?

FKEBFS AR AT LURTE/KIE EAT7E 2 (A) S BREL/KEE JKEB 3+ n] LAY7
(BWFIHEE LA WEME (CORER/EAK EBEE Ak H17E 7
B (DyEGomlE - BRIk -

BYIRIAE
EELA g
UoE=Y

W S AR 51 7 (A)YAROEEDD - ROV Y95 2 /5 % 28 O AL
FHARL (B)EHOZESN - REIIEATIIRL QA B5 2

AEUE - ZRETURAGINL (D)RHAZED - ZHEINH

FHOREAL, -

AR SEROE - W — TR IERERY 7 (A)ShEaRIER B &Y 1ot 28
FEA—E B FRETE K O —FTi8 B EBRE A
ERGEIEIIREE: (D)ATENE e EHE - 7] ? A RPIEARE

Y ~ ERL TERE T

BIER - BRSTEBSEI%R  SHSERFMERSHE Mt - DL ATAC B ~
HIFLEBHRHIBUEETT « B - WHIFERPRE (Effect Size > I ES) » LiF
H 0.2 {EEREE DU EE(RE ES » St 0.2~0.79 EERHEA E/FrPAL ES » Byt 0.8
fEHE = F A ES (Cohen, 1988) -

HHEER  EIEREEEOS - A RERD - 0QDC EEERMEW/NE ©

-47 -



BWERBAAR > B2l EE 2 H

TTARISEE > AR 8 AR » AR BRHETT —ARKIE - RREEER - B/NRHTRIRTSE
AFTHRE) 8 fIFER A —EFRERTE SR AR R S R 2538
HAtRHIREER - DURMENEBIEIREEE » SRPIRERE S MRS -

= 8 HHRR < iR

BHEE R 155 & LA P BEE
= FEERE o, BSEK 953 7 03 HEEERY
EEEHCH 950303 BRI k= 322 - A1 -2}
4 EE S HEAPER ey PHTEEFY OS2 A 21 HER
BERAIEH 950221 PEZIEN cepomma m sipys
00DC EEZHkS SE21 B iR B HEERGT 21 57
SC12 B R HIHEE RS 12 57
B BEI11 B R FEHEEREN 11 5
BC12 BHEER B RS 12 5%
B SRR

— ~ ETRARMAZRSBEERENRE R

BTRRASRESEEE kA, - TRERS BT HNEERHEET
SR SR TRIESREAE ATAC BRI - BRI 58 > Tal B ER
BORE > FERINE 9 FOR -

K9 WAHBERT ATAC REIA - BHRBAIRE « BB 37

ABC RH ¢ 2 E EHERE B
FN [ > X >, X
A e o owmme ,  sowmsE o BER
ELERAEL 65 24.74/3.06 10.196 1.765 0.000 21.08/3.09 4.840 0.853 0.000
EHHRAE 65 19.18/3.15 18.46/3.07
*¥*p< 01.

_48 -



5% -RAL TFHARA L RZMERES

ez 9 ZH - MAHSE ATAC HURH ~ BHAEITAA  Bh MEREER
(1=10.196, =4.840, p<.01) ~ FoREET "B THEARMAZE | WHEHSE - HER
R R SR AIEN R T RS S  WHRESE I EE E
FEEERSE GRE=1765 BRE=0853) - BT HMmHSEESIRINE
ARSI E Rk 2= R R METRIHERE I ATAC REFIEELNINE
Wz - BIRANFR 10 fior -

7 10 WfHE2ERN ATAC RHEBRIEE BRI
e A TR mEEEE
I s B 5 (9B (%) (%)
| BN R Lha g - WEERIY AR - 7846  89.23  10.77
2 ERENIESE RS R SRR/ NEEREAT - 8462 9077 615
3 ARSI AT KERPE L ERAY) - 0EE - 83.08 9077  7.69
gy ASRRILAEIGEBMETEERNRE BRLREE 7846 9231 1385
s SBRETSREZER  ARBINRENSRERELEF - 7846 9385 1538

mEaE oA AR FUEERT M AR - 40.00 84.62  44.62
REE 1R ERSOBAST Y UWSERERNEA - 5385 8615 3231
(103 8 EHETE - o - M - WSS - NEW - 7077  93.85  23.08
9. AR SR E R O ST IR B TERRERTEE - 78 83.08 9231 9.23
BT8R o
10/NEZEEE HIBA B BRI S8 - TiRshs - 50.77  83.08 3231
1 355 RS S E IRIRK » TSI T KA - 56.92  89.23  323]
2 fe e PRI R R R P BRI AR - W] DATER i 4 - 69.23 8462 1538
3B E IR - KERERESHKERGE > FEFRE 5538 8615  30.77
PR

w  HERIIEEERE REMDEA  ATRZKEERA - 7231 9077 18.46
gy oA B BEITIELMEREST ORERAORE - 7385 90.77 1692
Aeyg O/VKIBRRETEGERE  EBEIMESEANST - 8000 9231 1231
s TOKERRAES R REHERTS - il EKRRAR 4769 80.00 3231
(1058) 71 FRLAREIPTE/KHEH -

SKHEFIFIM LRSS - SRBYIIBILEKE S5m0 - 7538 8923 1385

9. S5EEF F R AR IR ENE 5 WILAREIF: 7385 89.23 1538

FERIBRRT -
10— B S 2 AR LR ETRE - 43.08 76.92 33.85

-49 -



WEWBREFAR > 21 5% 2 H

. BT EESE SR
R ATAC S R S (9)BE (%) (%)
L EREERGEIY - k) - poiEs TAEEE | ryiRTE 3846 7231 33.85
2 SR AR S S N A DU N A 7846  89.23  10.77
3 - KRN AR - 7231 9231 20.00
sty 4 ISR RN - 2SI AR - 6462 9077  26.15

AETEE S AEEEr RS WSS W EZ NI BN A A . 8769 9231 4.62
HTETT 6. SR — BN 2 REE - ERGEIN - S8 W - B 8154 9077 9.23
AEE) BRI -
7 SEEE R R R A KA PR TS E > fAEESEE  80.00 9077 10.77
Bk -
8. M2 SN — A G RRRIRIIPE R - TR NSE RSEE - 66.15 8923 2308

73R 10 R RTHHER B AR RS 20% A EREE - BERA0T ¢ (DEMRISMIZRHR
ARG - MANNEASN - nEERTNMSIEE - TE Ran0n
AR A IR A - /N ZREE LRA B TR D85 - i, -
(@R En 5 B TR © 1R R BRI e TR KETE - 8
TR - KA EE R K ER RS - EE RN - KA RIS B R
WEME - I E/KBYSRER T > FrLABEE K - —ik B i R AR ETER - (3)
BRI EE AT TS - EREERGEIN g - oS TR B0 B RHE
WIEEDN ~ SZARINHAEINRL - 32830 —E A RSRIREIPE B - TR N oE R afe -

=~ BETEAMA B ESENBY A RS

IRIRE 5 2 OQDC IMIEE R RARIR - KAH S B E Ry OQDC 5743
Tl STESERABRTE L » YRS SRS S RIS B
BELURE 1 Fos

{1 [EERAAEREINE OQDC HyZER » (VEWRISNERH BB EREE (FF)
—)  EREBENEEER PSS 5 B WIRER R EEE R P RS
Rl 3 g RSIES S 5.7 B QBMYIRGES) BT RAE (B8 ) - B
RENEEERIWVIEEY - ZEP RS, 5.8 5 mRIMESHE 1.3 dugrtE] 2.7
% 0 BHRHER AR A ES » (BRI S SMA RGN QBRI GRS 4T
FA GEE=) - BERSERRIE s S bR BT 0 5 3.2 g B

=50 -



BEE%Z -RAE TEFEARFARZIHERKE

FEEENIEHES AR - St | BEEA2] 1.1 5 -

. [T T [T T T 1
BEEVETTR. gim G
BB Es B
AETERIE EHE4H
. W A mmmst
oA " T T[] WEERiEEE
BEAERIOE gimm 7] Ottt e
L1 OBkt 5

0 10 20 30 40 50 60 70 &0 90 100

S B ER (%)
H 1 R 2 EEE 0QDC &M R ECLLRARE T RILLER

=~ BTERRBA BRI ER B EEE YA REE SR AT

HR R RS NERY - FT R g S BRI MES H > BE R A AL
SRS - IR A BAR S HEY BRI E R - ARG REEE
A8k - BB REIRT - 2 ER) 0QDC RIFEHEY) NEABTENEN  2FE T
TR AN R B A YA R YR S RRAR - AR -

HR—  BRETEANEE - PERRIE - BEERASILREHISNY
A RREIEE -

ETRAFIEERE ppt BEEAER 2SR EES—RRIYE A > (HE
FAERRER B SMNAEAR » ATMSEY Sl E R R AT H®R
HFLIRTEER S » AER B E SR E PR - IRIBEMYR B (Y [ - B
AAE2LBEGERAATE R BRI BREOR S ppt B - (BRG] - A F L
FLABRIER S FRAR L - #HI OQDC [HIEEH - BiY)/NEFFEE - REB R
FERAR B FCERRE SRR 11 AR -

-51-



HEXBAFR F21 L5224

® 11 WIASEERE BRSOV REARER | 2R

0QDC : IRIZEPIHIIMAEE - RN P g 2 BER 2 m &L F #

TEam

R

SE11 % 20 4 & © #8f A MLk 69 48
Ao BB R AR TEK B
B BB RCHYE FAARE
o RERBEORR  MHBEHE
Keg o S ERGES  REFRAEIRA -

SC06 2 21 % & @ st eh & B8 » 3
5 BB - e AL A R 0 e
M e gl hvES -

B EFE MBS N ER B —EARSILA

e

A

BEO8 ¥ 4 A XX "ffiik i o, AL
BRINE HEERATER  KEiLA
ABLXBRETPERLR AL HH
ROALFRE  RECHYELBRELSL
AW SIS QAR £ R Y MR
FRUELSBBAI BRI NHRE -

BC55 % 4 Atk "aitt st A%
g g EPHREBRETHABA
SR NBEEARREEEANEARS
fedh  EEAENTHAE L2HNE
N8 RAALBELEALILEG @I E
_g\_ o

REHELE - 950303

L B A% 0 950303

HEaZLFTHTGY - ROBH 0 &
BRI R] o R B ey is il
R - TReLEBAGFHITEEEA
TEToAR ACTHLEETRITLE LM
BEGOGHHZ o) £ EH AT -

HRBmiE T aRER  MAR
BE R LELBREEG A EEMAA
i BANERN - TRESHER
BEHE > bt - R ERIRH
bm o LS W BANMEARESE -

R ETEAIFBORSE - BERKHIRR « REEA S REEYES)

R A TR -

BT S YRR PR TS SN BB 3 » (B B
BETEAR  HS RS - HESEE YRS = Ak - TR - B TR
F o DRBYIRIERC R - FMTREES  EBRHRE R AR RHe LS 5
B TR - ARSI ERIE ppt BIYIEIG: - MREYNES) e TR RE
WA > RRNRZBIE P ERREE - BEERZRSRIMI SR AR - fE 0QDC
[E1EERL - B NERRE - IREBRACHR IR AR AR AN 12 FOR -

-52-



EFZ -RAE

EFoARALEKRZHBEMNES

12 WHSEEE " BYaEE SR E TR | ZEEEN

0QDC : /KHEG R LUFFEKE EITE P w5 #

T

Hga

SR % 19meE: KBELZHBREK WLELA
HE LR EBAREAT R BAKE
RERA > ABAKBFFRE A AR
THREBERE KB RL BB MO
Fey o KR o

S20 21 % ¥ KBHWAL LA
RS FAKERT - KB LR B RE
BT AN E  RIEEEM -

B EFE BERE L

B P OBRBEF —

T

#HRa

BES6 54 A "HEZF, BLesH
YhE BBRETFEANEHUREFRG
AR SRR A > RBREHT B
N T EBF AN - 5B 43
kit o d TR R ERBR R
AL AR ERER KA RIER
o fTRh AL — AL 0 GRBRB AW BRES

BC39 %4 A "HHRPHBETF, A
L8N E YV EEABREANGXF
BH o AR S AOERER  HHEE
EFRE ATEBEAH AN S BB
BAEEHLMEBEAHRN BRBEAG &
GiRE & 0 LB AN Aok e TR T
1% -

BEHR R &4k 0 950221

%L B A 950221

HBELERREHGRETLAR
o REAKBRAEAAMRELSENMLE
FRaP2EARBEETFEANG Lt
WHABRELGHEE REZREE S
BRELRF AT Loy ka -

HBEEE KRB EKE
MR FAERA > BIERERAKRELAKS
LhefiES) o RRAL FAERNAKBOG R
LEAREL BHEAZRLEELLFIL
#KEREFRELARRE -

U= ERE TEAAOHEN A EEREMS  PIEBFRAER T
BEEA SRS EEEATE G -

RIS B S A e A U MR e BN A S AR 5 3 R R
Sy ERFE IR SR acE B E S B AT P ATA R R R
FIERGRSE - R BT AR YR A ARV T A R M I - B AR R A
RURIEE L R R A - R B B BB 2R Y ppt VRIS —BUTHATRERE
RIS AR HEE) - REER R RSLEYIR A 54757750 - L OQDC [IE &

-53 -



KEXBEFT - 21 4F 28

B By

AR RSO R A R E RO ORI 13 AR -

13 WHSEEE THYSREReE SR 2R

OQDC : A EREINMF R ? a5 & #

T

HEa

S6 £40 %2 E  NERMAECENERSE
HAEBMAE—R > BB EEHE NES
HHELRMARIL B EERFALT L
RE@ PRBETFELBEEATE - &k
NEHORTILE  RESERATF - B
HHEBAR -

S22 ¥ 3B AEEAF—EFTR
ROBERGERIFBAANEHNGFT R
Rt 2EHEBLNES -

B EWERFHKR &

RaEgE — HAMW

L L HE e
BEIl #4 A TRFIHBR, A58 BC2SH4AUTRAWEE AL
IECBBACREIAGELFAGUE | oo E TBEHALGLEEY

FoNEN BEANHER BBE B
B AL W54 K AR & 9P A 9 0 SPIRAL AR
Sk MBI R PREBT 0 REMET
LEWEF > ol > REBE RS e
W AL

X EEZRAXGBAWA A A -
THEAMAITR  FNEALAREH
A RERABAMGEAY XFEF
ME RREFHALTIT 485
Xk

WEBR R &4k 0 941227

#HEH BB 0 941227

HBALEERBEHGORA  HEF
BHEAVENBHRNE AR daEERL
BB HE R BRASERFEMENE
BERBUERIL URFEETEGL
FARY 2XBBEEEAMEINES -

HEALEHEL S UOENY
ABWE - &0 A FLFE LU H
ZMA A TREALEEABS Y
HEFNRRAAALEES > RE L
EHmaf e myhet it
FHK e

I ORI
(=) BRSERANILE

AWFeEEsR - HERMHERENY ATAC HIERFI OQDC Rl ML SRt AR = -

-54 -



EFE% RAE ETRARFARZIBERRS

FHENZRRHRHSENEE - FERENRARCFRGLR - ppt EAEFIZATTTR
fi# - Lloyd fll Mitchell (1989) FRRARIENET AR EEH L - (EEEEREFE
BERENIREME  SREEA LRSI T2 RIS - HSIaS
£ (1995) AREBEEFFVGEET  FREMHARIENENRHEEIEFMELIE
T (HREBEIRA N TR HIEEE - ERHRERTETEAHE
5 38 > BiEhE - FrEFF R ERCR A B A TR T o RS M IR S
IS - ARG S SRS IIRGTIERES - Matthew (1997) 1 Doty A

(2001) FRHREABBMEIEREBENFAMSEE  I0EESHEY » RITEEIR
ERRE SR REREEEARGE ) -

(Z) BESFRRMERSHIELE

AFeER - TEH B AR IRE MRS LG - Pl - W E I GER
BBCRE S RS - A SRR © MRS TSR (EE B R AR RRINEY)
HISME R A RESHE RS - QMR e B - S RIEE)  BedbsEat
KIS > HAERIEE) - FAEEERAIZRIE ? Lawson (2004) 78RS B AT
RURRWIR MRS - EEANEEEN BRI AN - BN B SE rRy Bl
B> FHERASSBIIEL MRS - S8 ERE A ERE SRR E AT
ENSY R ERlE Fr 2 S0 ENEE) > HERZ BRI S HENEE - BRI
S FERAERIRETEIERERR  BItE B BRI RSTE
HUEBE A REER) o B THEARE T LIRS, BAREARSR 0 8
MPE S AR A G SSBERREEIREREEG - Bttt RarE
WEATISRUBGR - AUKER EAHEEE - eI ST & KRS R LAY
RBERE/KEBHL » FRERPE T Kiffeh © SRR R ERae i R
LR IR A & -

A FREERY B NG - FEIRBIRBEEAE S H OSBRI AR A2
HIFRATIOEEMIE - Lawson (2004) F2F3 E 2 EFHIBREY RS0 it By - 7]
REREGI B STV ERE S A AR ARRZ IR TEE - TEAWE R B2 EBRIEH
BRRERENEY/ NG - BSPBRAMSER BABDEHBECHES T
EiREEYNE - EEZEFEAASNEEFMRFNEY/ NG KEEE CR
o BB SRS - TR R AN A R AR ER R R S H OB BRIl

{1

-55-



HEXBBFR L2l £ F 2 H

% o Matthew (1997) $REIE FHEAHZERNKER G IEZELRBERSENER
Bl > R EREEE R RE A S - RETCEERY - BERERE A
PR AR - SRRV ER B -
(=) BEFeANHE®

KT ETHEABE e AR BRI NS - RFE AT ERE
PGB R - 2 RaeiR it RIS BIEERE: - §EEENRELE @ &
PP R BRI MR R IR It BEREA H CHIFE SHTEENEA (Miller
et al., 1960 ; Clark & Paivio, 1991 ; Paivio, 1986) ° AN ETFEADZEE "2-2-2-2
SERRETIERR | FAAREYIA R | CHRERE SRS R REYREE L BT OR
EAERR - AR REIIROTT R B4R VS 50 ISR T IRBEEN AR KR AERE
A 80%KENIRE - WA 30%M A E (MIENESHEE ) ST SR
& (Campbell & Reece, 2003 ) - Hegarty ~ Carpenter # Just ( 1991 ) FRE:E B E{ERED
G EEENERNESE R - e RN BB EEEHNE
= o T RS BERRE - MERTRE EHREM O EE - E SRR
TR E F RN SR S - ST AT BERHER A #IEE (Hegarty et al,, 1991 5 Lawson et al.,
2000) ; tFFE Steven TEA (1991) HUBHFEEIR - RRFIERE@AREEHDSEE THER
AENEEMSNBISEFR - C2EAREE - MBEEIM SR B L -
ATt - BEBELENARES B NEE  i9k > HEBERNIARE R
BRI - R 2R EBRE E8F | GEEREEFEREEREREN AR
MRSy  EREAFCLRE RS REEE - B AR EETE SR A Y eRsEs:
B 2E5ER MENEFEFEEHIRAfTE B ER SR G ER ) IiE
HBHAEHES - BHERS (B4R - (FIESA YRS BERE - HARFTRu
SRR HRM S S - SUEE e AT — -

{h ~ A B

- r:léﬁ
AWFFefER T 2-2-2-257 BeRE TR | FEREMAE R ) NIARE RIS K iR T

- 56 -



E5% RAE EFRARFERZIHERBS

AR SRS RHE > ETEAERENE - HEBERE - SEET - EE EHeENE
EES > BETERS T4 ) SRR - DIRERRIATUEITHER » MRS HARAAI T

(1) RAETHEABAZBERMEE - HATAC FIOQDCHEm Y —
R S A R - RRETREANRASE SRV EENEY 4 R
BRI - RRARIE HREER—IRREYE - (HE AR HES
WANREF - TILEY S s - 8 - 45 EEE SRR R fEER
BB SR B BRI -

(2) MHSRMEMSHKANS - BY/NE - SREBRACFNHEER BEEN S
P - B2 — iRl BRI IR S SR ED Y AR N A R el B T (R
RIEWERBEERERER  MFIEREF SRk O RERIE T Ro - AR S
ZUEHRALE > FTLARIARRER DAL T - (A2 E TSN ERHEE » ki
RHFIENETI SR A A EREEATRS | SREEE B EN
HElr BRSSO  BREHNEYI S SRR  EERVERE S - (DO
MPERES - MPSEREY NE SR EANEIE - Bk S R SRR
H > I E CIVEE S MR AT Se S -

(3) BT RANZBE R —A G AE FENES . e S HE SN
AOEES  EHRENE - 55 IR IIRIREIS R R - AR S R E IR - 18
INESAEERIE - o TIRRREA R ) R AR SR A8 RE B EIER
& RN B — (BT 77 B R -

ZEE

RPN SR - LRI ¢

(1) NESETEANAaNEE A SRS  FaRIMETESS  fess
PR BRSSO B NPT E AR A SR R B
S LRI REI IS (I - RrERRE - BAHE  FREECEREAS)
FRER B RIIRE YN B R AU -

(2) EEFNBRLERS » R EIN B ENERE - FREME B S
EERIEERE > R (e 2R 2% LRI ¥ R VAR © AR E
"B B A ERRETR ) o PREHAETEE TREANNE WU AR EES
HHEH -

-57-



RERBEFAR F21E5F2H

(3) BETFRARAZERN - BB O ARZETERRE T AR > g7 [EEM
B BhE E RESE AR COMEERI PN - (FRIBIE A MBI E AR - imTiRHEER L
B YRS SR AL S BRI - EARBIEET T R T AR BOtRR e
ZEINA > EREETEE  BELRRIERS -

Be i

IR FRRESIEFISER B ERH TR RRE R EE B FHREEZRFNSC
95-2511-S-152-002) 5 EHR » B/ MEEBETHT IR B - SAUREEYNHET RS
EWERE Bk BEARREE S 20 BICETEERIRRESAT -

530

REHE (1994) - BKETE - HRR > 39> 13-17 ¢

ZHEE (1999) - HEBRHE - FESEER - AL 7 -

ZikS (1998) - FRABBHEGRELTNE - oL - 0E -

ZE5e (2000) - EATEEEBMBERRS (L) - SRR - 500 37-41 -

ERSEAT ~ S/EE (1995) - B=EA TIUFRIN ) 2 (AR AERR R S BT - B
BHEET 3 (1) > 23-68 -

PREBCE (2000) - EIEEHAOREEERER - A6 LE -

HEREAR (1997) - BEETHEME TH IEELEMNE - REAEYAT] - 38 (6) >
28-34 -

BRHE (1994) - EE)ASERFREEETE - BERHEKRE > 15 8-11 -

HRFEB (2001) - BEFEEEEYRE - A0 B/ EEEWHHEE -

HiRE (1998) - [EFE - HFEF-F-XF 911933

BT - TR (2004) - BRIEERIRG/NESE N B SEIAR - BERITRIM
Ft o BAAERE 0 38 (2) 3154

HWEE (2004) - BRFVNENE—HFEHEE-BRELERHEEHRK - G4t
TE& -

-58 -



BEE%E -RAE EFTHARAERZI B AN BE

BRI B 2R EIEEE (2005) - Assess of Digital-teaching Materials Quality
Attestation - 2005 £ 9 F 22 H > FVH http://www.epark.org.tw/QSC o

HEhE ~ £AREL - FERES - FREE (2004) o 45 SRR BN ATRSE - Bk
B AR » 17 > 289-309 -

EALEERE TG (2003) - AIEHSREHEEFDL-95E 11 A2 0 IE

http://ms.slhs.tp.edu.tw/douglas/Photolmpact/notes/compare.ppt

ZITHRE (2000) - B/ NEAETER GRS BABETRIS > B ] - BEEsE %L 78 »
60-66 -

£k (1995) - BFENHNERS - HERR » 45 27-29

BEFHE (2007) - "EVEL ) MRS T SRMELECERS - BN E A
B (CER) 2007 FEMEEREFHNGRCE (5227-252) - &t fivd
LHEKRE -

BFHE - WaUE (2007) - S RFEA YA T HEEBER WL - GItHIEE X
BEE-HHE 38 (2) 3364

BHE - AfME - £5M (2006) - BABYNEREAFERBERIEAE T2 75
TEERHER - BOLG LA REBH-BOERIBEEE > 19 (2) > 1-30 ¢

SR - MRBESR (2006 ) - BEARHEAE BARIEEEIER - TRBEA 23 (1) » 55-60 ¢

Aina, O. (1999). The importance of oral storytelling in literacy development. Okio Reading
Teacher, 33(1), 15-18.

American Association for the Advancement of Science (1993). Benchmarks for science
literacy. New York: Oxford University Press.

Bunzel, M., & Morris, S. (1992). Staffing and skills for multimedia production. In N. Granz,
(Ed.), Mulitmedia application development using DVI technology (pp.51-68). Austria:
Mc Graw-Hill.

Campbell, N. A., & Reece, J. B. (2003). Biology concepts & connections (6th ed.). San
Francisco: Benjamin Cummings Company press.

Clark, J. M., & Paivio, A. (1991). Dual coding theory and education. Educational
Psychology Review, 3, 149-210.

Cohen, J. (1988). Statistical power analysis for the behavioral sciences (2nd ed.). Hillsdale,
NJ: Lawrence Earlbaum Associates.

Dickson, W. P. (1985). Thought-provoking software: Juxtaposing symbol systems.
Educational Researcher, 14(5), 30-38.

-59.



REXBREFAR B2 52 2H

Doty, D. E., Popplewell, S. R., & Byers, G. O. (2001). Interactive CD-ROM storybooks
and young readers’ reading comprehension. Journal of Research on Computing in
Education, 33(4), 374-384.

Gagne R. M., & White, R. T. (1978). Memory structures and learning outsomes. Review of
Educational Research, 48, 187-222.

Green, D. (2006). Using digital images in teaching and learning: Perspectives from liberal
arts institutions. Retrieved June 16, 2006, from
http://www.academiccommons.org/imagereport.

Haertel, H. (1992). Visualization of concepts in physics. In S. Cunningham & R. J.
Hubbold (Ed.), Interactive learning through visualization (pp. 137-145). New York:
SpringerVerlag.

Hegarty, M., Carpenter, P. A., & Just, M. A. (1991). Diagrams in the comprehension of
scientific texts. In R. Barr, M. L. Kamil, P. Mosenthal, & P. D. Pearson (Eds.),
Handbook of reading research: Vol.2 (pp.641-668). New York: Longman.

Kaderavek, J., & Justice, L. M. (2002). Shared storybook reading as an intervention context:
Practices and potential pitfalls. American Journal of Speech—-Language Pathology, 11,
395-405.

Lawson, A. E. (2003). The neurological basis of learning, development and discovery:

Implication for science and mathematics instruction. Boston: Kluwer Academic.

Lawson, A. E. (2004). What kinds of concepts exist? Paper presented at Workshop on
Enhancing Scientific Reasoning for better Science Teaching, National Taiwan Normal
University, Taipei.

Lawson, A. E., Alkhoury, S., Benford, R., Clark, B., & Falconer, K. A. (2000). What kinds
of scientific concepts exist? Concept construction and intellectual development in
college biology. Journal of Research in Science Teaching, 37(9), 996-1018.

Lee, Y. C. (1998). Cognitive teaching theory and strategy. Taipei: Psychology.

Levin, J. R. (1976). What have we learned about maximizing what children learn? In J. R.
Levin & V. L. Allen (Eds.), Cognitive learning in children theories and strategies. (pp.
72-103). New York: Academic Press.

Levin, J. R. (1983). Pictorial strategies for school learning: Practical illustrations. In M.
Pressley & J. R. Levin (Eds.), Cognitive strateage research: Educational applications
(pp. 213-237). New York: Springer Verlag.

- 60 -



EX% -RAE EFRARALRZIHANBLY

Lloyd, C. V., & Mitchell, J. N. (1989). Coping with too many concepts in science tests.
Journal of Reading, 32(6), 542-545.

Lu, C. C., Lin, S. H,, & Tsai, C. W. (2008). The study of teaching course design by
CD-ROM storybooks of microbiologists. Paper presented at Conference of Asian
Science Education CASE 2008, National Kaohsiung Normal University, Taiwan.

Lustig, F. (2003). Evaluation of students integrated understanding concerning the flow of
matter to and from cells. Paper presented at Annual International HERDSA
Conference (Session C112), Christchurch, New Zealand.

Mastropieri, M. A., Scruggs, T. E., McLoone, B., & Levin, J. R. (1985). Facilitating
learning disabled students’ acquisition of science classifications. Learning Disability
Quartety, 8, 299-309.

Matthew, K. I. (1996). The impact of CD-ROM storybooks on children’s reading
comprehension and reading attitude. Journal of Educational Multimedia and
Hypermedia, 5(3/4), 379-394.

Matthew, K. I. (1997). A comparison of the influence of interactive CD-ROM storybooks
and traditional print storybooks on reading comprehension. Journal of Research on
Computing in Education, 29(3), 263-275.

Miller, G. A., Galanter, E., & Pribram, K. H. (1960). Plans and the structure of behavior.
New York: Holt, Rinehart, & Winston.

Paivio, A. (1986) Mental representations: A dual-coding approach. Oxford, England:
Oxford University Press.

Rubin, P. C., & Wilson, L. (1995). Enhancing language skills in fourand five-year-olds.
Retrieved September 19, 2002, from http://www.cfc-efc.ca/docs/cect/00001046.htm.

Snow, C. E. (2001). Knowing what we know: Children, teachers, researchers. Educational
Researcher, 30(7), 3-9.

Steven, R. J., Slavin, R. E., & Farnish, A. M. (1991). The effects of cooperative learning
and direct instruction in reading comprehension strategies on main idea identification.
Journal of Educational Psychology, 83(1), 8-16.

-Tennyson, R. D., & Park, S. 1. (1987). Artificial intelligence and computer-based learning.

In R. M. Gagne (Ed.), Instructional technology: Foundations (pp. 319-342). Hillsdale,
New York: Lawrence Erlbaum Associates.

-61 -



BEXBEAR > B21EE2H

#AEWHR 1200843 A 318
#%8 200689418

-62-





