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ABSTRACT

The purpose of this research was to investigate the effects of multimedia learning
on student’ s learning of diffusion and osmosis, in addition, eye-tracker was used to
collect data of student’ s eye movement behavior. It is hoping to explore the
relationships between student’ s concept construction and their eye movement
behavior.

There are 74 undergraduates from a university located at north part of Taiwan
who major in biology (25), science engineering (25) and social science (24). Results
showed a significant difference existed in their beginning conception of diffusion and
osmosis. After multimedia learning, the three group’s students made significant
progress. Students’ major in biology and science engineering usually had greater
mean fixation duration on special areas. The students” major in biology focused more
on special areas and sometimes on some text areas; the students’ major in science
engineering focused more on special areas and animation areas; the students’ major in
social science focused more on special areas and text areas. This study demonstrated
students who received higher scores on the scientific conceptions would have greater
mean fixation at the special areas. In addition, students’ cognitive working memory

score is correlated with their pre-test and post-test score of the open-ended questions.

Key words: Diffusion and Osmosis, Eye-tracker, Concept Construction,
Attention
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Yo a R IEMEPERY

B1980 # i E > PE KT E 2 Bl o @@ fEk s e
PR AR REPENPIRE S P OPHT LR LR RS
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PR 3L PE KT EEY - A3 (FadF 0 1997) 0 3TE K 0 R % A S
BABMAB LR N EY PR TR EHMTE T SRS B B B
EEFREHET BRHPM G TR S S R e [ AP
24 BT FRE R o R SRR E - BATE T RN o BAR - AR - b
4 (Multimedia) £ - 7 2 &2 3 ~ B35~ 85 ~ B ifed 3 £ R" e
TE AT RE S AR B FER LA LS RV A BB EY P
TR REH > MHL 5 KE 44 (Instructional Media)(% 7 fic » 1994) - & * ¢
S KW RS TR RS D S R kT o AR
AR hRE o
FAONRFPHTIFEY F BV P BhLHE* TN k¥

FOGMEE SRS A RRT AL AP RAEE ARV PALD T RS

EIgg
PEL S B b R P A V% TR RAREY J‘Ffﬁf"ﬁ R
LAorFfmAsegt Y J‘Ffﬁu Fefaz v BRI Fo¥ 4 A

LR B Y ik chE & FE o
§ 4 e 3- b > Paivio(1986) ¢ £ ¥ 45 12 % (Dual-Coding Theory)4;
Mo ARG A RI B R I RIEA RN TR S - SRR
» % v % ti(verbal system) @ ¥ — B B th % tt(visual system) B F A IZ AR F
FReowmBRFALEN DFEVErRF B IR r B R
i % Fhw o Mayer ¢ Gallini (1990) 7 £ 8 %42 % 3 % » # 5 % R4
Be MRS AR - T 3 REE Y 2%k o (&% Mayer fr Sims (1994) 12
SHMEE SRR R TR FERFER, FY kR 2 B

AR R R R D S (S
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Working Memory

- . -
Presentation of ]"(T)"'"" Mental representation
verbal explanation of verbal system \
" -

A —r( Performance

. F
Presentation of j_®__. Mental representation
wisual explanation of wisual system

-

L

Long-term Memory

B 2-2-1 A% 58T Y 7 & Bl(Mayer fv Sims,1994)

Moreno f= Mayer (2000, 2002)#7#& &1 2. 5 4588 & ¥ 32402 3% (Cognitive

Theory of Multimedia Learning) > < 3 # MARLE & LK > A B ER & rp

B~ smav s b @ BRI S N S Er Rt AL 54 BT R
PeiE < :’f_—frf,{z fis » A1 TR A HFEF CHE S S _p_%&];\. z g 2R s T

BB WS 0 RS RS A e e RS AL PR R
L L EHRY R E o doB] 222 0 B0t 0 B iE S B kAL S RN

(* 3ot 3yl L7 0§ ey -

SENSORY
WL TIMEDLA | ONG.TERM
FRESENTATION _ EMORY WORKING MEMORY [ER]
o, MER
select a 17 Werhal Ivlertal Frior
Wors e Bas | S e G0, e Mol Knowledze

il

¢ i mtegmting*—
. selectl i Organizing Pictorial j
Pictares 7™ Eyes ﬁ 'klmgéseuﬂlase Tnages [vE ntal Todel

‘,-'

B 2-2-2 5 -85 ¥ A2 (Moreno f- Mayer, 2000)

$r SR SRR ST T 0 221 S FhEAANAT B

)

ARFER B IRMAG D LHE Y ek R g
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2-2-1 5 M2 RHRFHMTL B E
LR < K B EHS Py EE
Reed(1985) < e ErPTEET
i
Mayer(1989) <54 <~ F B gy
> F4E Y
Mayer & Anderson =~ § % v F+dF B & IR % R dF
(1991) % vs. 2t e
#
Poohkay(1995) ~ 54 < F 2 FH+dF he s Aok
~ F4E 5 ye
T Ft+# G
Mayer & Moreno < 84 w5+ EF wEAEF e b Sk
(1998) O R Ty

TR KR sk oA £8(2001)

Mayer(1999)% M A&-F M o fL ik 5 & (4deir & ~ B AR &AL R
- X BB T A(EE ~ BD A E L) g g Y &k o Mayer fr
Moreno(1999)4p 18 H &7 3 v o ) T LA ¥ oo > $ 2 g B ook B
B F oo AATT LA PR S L R R S A d 2 i E AL
foi% & 7% iz o

HERFIHEMAFY 28 0 PR EEY DL M2 ROk
Bo e @ 7 = B A KNE T ¥ (encoding) ~ # 77 (storage)frdk B~ (retrieval)
(Baddeley, 2000 ; Sternberg, 2003) ° 3 #6 &_4p #-3% < chFr i > 3k 5 7 %
- AL o R A PN L EY AR c RERABEE EG A
WY L e B A N R T ok s R L (T i) £ B e
T N 0 - LE N = )

WEFRELL I T ha RECF - BY)TEFF » B2 F G5

4 Baddeley eh1 ez g ficd] » { 7 N mm P L foiE 3 »r ks o
Baddeley (1974, 2000, 2003)#73 ! ¢ % ~ % & 4] (multiple-component model)

Beinar ko e 2 1P B H F & Y(central executive) ~ AR 5 B 5% (visuospatial
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sketchpad)fr 3% § i § (phonological loop)fr ¥ # % @ % (episodic buffer) - # ¥
¥+ ¥ % > 4 Baddeley % 2000 & 3 4c 1o (14 T fE 4 p Guan,2003) -
7 ﬁ o it e

1.¢ & 34 {7 #F(central executive » CE) : #4172 & % » f F#3 & F 0@
AT AL 0 ¥ TR TR A fie o

2.4 7 B 9% (visuospatial sketchpad » VSSP) » f F M 3F frd2 &7 4R &
ZREAPB WL > T R ET AR R o

3.3% 4 & . (phonological loop » PL) : ‘& ek F 35 © 1L fZ &2 B 4F 38 po e
NEFET e

4.3 i % % (episodic buffer) : T 2 HE L - B 7 'TF £k i 4
PRk p e kA E el o R EA A - BH - F i TR
Y E R TN T TR S N T R

AR EFRBE FReBRARLIFEE (Rosrihchit el

i

Visuospatial Episodic Phonological
sketchpad buffer loop
Visual Episodic Lancuase
semantics LTM guag

Bl 2-2-3 1 iF2e % 2 & (Baddeley,2000 ; 2003)

1 F R Ak Baddeley & I FF > FIREK L T B DF £ F Lo Just fr
Carpenter (1992)#% &) "32f22 % € 32% | (A capacity theory of
comprehension) » 45 1§ T E & fEFF o LfER L PR Y 0 1 Tl kR

AU BLE S BB AAPETRPES > ERABLEL > Akl Tf 3

"
P
ELENE RPN F R E L EEL RN PR

gul
3
pe
18
o
g
+

|

=k
X
IRy
et
[}
)
-
ql
=
w2}
|k
A
A

o Lang % £ (2000)# ' 7 7 £ F 'TH 0 L% e
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7% (Encoding) ~ #% 73 (Storage) ~ # P~(Retrieval) iz
q

\\\
F
e
w
=
o

¢ ’:\_,%a'—"@'f g)i' l\!:\ér“ﬂﬁ/}g‘(quﬁ;

d b eV e A IS L FEREFVET IR oM - &
BEAR MRy £ G Wa F2bE g o TP E T nE Y R F 2

B WAL AT B o

Sweller(1988)#& ! tu+v f f7 22 % (Cognitive Load Theory) » #-3u4w f j7 123
IRFFRFY 0 L BFW G L LS ook B E T ALY Y
Foodga A F Y sxk o Sweller 335 a4 f FE P ER{ir T ora g
e RE P F M Rk FY N FRRETY Feha TR ATV A
SILFE S e ¥ A4 % T '8 o Paas(1992)4 11 ¢ A 2 B Y Ko f ek F
{ﬁyﬁi“ﬁi%ﬁ?*r?*Jﬁ&’?4@3*’§?ﬁﬁﬁﬁﬁﬁ
R G CHTRED C GRG T BV ¥R FEL

e o Marcus(1996)3p h ey 5 e @ o 5 f Gk B Sk R AT A

Rl

s MM R R R ML e A B Y ok o
Sweller & % (1998)P] ! H 4 K - e B » #inivf menk e 5 = 8 »
intrinsic cognitive load ~ extraneous cognitive load {r germane cognitive load »

1395 Guan(2003)H & & scit 4o
- )intrinsic cognitive load : % F 3 i » 4F fefd & F §_F 2~ ¢ (elements)
g P A}
RApM B iR m 58 -

(= )extraneous cognitive load : T E > N h72 b > 73 = 3 B ARR D]

(= )germane cognitive load : § & ¥ ﬁféi AHE > Ta fedhinie f dF oo
Mayer (2001):% % & ¥ ;ﬁ TR EERES A E 3 B RS R
T3 REPDE Y& cARE?Y > F B ~BFF A P2 TRl

FALE B i e o F 2 F U BEF LA EER B A EFERYIREEFS X



B AR BERER T IARERG AL FERR A 1AM LR

GRESERL) RIa &5kt ¥ L 48 5 i2a " M35 f 47 o Guan (2006) F #

FREEFRI B AN B AL 2 F ATV AL IR o d A
RAFFARIEYRFERI DA RS o L0 G oafIHEY F g

Vol T i 2@l RT G IFHEHFZETENTZ > & 81 84

@
1@

~
- ~ A 4L R 4 st R (Split-attention effect) @ & #7718 4 g 4 h F1 A E
VEZERAALA AR REFIRIRIRPTR > X2 5271 Tl

f
AR RRDFREEALK c ZRF P PRV FAGFEEAL AFTLE

=~ A55 2 g (modality effect ) @ Fil 2T Sd 5 E FiE 0@ 2LH -

B e e T 3 g T DGR ) R e 0 T R SR |

= ~ & # »t B (redundancy effect ) © Bdp fe T AN F o BRI R ot 50
EHTRF IR frr 3 RGN AL EA R FREY o

FZE ARSI Hiticrd T sk EE Y

Lawson(1988)#-bE & % & & [ PEA =< PSS 3530, o 3 5 0 % fu i
o R RV R TAKEFR BV F LR ER Y R S5
1R Y FIeHES kR REFFLAIPE REY Fadpody
W23 a BEPEL - BEZV FhT el F 0 AR MIHE

FE o FigfeB B Fr )i s AR BT > FI I A k¢ ARk

%%’Il,‘i o
ﬁ#iéﬁpf’?émﬁ%{@%@mw%ﬁﬁﬁéﬁ%%ﬁmﬁfﬁ
ot Ao B S T P RBF E ST F AT RSP TR 2V 4

ERRAC BB omE A F 2R 0T Y X G ¥V G A (Friedler,



Amir & Tamir, 1985, 1987; West brook & Marek, 1991; Marek, Cowan &
Cavallo, 1994; Odom & Barrow, 1995; Zuckerman, J. T. 1998; Sanger, M.J.,
Brecheisen, D. M., & Hynek, B. M, 2001; Odom & Kelly, 2001; Chi 2005)+4v
Friedler(1985)sh#= 3 # I » 2 R 5 Hic L3 Foo# b » %5 ;T*u‘{/% A e F
o508 Fdaferen B O(1993)hF T B IR 0 2 G e poahde LB B b
MG L AT e h TN B E PR R RSB T o

PRE T L H SRR i RAEFY FEFME® -7 AMES
% % % % > Posner % % (Posner, Strike, Hewson & Gertzog, 1982; Strike&
Posner, 1985 > 51 % P EF Y «BE) > I w B FFEE - RPEY H5 L
B HPEL hE

—‘ﬁﬁﬁilﬁ*%éﬂéiéﬁﬁﬁ°

S EY FHRATMAE QR A OB E -

Do ATA S A BE L

o~ FTPEA S R fERE e ¥ Rl .

MLE A é&:* ZEE W SRR HRE YL R oM L4 RS
o B AR Rl 8 LFY FRe B il S A#HS L
BoEfEp L LA HENTROER  FYMENRFR IR FHE L P ¥ F

GRS F L RALE BB B Y RS o T BRSSPk IR 0 it

MCRET X2 T

(FIEFE R M ARI DD K LR LR BB G o

(CHPF*3F i TxB Bk R P B X3¢ L a2ty
PR RGELERZ B TR S B

(=)= % %4 id ¢ Preece(1984)3n 5 F ¥ H L )~ > ¥ i L~ " p
F 438 g d (triggered) o 4 BLBR D SE < i LTS A M0 F 2 iEng
Eooom it FE S Ko

(2)E 4 AR ¢RBYEY (o p ¥4 3842 U Lha
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v ,?3‘; .ﬁ;};%gx l(’ E', m%i%fr 'f\?y 15‘9;: o
(I)REF mF ¥ T gl ) S LT3 5 s ¥ -
" mA TR A N EF(RRPAIIREDEFTA S LRFHT AR

T RET R 0 BTGRP iAo

¥}

ot A5 27

c

B AEER  EV ARG L EH TR

w2}
Ny

Sy

0%
<H

ST E s WA RN BBRE - AT FRT BEFG

o+
ke
l3<
L

B0 @ 45t Carey (1986)F L # E V¥ F 42 37 g s T, - #
FPEA A SRR PPEAEEY 0 Fla ® @EREA S B @RS 0 20 5y
EERE L R 0 BN hE 2RI % 5 Chi (1994) 11 & §8 3% chpLBE -
4~ % 4 B (substance) - i#F #2(processes)fr < #H ik (mental states) = B 5 & i
A ARV AR LT BV HRT PORETEAWE S Y 0
ARSI ARF B e p AR TR F L N L R
F1%E 5 Thagard (1992)#-# & ec 8 d 7 % DI FJEE A 5 4 BFP K - A& B &1 H 4

RTG|F o~ B e 33 R~ B Ae 5 R o B e BT B TR s B Ao RTHE W] PR TR

HudTPe s~ L JRAUBM Gl s A R L A o8 B -y 1 8
R PRI SR R R S DY T

f g AR F E e e
¥oob o AP A B RE T Y o 2 aEf(She, 2002, 2003, 2004ab) 3 F 14
PEA RN L R BT AR EMAEOT NM ) T RPLELERFN T
 § 8 & Y # ;% (Dual situated learning model, DSLM) ; & * & & 4 g 4 o
FHMFT T (4o %4 v A FRA HnBEBEN) o EE P o
%% F (She, 2002, 2003, 2004ab) 3 B # chF £ R § ¥ S o B F e 7

L RHKE -DSIM B A AR # B TF 2 FEMEAFME DB ER

4%‘

WHEEMEAFTOL A HX ODSIMEY F E O AT
%-‘ﬁr‘éfa\;%}3.ﬁ ?f,gm%—lir’kvfé}:;}ilj:_gﬂiier m'\"%l::r ‘f#-’}@rﬁ
B

CEATERATEOME c AL REARRDEIFFY 4 £A7
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EpmE b e RE R £ F A 2 & £ (She, 2002, 2003, 2004 ab) -
DSLM d = BFFfsrie s » f§ H P 4o ¢
PR - DA PERME R TR REEHLPIRETT DO R
Prges B MR r EERmEF LT A c MR RFEREY F
Pk E A LR FY :‘Mﬁ* A s g BL
%ﬂ;:&ﬁ?i%%éﬁ%m%?%g%%*muﬁ%ﬁo%ﬁ¥—%K
fo i - PRECPT R R T T O N E Y E O AT
Aordk e R RIFERF -2 HDSLM R EY T ¢
ik g o
PPl RV EFEFBREVER c M EREY D RE AR - ERN
i AR A S
AR BFH NGV F VAR TOBERE > KFREY A
MM R LTREL R AR AE YR R REL
TS ER R R RS L HRBIPEIME DL R
R e
Pl (A EERBREV SRS - 5 - FEF &P R E (kg

By EF LT AR ) MEAF LAY RSB Es T

%@
=

BOOREY FER MK HE R RE § R LA #F
%?% BRI
e 4 s

;;g_%‘fas.&mrdr,')mmfgr ‘f#‘%)\ N
giE T AR 0 - X

‘%‘“wly

SO EwmA - 50 REY H K

PR B P RROPAEAT ER SR AR -

FAr @ eehAnede s P ESEE REY F T oL
TREY ML R mEE -

b P PREREV IR CBRETURBEFY LT L RKTER

OB R Kk G AR 0 B AT A K R0 i eh

BEPEL
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A TR RO G e g2 R F M F R A5 T F 96 (She, 2002, 2003,
2004) BEFHEE Y BN (% - I % = FF )2 Chinn & Brewer(1993):
BAd BURR OF Y N F G BME TR DB RS2 0 PRI E ROk
BB SR A Y F A o i me Ao B F
POME L ETRIR DG RIRE R Y F ML R -

(4"7

BT EAMA FQ00)F T Y B Al Tk ted s PR 2L
PR T B MG P Tt R s ARG A T $
o R EYFEF OME 2 A MARARF F R T D LEE TR
e AR EY EFEe N BT AL RRBEFH RiE ez
ﬁ’mﬁwﬁhwmwﬁﬁﬁ°w%%*”ﬁ£¢ﬁ4ﬁ%%£¢ﬁ4ﬁmﬁ
W Fzes > ARNEREFUME DT Y F - Fd 0 H 4 3] 26.7% -

o RE R FZ R o LR HEE S Al A m%”%”ﬁﬂﬁ%
thie $ e 14(2096) 0 MR BOL 0 S R S et A e 4 B 0 2
ARRDwHFME F W2 L -2 00 BBy T2 P R+ Bl o
B R G RS AL E § F R AR AR S H g o fra P B RS
B2l Femppl s B2l 5 i@ B & FaE R ki
MBI o 23 G REEEA DR S S BT s 0 Fa A
NV FRAF A DPF 3 HEF TR (FREBEICBIEFTRE)F T
TiEAT ) PEA L GRE o R p AP RAEHEE I HOEY S HENER
RgBFEEE BV FAROMEP RS AR 23 T -
g, TR - M DRI R 0 FE80% NEY FEHENEREN
s > TR AL REREFAMENT 2 BRI RNPEFIMER ETLER
Feo B gt TiEAR ) WFROMAR TS T R OMAE {HRE 2 M 4
FYH# T2 s a0 - A ARGMER TR PR Ed K
Frudaopgg  wRFAFNIBFIREFTFT - FF FRTREAPY L0 8
AP R DA S MIBfE o AT R IR T B4 5 X B A gl
FRECEAFFANFAL G e E 2 g FEL D

BEY AP LRt > KEFRAT FH R T f e
BrEAEEE o R KEF P R KECGEE) TV F 8 L LTI ER -
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Stepans (1991) # ¥/ § ¥ ;ﬁ%’ﬁ YR AT kBT A e ¢ ()RKEF# L5
WEYFOVIMEFRE B ()P V2 I b AR E) IR 4 é&q*
5 ¢ BT chigik s (4) TEEY 3 %7&? MR AR E R hEE S (5K
T EROIE 5 (6)EA BARTE « AF Y 2 FRICHE N E Sl F R

ﬁ’ﬁﬂ%iéﬁﬁﬁﬁ%ﬁﬁ%ﬁ%ﬁiﬁ%’?u%@r?iﬁ#%j

B3, hER > frE A BB AR HT A RR BV Foori ¥ g TG
BRAER O 0 At ERCME S S SOl FH (G F g7 ¥ E R

% REBACHBI) A T RS i -

7. 5. (Robert Hooke) & 1665 & 1 p @ kg e L2 A28 & » T #9715 | eh

ppiu}

B dme(cell) o 16k & 1838~1839 & » Mathias Schteiden = Theodore
Schwann » & 41 47§ 2 $ 3R E m i ATl & o QN 2 8 0 AR e - T g
mie T BT E R p M e T T % - FEH DR A wmie T R N
FEHRI®AEG Akl &b Eg gy 4T e SRR E T L
W IR o @A AT oA S T L e ol 1B A# o T iE AR e ahdf

FAeR ST hE iR 0 F MR B A AT N E Y A b

Christianson = Fisher(1999). ! 7 #FAcfri3 & (T 7 7 = B £ £ 12
doe B IS Y AP E R NERARRL P LRHP R F
WHcfrr G Fr LRRKHE L FY F RRF RF RS Er o 2P L F
FHBREZT A LZEE A FER  ZEFRBE S e A F
ZUFARAPEY AT F o B RATEE A EY FTV M

1k R R FHATIo% B (7% o Friedler, Amir v Tamir(1985) % M ix % § ¥ & 4
WEFBEEY L L T kR AL FRE T TS B ROk R A
R TAL AL FEEY ¥ F A o Friedler £ 2 (1987)% % ¥ § 4 &
FrBaiEr PMEFR AT Fhe* 1L.EY R Z - E I M-

‘l@-"'/}é&mﬁﬁ“; N ;2. F** r J\'l"\ 3 /}éﬁ{J E’ﬁﬁi,{i y 3% F** r, J\Av\; 13—:}%
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BEOb T, 4 FRBER S AP 2L DR %5 G R R
A8 kR Z BB M 2 o Odom - Kelly(2001) 3% ¢ 24 7 B f3/% 5 £
Fok s 3 %8 - KL ehdRde ) 2 1A o 8 FIr(19D)HRY - B 2 F ¢
FawvirEm g ARV FE G Twedhp FaAp #$69m g 5%
B mme pnp A B E DRI, DY A BT R B
TeBF - (19904 F @ FAsrieenfm g @ BRI F A w4 W8 Dy G

A LBICREIEAFTHIE > 233 L AR 2.5 T ERB AR

MApd > I FTHBFTLELIZF > F e MERAREHSE > 2 3 E 3L §
BAHBE 3 LI BRARRE )P S HBE 4w )y A H D

MG AL WACS KA F L TR T G TG P henBE 6.3 k£ ok

PLWFﬁzfa&m’Lié‘ééi/%ﬁ,7iﬁ’9§5%§m/fa§#53"Jé | % l’f;z'l

s 8 BHE T Hrpr > KA F izl T S0 0. % E T gRanp gk k] ¥t o
MR A G e F FAEA SRSB4 & 0 2 N8BS 2 F & - Chi (2005) WP E

VP HAHBFIOR R DT L R 0 E R 2 L R iR R RE K
R EEF e RMERS Mo EG FIEM GO d ERABIER
M p B A g F - BAS ARG A EF PR e E
#: o Odom {fr Barrow(1995)§F 4 1! 2 R ~ & 2 FHicfrB B 7% ch¥ 5 L > ¢
EERE U iféfiﬂfﬁiféfii&% E#HE10% 0B REF 15% B KB %RF
RO FEREBERAMERDRES B R O ‘97”5’1*7*-?’? e Bidiia
B ek h 25968 Bk Y o 5 e dip g § 5501 % o Odom I
Barrow(1995)#& 3| 22 B M >t 3F4cfe3 B it chp g > 5 ¥ we Bigde
HE T DAL F RBE Y F R RO o ABT T M 22 B AR AR

SE B HARRY 0 B B At 4ok 2-3-1 0
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% 2-3-1 % 'ff'/%z e * mvl”%\f‘—"pa %

TR “’fi FEFFEH (All particles are in constant motion.)

:}7% T ] /ﬁ‘ ¥l .+ hi# # o (Diffusion involves the movement of particles.)
3. ik R E R fo(R )R (S &~ F) o (Diffusion results from
the random motion and/or collisions of particles(ions or molecules.)
4% ick 3+ BB E & kR B AR T2 % - (Diffusion is the net movement of
particles as a result of a concentration gradient. )
50ER A+ &F 8 8 kg o (Concentration is the number of particles per
unit volume.)

6.ERY RIS FarFpzFakR £ 3% o (Concentration gradient is a
difference in concentration of a substance a space.)
THicak+ #FH6 E K E kR A MER o (Diffusion is the net movement of
particles from an area of high concentration to one of low concentration.)
8.4 WA fapr Wit FFiEF E I - RPEs # o (Diffusion continues until
the particles become uniformly distributed in the medium in which they are
dissolved. )
9. 4% %7 ¥ ¢ "L /8 & H 4 o (Diffusion rate increases as temperature increases. )
108 & 3 4 0+ g foi& & 5 4 o (Temperaure increases motion and/or particle
collisions. )
11 ¥h 4t 5 2 5k & # & # 40 o (Diffusion rate increases as the concentration
gradient increases.)
12.5 4k & € M 4o+ Fidg o (Increased concentration increases particle
collisions.)
13. 9408 4 g s $ k siqfe2b 4 F & 4 o (Diffusion occurs in living and
nonliving systems.)
14.% &% it % ZRFATH B - B L% & 0% o (Osmosis is the diffusion of water
across a semipermeable membrane.)
15.7% &5 R(RM D X5k ~ M35k ~ 3R)iph AR+ hip R R 22 E Wy -
i# - (Tonicity refers to the relative concentration of particles on either side of a
semipermeable membrane.)
16,1 3R 7% % 20 f b 3 f2 3 Ap ¥ Y - i o (A hypotonic solution has
fewer dissolved particles relative to the other side of the membrane.)
17.% %3 % v e b a3 f2 3 g #3029 ¥ - i o (A hypertonic solution has
more dissolved particles relative to the other side of the membrane.)
18. %3R3 R A3 k3 cndcp » % & F % & - $ - (An isotonic solution
has an equal number of dissolved particles on both sides of the membrane. )
1973 1% E-R(ZEB)NOFEFH & > K LEZRELFZNT B %IB R o (Osmosis

is the net movement of water (solvent))across a semipermeable membrane from a

23



hypotonic solution to a hypertonic solution. )

208 5% g 4 AF a4 Fok ot d $ % 5 o (Osmosis occurs in living and
nonliving systems.)

21,2 S B EHE PG B F R etde i o (A semipermeable membrane is a
membrane that selectively allows the movement of some substance across the
membrane while blocking the movement of others.)

22. ' wmPe i L % % o (Cell membranes are semipermeable.)

40 FtZ AP A B GAER

L
FREY CREIR B AMG BA FER MG E LBV - B s

PEXSERE S BB E AR Y - §F R AR R EREER
TrMcBLs s il R kR Y K A e ® o

44

b g L AR Gk
-~ IR e AR

FHCOA T IS 2R A5 e o Glde D B s BN s o3 s fos AR

“e
B

E% o TR, POmE G ERMEREEHE S LELUET PR PRE

B rimgenBiz?Y > KRR ARXEPF ¥ ¢ LRMFmade Ay A4 - B %
et - 2 EFREe - %B A - BALFE OB Y S E (McKendree, et

g

al, 2002) c T e, T UGB A GY g AH T U B EY F R G o
ﬁ%ﬁ@“’%yﬁ?ﬁﬁ@ﬁ&’?u%@¥~ﬁﬂ~¢@~wﬁ%ﬁ’%
FrL L F -2 W (Perner, 1991) o d 7 o BRH T P ind oo e
R RO B - 320 A RO BMET A R DE e TR - B
4 hF eIk ET P - 52,273 49k 94 fc o McKendree % 4

(2002)% 45 1 & BB - L1 L B IE 3R R gES ke

i@ % o Fodor(1998) dp iy fleehph 7 £k p 30 8 o S g chp % o
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e I TR b mE ) M
IR e 4 B % £.d Kenneth Craik (1943)#% (3! f Johnson-Laird,
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% 4-2-1 Nmrwe Jicic* | - 2dd - 2 foehp ok BF P st st &
LR O

. partial
P gL R " R "L F P eta
square
2K 25 14 12 061 941 002
PR ;7 = 4 :; 5 80 8 06 9 00
L
oo e 91 4p Rk 25 14.92 7.30
LEARE 240 14.21 7.32
d M 25 221272 1264.81 294 746 008
T
- I M 25 2366.48 1455.73
‘ LM 24 2068.29 1364.60
L AFAmM 25 412 3.59 1.008 370 .028(s)
v F R sAR
, Z1ArM 25 3.64 3.97
LIS (13
Leapm 24 271 2.94
L . A Fd4aBm 25 467.80 57330 1.070  .348 .029(s)
v F % AR
. EaAp k25 414.92 411.26
' A2 Ak 24 284.88 322.06
4 A b 25 83 17 434 650 012
T T (s)
" Ta1pM 25 84 16
PERE R A
L dp M 24 87 12
. AFM 25 17 17 434 650 .012(s)
TERRE L mm 25 16 16
B?Fé*—ﬁ & Ll R 12 . y
Lo dp M 24 .13 12
4 HAa B 25 157.20 63.74 822 444 023
R m f’ f r: 25 160.59 82.49 v
f!l‘!:,—l ;[:’;’JB%F{F = — Fl 8 . .
Ao M 24 137.44 54.24
. AFAM 25 96.66 42.88 315 731 .009
TERRR M 25 100.94 66.66
f!l‘!:,—l ;[:’;’JB%F{F = — Fl 8 . .
LEARBE 24 88.48 55.07
4B 25 2680.52 1347.06 .597 553 .017(s)
RALAPERY 11 pM 25 2781.40 1446.90
A d M 24 235317 1495.81
S Ak 25 13.04 8.01 208 813 .006
M4 AL 1o
ot g LAk 25 12.20 6.87
Lol 24 11.71 7.02
44 M 25 1819.48 1301.29 .461 633 .013(s)

B 4 % AR

a1 B 25 1952.64 1453.96
o A0 B

A AnB 24 1593.58  1190.56
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294 H 25 134.76 35.64 1.337 269 .037(s)
®a14pk 25 159.98 114.87
A~ ip ko 24 126.65 41.66
3 1. "p<0.05," *p<0.01, ***p<0.001

2. partial eta square & ¥ -+ 0.01 <7 °< 0.0588, partial eta square =small(s);
0.0589 <7 ?< 0.1379, partial eta square =medium(m); 7 >>0.1380, partial eta

B 4 % AR

square =large(l)
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% 4-3-1 Twre acier B F v d e 2 fodp R B F At Pt e
FE A AT A

. partial
P gL R " R "L F P eta
square
4 % tp B
) ;1 = 4p :; 25 12.28 9.23 1.373 260 .037(s)
L
o #ie T3 4p Rk 25 17.00 14.13
A ip ke 24 12.50 9.97
45 B 25 1787.24 1430.21 . . .
4 % 5L = 4p B 7 30 2.493 090 .066(m)
- ?14pk 25 2797.56 2840.25
A ip k24 1627.54 1336.93
e = s 4 1 4p R 25 8.44 7.93 2.533 .087 .067(m)
v F R sAR
. Ta4phkE 25 4.32 4.73
2L =t #ic
A< ApBE 24 5.67 6.74
e = s 4 3 4p R 25 974.16 1021.40 2.259 112 .060(m)
v F % AR
o a1 4p k25 449.64 492.68
A2l 24 70462 1004.33
. 45 B 25 .63 B2 1.362 . .
P ; a:' P :; ’ 36 263 .037(s)
Epy e 23 w2578 29
A< iphE 24 71 .35
e = s 4 i 4p R 25 0 37 .32 1.362 263 .037(s)
< T H AR o1 2 »
B?Fé*—ﬁ Py L 2 5 . .29
A Ap B 24 .29 35
AP 25 136.75 47.4 71 ) )
P ; a:' ;ffl :; 2 oen 67 6 713 494 .020(s)
AT, @ 1 AP [ . 7.08
A< 4p B 24 120.88 46.58
s = s 4 5 4p R 25 104.06 25.78 1.807 172 .048(s)
TERAR L mm 25 8152 8.48
oo g @ 1 zp B . 58.
A< ip B 24 80.75 56.33

254 M 25 2761.40 1686.65 1.124 331 .031(s)
ARG PR I 4p R 25 3247.20 2944.35
A Ap M 240 2332.17 1449.39

. 4 % 4B 25 18.28 11.34 34 . .
B 4E T SUL P 4p B 3 343 711  .010
N ™1 4p R 25 19.32 11.69
2L =t #ic
A2 Ap M 24 16.67 10.77

294 M 25 2535.52 1713.07 1.294 281 .035(s)
214p R 25 3007.64 2502.64
A Ap M 240 2120.37 1389.94

B 4 % AR
P
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2 AR 25 13531 28.06 1.167 317 .032(s)
T 1 4P B 25 144.37 49.59
L~ Ap ko 24 128.05 30.81

B 4 % AR

3 1.7p<0.05, **p<0.01, ***p<0.001
2. partial eta square & ¥ -+ 0.01 <7 °< 0.0588, partial eta square =small(s);
0.0589 <7 ?< 0.1379, partial eta square =medium(m); 7 >>0.1380, partial eta

square =large(l)
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LOAB2ARERERAES DTG e AT A AR A 7 4

4 4 4p B 72 1 4p B A2 Ap B
gRF R FRE R gL R
PL & B9 T B ts ip P ts B P =

I 5 I35 I35 I35 I35 I35

R R R T
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NS - LA I TR 0k TS O R S Y N Syt
Bt g 88 A 4 4
. partial
P gL R " = %L F P eta
square
,:; 12 Fg
P ;Tawg :; 25 13.96 9.75 1.018 367 .028(s)
L
o i @1 4p Bk 25 18.20 13.10
L 4p B 24 15.25 8.92
44 25 1617.8 1224.45 1. . .
53 B s P 4p B 8 5 305 278  .035(s)
- ®a14p ke 25 2251.60 2055.77
L 4p B 24 1689.25 1057.75
R 4 %8 25 10.76 12.75 .000 1.000 .000
2 F R AR
] ma14p ks 25 10.80 11.06
BE =X #ic
L Ap Bk 24 10.75 11.69
R 4 %488 25 1091.80 1350.43 .028 973 .001
v F R sAR
. ®a14p ke 25 1168.20 1272.73
L ApB 24 116483 1246.61
44 25 61 25 364 . .
4 B R ;wiﬂ#g :; : 36 696 .010
BT A T 1 4P [ 5+.66 3
A2 B 24 67 20
o 4 %8 25 39 125 364 696 .010
TERRE L am 25 34 2
Bi:FE']&_ﬁ i = — Fl 8 5 . : 3
A2 AR B 24 .33 20
. 4348 25 10623 32.2 1 . .
P& SR Ei iﬂ f r: 25 111.29 2 : " o
f!l‘!;,_l;[:::.lgi:ﬁ']& LRy 1N . 7.70
Lw4p B 24 108.53 26.84
R 4 % B 25 98.54 16.06 154 857  .004
TERRR L b 25 9330 41.06
;g‘biiéﬁ.fr? Lo R 3 . .
L2 4p B 24 95.50 37.96
4 %488 25 2709.68 2183.47 .563 572 .016(s)
AALGPER 14ph 25 3419.80 3112.45
AwAp B 24 2854.08 2039.03
. 4 348 25 12.52 11.14 922 402 .02
T 02 O%(s)
,A ma1Ap k25 17.40 13.73
BE =X #ic
L 4p B 24 12.83 9.96
. 4 %k 25 1346.28 1209.28 912 . .
M A T S P Ap M 09.28 .9 407 .025(s)
- ma14p k25 1968.64 1823.51
L Ap B 24 1465.46 1355.14
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O, 4448 25 104.87 30.78
W4 % A
I 1 Fp B ) .
oL g ik 25 105.57 19.75
Lwp k24 104.43 38.60

.045 956  .001

s : 1.¥p<0.05, **p<0.01, ***p<0.001

2. partial eta square & ¥ > 0.01 <7 >< 0.0588, partial eta square =small(s);
0.0589 <7 ?< 0.1379, partial eta square =medium(m); 7 >>0.1380, partial eta

square =large(l)
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24422 R EPF R AF2 L F e BRI MAETMEEHEAS T A

4 AP B @1 4p B A= 4p B
gRF R FRE R gL R
LA BE 5 70 P sl W R sl W R ts ip

Ty Ty Ty Ty Tim Ty

R R R T

R EpmeEkRLARH 48 72 56 .80 25 42

A 8-S 2]

BooMER kR LARE 48 72 56 .80 25 .42

g

FIEAEABERE >k .60 .80 .64 .80 38 .54
&4%%ﬁ$§iﬁﬁﬁi
oA 2 Ak R § R

Y As

L ZE o
= —33-5'52%‘/17}

Foaagkized Kk 68 .96 .84 .92 .63 .92

§ %5
B ola I AMEBRY YK 68 96 .84 92 .63 .92
§ IR & R L

FokaaFkprr Ak 96 1.00 1.00 1.00 .92 .92

N i S 28 44 48 .64 13 38
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2 4-5-1 Tmee 38 (7% | $dhw O IR E BT R ATt A B ek 47 4

. partial
P gL R " R %% F P eta
square
,:; 12 Fg
A 47 :; 25 10.24 10.80 789 458 .022(s)
L
o i w3 p k25 8.44 8.25
XA 24 7.20 5.52
4%k 25 112556 1333.40 . . .
P o 4p B 333.40 606 549 .017(s)
o g 25 112256 1153.34
LB 24 820.75 747.74
. A FamH 25 232 3.18 977 381 .027(s)
v F R sAR
, 1M 25 1.56 233
LIS (13
L g 24 2.54 211
L A pEM 25 249.88 353.98  .882 418 .024(s)
v F % AR
. gk 25 166.24 252.34
L g 24 269.83 253.14
44k 25 85 i1 3.285%  .043 .
P ¥ 4p B 9 043 .085(m)
" ®a1pM 25 79 31
PER R A
X B 24 65 32
L A FamM 25 15 19 4219* 019 .106(m)
TERRE L b 25 13 30
B?Fé*—ﬁ & L T AP I . 3
X anE 24 31 29
A FdaM 25 104.70 22,55 1.42 247 .
BRI iﬂ f r: 25 119.05 76.79 8 T
o g 2 1 Fp ls . 7
LB 24 93.84 42.47
. A piM 25 6057 60.83  1.678  1.94 .045(s)
TEFRRR L 25 sal4 61.48
f!l‘!:,—l ;[:’;’JB%F{F = — Fl 8 . .
L g 24 82.64 46.98
4 %A B 25 137544  1615.16 318 729 009
ARALAPER 11 4pM 25 1288.80  1231.43
L 4B 24 1090.58  861.69
A FdaM 25 5.68 6.39 114 892 .003
Mg 1P
- 1M 25 628 5.95
BE =X #ic
LB 24 5.54 4.80
A F M 25 596.00 623.65 738 482 .02
N o 4p B 82 .020(s)
- gk 25 829.40 716.00
LB 24 623.21 623.65
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2P 4B 25 96.72 34.42 1.385 257 .038(s)
2 1 4p B 25 118.90 75.56
L Ap M 24 96.21 46.28

B 4 % AR

3 1.7p<0.05, **p<0.01, ***p<0.001

2. partial eta square & ¥ -+ 0.01 <7 °< 0.0588, partial eta square =small(s);
0.0589 <7 *< 0.1379, partial eta square =medium(m); 7 >>0.1380, partial eta square
=large(l)
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gRF R L L L L
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¥ kT EEHL S PRER .64 .88 .52 .92 17 .50

WA 5 75 e
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FARB TR A MEREFNTHE g 2 K2 BB G FEFEF AL 5

A EEEHET Rk o

B E 3 REPT RS 1 R M A

% 4-6-1 mPH e REFEHT B oRl%F b %2

wAarEd i A =B i
EHE R -.067 -.202
= pE R w R 042 -.022
= R AR 109 =52
B Az 3V R AL R 318** -.001
B R g R 2237 -.046

H R T "p<0.05, *Fp<0.01, " p<0.001

B 4-6-17 01 @ e B4 nE L g 2 g e e R B £ R
PR o e e RAL EARBXRBF TR S wPFRP R
LD o KB RE AP IR fore il o mivEl e e B
R R BRI M EAM o A om B e B AT R e R IE A Bl d e 2k

H oAy v ey e BT oA e

77



3
=4
el
i
-
3l

\"Q&,‘_
i
:Q}\

AT g e BB T KEFIHIREPT I F L

FiMALMARHEY S HE- HHUARERTR LT bR

"m\ﬂ

¥ 4 & P PR ok SRR 2L =0 #i(number of fixations) ~ 4% 4R 2L PF ¥ (fixation
duration) ~ RAL P> F ¥~ F T 35pF ¥ (@ (mean fixation duration) ~ ~ F & # F
% FARPF I e A Vb (percentage) ¥2 AR AR fiL B (scanpath) et #i e A 47 00 2 3F 3

B L&l - X IR A RFI e FFTHRLAIOES > oS 2]

13\\-

S TR - A AR M g R o

$- @t

AENFR e RFALEFEGL o B LT L LR RAERP AF Y hA
LEHER - T LUFH RIS EET ML SR RED B ML E AR
SR XD EHI R L LR e FAfe RS T LB 8
ferd RFEBRFTR RS REN AT % o
- A REHFF AL me B E T A E A TR S
2

NTEHHFTRE- TR RERAT RO TS A RE v e Ficir S
Er APMMASNERIT T AR?  BF LRS- TR R Hiciosd
KEALTFONMESH? ) RFg DA ITEFES > AR R -
(CFLRE- T2 R ERT R F2 ARED e Firfosd T 4p Ml
PAIEBLEF LR ?

AT T4 Fd Sfh BP9 25 FHE L4 54pH 02508
PEIEZIPH 24 FPFF AL 2P eI AR ERT F

78



i hm e FicfrB S T AP RN A ANERLE R FL 2 ffen
IHBEFTRCFARFHFALE ARFPTR R AT %
AP ATDRI-R RS EERR G EREFLE o

(CH)F TR "TREaEHiciczE T KF LT BN E L R

EHBARN PR we B Y AN TS LTS LS

F_L

WS T ARG A E1 B F T R g
ETHEP PP HACET DD EC? R v TATEBRRRES S
ERFBOR L, TR FRIRALBCRRPR) e, - T3
B g kRAFEH/ICTET 393 206, 0 & THEP PP RETEr £ 08
Pl? R v ¥ TR BERPASTEFHIHEZ RS EY 5~ Thkrs
Fod X EOUR RSB RABIRAD R, ~ TAS Y S L AL
FACIE® bl BAPMPLE | o STEE G P E L Gt BIR e 0§ A

PIPEF S o 2 Hm AL B s BEAH AT R A FE s 2 R RFRCR

.,

It

¢

SRR R R =t SR S e R Rl

R

iz

A

P

|lf

4o

5 R T T 8L TIA

m;ﬂ

b FEHFFREEMATE P EERT R
AE A chme RIS T FEA SR (A RIGITE RN L) S EA
RIHFLR ATl FRFZEFTYREFIHTTIREFF I D52
thinte TR G (T PA R HEIDF foh il

S RERFR AR R e HACIOF S T B F 2 Rk B

AL ARSI S A

T AHETREE: T2 RERT RN F A AR T oS F
BFESYRALIAGEITAR? BT EEe THEHFEE Y EE RR

EE S AN R L RIS R v e S R A -
Mo RBFYSEH
()P FEPF R F2g TwmwHicitr | &5 2 RIPEHPFTTH - RAHR

79



B0 PR G R A T

PIREBRFAER 2 PRl F TR S L AR GRR T IO R
o JURRE S TR AMER T UM ERIPEPRF TR Fl L P8
WM AR S L ag T B AR TR AR 0 ST
G R A EAp Mo ST e AT | AN N S HF I 0 4 F o

IFPTEAFINF N BRL AL DR AT DRMA TS

B d o FRAMERRARTHOFETHET > 2Rl FpFF 540 5

FN A B AL I AEA ol U RE APV G Bt b RE

T
A p
S

4

4R R TIHOERRE > o8 F KARRRP Y ¥ UF IR MR
PR AR B PN EFR S o EmE o

FP B AR EREP AL AGRIFET §RFEY oL
oo AP TR R AL S 2T B or o b AR R BT O PE I 4P T

o AMEEFENIDE AR B Lt e FEMEEHET B M

o

(CH)P R EFFRAF2 RS T by B E 2 RIPEBHBFR AR
FUIR B2 PR £ E A 47

PRIRE T EED 2 F o1 F 424 F X F4 AMEwRRETHEFTR
£ ROLRB A G B AMEET T e BRI BT TR T 4 B

3

ARAAGEA G K TR BT | PPEAK N ARG F R 2 o
IEPERAELIPFA A PR A FL RS 0 RS DAL E
BB o RN T LB T OB TE S 0 2 SR SR E R A S X0

B ARERLFAFL od WP EE AP TG Bl PR ERY

dy
A p
$9%

4

4 AR AR TIEERRE > A D KRR Y ¥ UF IR MR
PR RS TR DEOPEME o d P BE APT

W RAfrd PHMERT R SRS PN ERRETIOETRE > A 2GR
80



R FOUF TR MR RS PRI e T EER L E

A

TN OB EIREZ T2 RERAT R B4 AR F e i

—

>

BEETr B LFEYHALALGEIFTAR? BT REr (LS

~

1
BHRRTE S FRE e Hicfr3 S T AL HLIFH™?,
AELHAGFEPAE R B2 bR RS FE Y FAR
P EF ARG a2 AR FREP AL LAFFIRET §REEY F D
PEAEH - LA P R SR BFARRRP TR RIS AT B
MG R AL BT SR B R A B T T 3o 0 2 K 2 B enBE B KM L

R4 A GEmEEIET B M G

2 1 FRBF RS ffgar\/j}z‘lﬁ*F""\? W 5

Jj—r:‘%.l_é“i-lgﬂ'z“ Fpa‘«“t{ir I’_—L ﬁ—;a,r‘%g ig@%‘fﬁi:ﬁtg‘fr%\j 3; ];\;:i%%ﬁ"i {@»};

BEBR P BT ATEIEFEI ﬁxwﬁﬂi CNEN R

s

KETRF 2 8mRE  APFIUTosh  FFFIRED R (¢
3 Ry a'rﬁ—fr’jﬁ,ﬁff@,ﬁp cf‘@) A #f Bl R B oo 3 AriE P de r‘@'fr
SN LS S T I I 5?']’)5 BEApM > Flprviah o B HESD B fe fs Bl 1T ¥

BERR R EE 0 R RS R T A

v

o~ & g{f\q

Rl

FEN ABHE AL FERPN  RIFE R RN F
FLEADRAPG  RBERFTHEMEEE LT IER LR g
FABE R E ARBYRFTHE 6 0 ARBER DA G I P ES F
e 4 PRI PR B AT RRETIOFTRE < 455
BA R E AR AR F Y I RN E DR e

81



:”; .

g FL 4p B

RN RN
=y

1

#AFL 5 4H

Met® od Ffoe 3 5 4 > B4l ia b -
PABAYF RIHER DY 3 R b R aMFFRE -
p=a

R & e ps ;i

LA B E R

R 4 8L AR FLE L N
b= " IR 7,*/‘44&»%‘3%;[#5]3&@ ~
RIRL R

i Ap b o 4 2 F f4p B
TR R AE TR R T IOEFF ApITE 0
AART o B R EAF R 2 X
F R RAPERF T A

RARMB T ey BRARBEFRF - ELE 3 R RAROTIEEFE - F 22
N

5T

&
F4apgowe it g v kFdF @
AR ARARPF AT £ R @ E PRIRERF

B 2
FE RIS e FROE RS T E ST R DM ko

iA kA ng“

- E’Fi«-pi;

’fﬂ%ﬂlﬁﬂ;’ijm%’;ﬁ » 1R GHE
- S

CHEEER

R AT
K 3 aiE R

WiER o EA LK
AP REEET TwwHigioadivr
AR El KRS - SN N

AT AR B LR A A A

SR R A

O ERY
A &AL BEPLFME
: ,

WA B F doAr e B4 4
7 EERTEEY X ATy g
R R FHR S AR
Bt ?}EJ:_F Ll ) i\my
PEY FREFE (R FHEPHY
L& A B PR A F sy
SHAMRE > AN RIEY X gy

eV el S o
PEE O HFFEAT R
FAOEY A R
ALK E &
B §
N R Yl gl e
rEE R

AR RE Y udF E ML
i

Tt ferck o
O e o

H Ao BT T 0 W

P ke gy ) o

0 4
>~
U A B

82

TREHPF T - ERA KPR
—;s*af_ﬁﬁﬁf_m;\ T R OREI AP ﬁig}’k T A



R A N LSRR I

THE P RPE L VR R E A

27
64 o s -
Fede RV LB fRF Y FORATEARRIFALS AR TRE ST
# Bl (electroencephalogram > f§ £ EEG) » ke s X Mo BT A %1 o § 5
Y E BV HAEMAR S R E R EEG Sre s LR g
o RS TR

IR LT BiEa - 0 fE

R RS ARG BAEOF L K R o

LR Y AR e

&3



$Eep

VoA

7 H(1994) KENQAKTLE 7+ F 5004951

% 23 o d& < AR (3#)(2005) ° Sternberg, R.J. (2003) ¥ - jair~ ¥ (Cognitive
Psychology) (3rd Edition) = 5 # # @ FEF -

FAF(1997) S L-E R NPERT - PEREEFPREETPERT -  KEPHEH
8 (Instructional Technology & Media), 33, 12-19

B A H(Q006) - MARF » A B MP-HIRRPBPEJERTIPORRL e ok
BT m B Hmst g o ot PR SRR F o

#5200 MRS FRAREHELHUF L RUEIRS SHEY $c2
BP W LA FFATEE S LG o ANK S P o

BF4(199) - M ~AY 2 FV FI2 o mEFR e W)L fre T4 5
KTEL L o AR 0

B Fdofo D B(1993) - Wb WY 2 F7 32 wteESGR - 25 %7 0 7
» 157 - 182 -

fo o d o~ 3 F N s B~ 5 AGH)(2001) » S.M.Glynn, R.H. Yeany& B.K.
Britton(1991) ¥ - P E ¥ = B (The Psychology of Learning Science) ©
SO SRR LA

BEAZ(2000) RBEFSFABREELE  RREBHBEAZEHLIFLE - S LR
MR R -

FALE PR BAriB o (1996) - RIF S HUKFAIRKIEV K EV i 2
W2 B BEKTE > 4(1) > 1-30 -

BT Efem A A(2003) c MR L éhlikc )l I ELMESTFILFAYE - h 3 40

PEARY L EPERT FIFE -

84



WL

Baddeley, A. D., & Hitch, G. J. (1974). Working memory. In G. A. Bower (Ed.),

Recent advances in learning and motivation, §, 47-90.

Baddeley, A. D. (2000) The episodic buffer: A new component of working memory?
Trends in Cognitive Sciences, 4(11), 417-423.

Baddeley, A. D. (2003). Working memory and language: An overview. Jorunal of
Communication Disorders, 36(3), 189-208.

Baddeley, A. D. (2003). Working memory: Looking back and looking forward. Nature
Reviews Neuroscience, 4(10), 829-839.

Cook, M. P., Carter, G., & Wiebe, E. N. (2006). Visual representations of DNA: A
comparison of salient features for experts and novices. Presented at the Annual
meeting of the National Association for Research in Science Teaching, San
Francisco, CA.

Chi, M. T. H. (2005). Common sense conceptions of emergent process. The Journal

of the Learning Science, 14, 161-199.

Christianson, R. G., & Fisher, K.M.(1999).Comparison of student learning about
diffusion and osmosis in constructivist and traditional classrooms. INT. J. SCI.
EDUC.,21(6), 687— 698.

Chi, M. T. H,, Slotta, J. D., & deLecuw, N. (1994). From things to processes: A theory of
conceptual change for learning science concepts. Learning and instruction, 4, 27-43.

Chinn, C. A., & Brewer, W. F. (1993). The role of anomalous data in knowledge acquisition:
A theoretical framework and implications for science instruction. Review of
Educational Research, 63, 1-49.

Chandler, P., & Sweller, J. (1991). Cognitive Load Theory and The Format of
Instruction, Cognitive and Instruction, 8,293-332.

Chi, M. T. H., Glaser R., and Farr, M. J. (1988).The nature of expertise. Hillsdale,

NJ: Erlbaum.
Carey, S. (1986). Cognitive science and science education. American Psychologist, 1, 1123—

1130.
Findlay, J. M., & Gilchrist, 1. D. (2003). Active vision: The psychology of looking

and seeing. New York: Oxford University Press.

Friedler, Y., Amir, R., & Tamir, P. (1987). High school students’ difficulties in understanding
85



osmosis. International Journal of Science Education, 9 (5), 541-551.

Friedler, Y., Amir, R., & Tamir, P. (1985). Identifying students’ difficulties in understanding
concepts pertaining to cell water relations: An exploratory study. Paper presented at
the annual meeting of the National Association for Re-search in Science Teaching,
French Lick Spring, IN.

Fisher,K.M. (1985). A Misconception in Biology - A mino Acids and Translation.

Journal of Research in Science Teaching, 122 ,1.

Guan,Y.H. (2003).The effects of multimedia presentations on information processing:
Eye-movement analyses of text and picture integration in a multimedia-based
learning scenario. Doctoral thesis.

Guan, Y.H. (2006).The effects of multimedia presentations on the learning efficiency
of assembly instructions. ED-MEDIA 2006, 2541-2547.

Hughes, A., Wilkens, T., Wildemuth, B. M., & Marchionni, G. (2003). Text or pictures? An
eyetracking study of how people view digital video surrogates. Image and Video

Retrieval, Proceedings Lecture Notes in Computer Science. Retrieved April 23, 2006,

form http://www.open-video.org/papers/hughes civr _2003.pdf

Hoffman, J. E., Subramaniam, B. (1995). The role of visual attention in saccadic eye
movements. Perception and psychophysics, 57(6), 787-795.

Just, M. A., & Carpenter, P. A. (1992). A capacity theory of comprehension: Individual
differences in working memory. Psychological Review, 99(1), 122-149.

Johnson-Laird P. N. (1983). Mental models.Cambridge, MA: Harvard University Press.

Lang, A., Zhou, S., Schwartz, N., Bolls, P., & Potter, R. (2000). The effects of edits on
arousal, attention and memory for television messages: When an edit is an edit? Can an

edit be too much? Journal of Broadcasting and Electronic Media, 44(1), 94-1009.

Lawson, A. E. (1988). The acquisition of biological knowledge during childhood: Cognitive
conflict or Tabula Rasa. Journal of Research in Science Teaching, 25, 185-199.
McKendree, J., Small, C., Stenning, K., & Conlon, T. (2002). The Role of Representation in

Teaching and Learning Critical Thinking.Educational Review, 54 (1), 57-67.

Mayer,R.E., & Moreno, R. (2003). Nine ways to reduce cognitive load in multimedia
learning. Educational Psychologist, 38(1), 43-52.
Mayer,R.E. (2001). Multimedia Learning. Cambridge, United Kingdom: Cambridge
University Press.
Moreno, R., & Mayer, R. E.(2000). A learner-centered approach to multimedia explanations:
86



deriving instructional design principles from cognitive theory. Interactive Multimedia

Electronic Journal of Computer-Enhanced Learning.

http://imej.wfu.edu/articles/2000/2/05/index.asp#4.1.
Moreno, R ., & Mayer, R. E. (1999). Cognitive prnciples of multimedia

learning : The role of modality and contiguity, Journal of Educational

Psychology, 91(2), 358-368.

Mayer, R.E. (1999). Designing instruction for constructivist learning. In C.M.
Reigeluth (Ed.), Instructional-design theories and models, 2, 141-159.

Marcus, N., Cooper, M., & Sweller, J. (1996). Understanding Instructions, Journal of
Educational Psychology, 88(1), 49-63.

Marek, E. A., Cowan, C. C., & Cavallo, A. M.L. (1994). Students’ misconceptions about

diffu-sion: how can they be eliminated? The American Biology Teacher, 56(2), 74-77

Mayer, R. E., & Sims, V. K. (1994). For whom is a picture worth a thousand
words? Extensions of a dual-coding theory of multimedia learning.
Journal of Educational Psychology, 86(3), 389-401.

Mayer, R. E., & Gallini, J. K. (1990). When is an illustration worth ten thousand
words? Journal of Educational Psychology, 82(4), 715-726.

Odom, A. L., & Kelly, P. V. (2001). Integrating concept mapping and the learning cycle to
teach diffusion and osmosis coneepts to high school biology students, Science
Education, 85, 615-635.

Odom, A. L., & Barrow, L. H. (1995). Development and application of a two-tier diagnostic t

est measuring college biology students understanding of diffusion and osmosis after a

course of instruction. Journal of Research in Science Teaching, 32(1), 45-61.

Perner, J. (1991). Understanding the representational mind, 15-124.Cambridge, MA: MIT
Press.

Paivio, A. (1986). Mental Representation: A dual coding approach. New York: Oxford
University Press.

She, H.C. (2004a). Fostering radical conceptual change through dual-situated
learning model. Journal of research in science teaching, 41(2), 142-164.

She, H.C. (2004b). Facilitating changes in ninth grade students’ understanding of dissolution
and diffusion through DSLM instruction. Research in science education, 34, 503-525.

She, H.C. (2003). DSLM instructional approach to conceptual change involving

thermal expansion. Research in Science and Technological Education, 21(1),

87



43-54.

She, H.C. (2002). Concepts of a higher hierarchical level require more dual situated
learning events for conceptual change: a study of air pressure and buoyancy.
International journal of science education, 24(9), 981-996.

Sanger, M.J., Brecheisen, D. M., & Hynek, B. M. (2001). Can computer animations affect
college biology students’ conceptions about diffusion and osmosis? American Biology
Teacher, 63 (2), 104-109.

Sweller, J. (1988). Cognitive load during problem solving : Effects on learning, Cognitive
Science, 12, 257-285.

Sweller, J., Van Merri&euml;nboer, J. J. G.., & Paas, F. W. C. (1998). Cognitive architecture
and instructional design. Educational Psychology Review, 10(3), 251-296.

Stepans, J. I. (1991). Developmental patterns in students' understanding of physics concepts.
In S.M. Glynn, R. H. Yeany & B. K. Britton (Eds.), The Psychology of Learning
Science. Mahwah, New Jersey: Lawence Erlbaum Associates, 89-115.

Fodor, J. A. (1998). Concepts. Oxtord: Oxford University Press.

Treagust, D.F. (1995). The development and use of diagnostic instruments to
evaluate students’ misconceptions in science. /nternational Journal of Science
Education, 10, 159-169.

Thagard, P. (1992). Conceptual Revolutions. Princeton, NJ: Princeton University Press.

Vosniadou, S., & Brewer, W. F. (1994). Mental models of theday/night cycle. Cognitive

Science, 18, 123-183.
Zuckerman, J. T. (1998). Representations of an osmosis problem. American Biology Teacher,

60 (1), 27-30.

38



R ehid & Ao
[woed] NEFW R20+ 3

- e PAfriR BT PR M

FENZREFR  S-MR)- PEALLH

(

)laBRY - BBP ORI - I A XAk ¢»a;&*neam'ﬁ
IAFHER  FIV-RRR BB ERRINISI IR LG
MiE2?

(Q#F4cE* (b)FBFE* (c)kfrR A2 F it B F K (d)E 4 T

)1b. G éhmd £ PR 7

(wﬂéir“zi Pl iTr feB BT g g L (b)ies w3
FERFR® (O)FFHA {3 PaE LR EMAIE- BRESH
Y - BB

) 2a. A dciE chif8 P+ BB L7
(B ERAMER ()MERALFTER (0)iXF R > 7B ERES I
MOER o4 F O MER BB kR

)2b.Behmd XHAART?
(@ﬂﬁ%i*&ﬂ%ﬁ—%Eﬁ’?UWt4§ﬁéﬂi@H?%ﬁiﬁ(m

BERFRORIRT L EFIL T RE (ORT ¢

tE U Aiﬁmﬂ’#+ﬁ%iﬁﬁ(@ak&&%mﬂ4ﬁﬁﬁ**
B

)3a. FREFEWBRDOERRS > Kk ?
(@) 4 L 5k (D)H e L 7 nf FH (01 ¥t

)3b.Behmd XART?
()i F & 5k PIARMARH S - RAEAHS (D)F 5 k1R R
FHFEE > BRTERZRDERQOF FHARDERLLE > 7 §

P EFEEBAFEERRT BT HARAES  RRAS

Jda. BRF - BBP T I - WIPARRBV R ERRRLNR T RN
FIPFHER B V-RPR > BBEB LIRS chi R e L6
HrERagNes ?

A

89



(a)e Eia b Fd (b)BF T i EH ()1 ¥t

( )4b. Behdd L A7
(QFB7 FLAFDZFS ook RH LI PRESF > FERZET 7
P2 ¢ (D)hek AHAT B ER > 27 AHBZEAKRLY B
B (R AL+ A - F aiEd ()Rl ok LAWK A R4
Bk F B o

( )5 BRIIBTIF AFFBE » AFfBEPERRPr kL » 2 A
WEARI2ZC BEARIISTr PP r- L FRIRMN BB &
R ERE RS AT BEIBR AR RN ?
(a)A¥ (b)BH#f (c)FF P

( )5b. Behmd LER?
(A)F B g AHLF (DRAALF 5 EHBE K
(C)MiE g4t A +3EH ()R 6 TS FEH

( )6a. RTWMY (M-)> AP E kM) f-BE(RF k) 54— BXK
BoRXYWRRBRILTE > RGBS D Ak g - Bipeh

ke ? A B
()% (b)™ (c)- # % < 3
4 | K
feok !
pd
w
(W-)

( )6b. Behmd LA ?
(a)°k § J8 B BB RAHFIMEZ R (b)keha FERAE W L (c)kd
MER®BERER

( )7a. &7 WY (M=) - BL L AR LehiEF o » LN ¥kt

259k RO PokY o RV Wbk § ?
() = OF ] ()% |7 %

90



(

(

5“..
T
ﬂ'{)\
R

i — () Nt

(M=)
) 7b. G éhkd X FA?

()% ¢ i& > fmre ko ie @ gk (b)k € AR e B & Flwmre ¢h cng B

(e 3 mee k> Bied 4 > ks 3 422 (SR Kwmzdt > 3 ¢

BB mre iR e

)8a. &F MY (M=) > BERASRKL

@F & D) ()% = T —
10% 1596
5 .
J\a’i/‘i ki i
|
|

)8b. B ehd X HA T
(a) kA Moy FLERFE (D)FERLHDEPF DL L (o) LIS
R MGER () RAMR RS R
) 9a. #} 3o ¥ hseve WCAS R D
()L F 0 (b)F W (c) F ¥ 2t
)9b. B ehmd PR T?
(7 ~FTF HFELE (D) VR T o A - B AR
(C)im™e W o3 #1 4 ¥ 4 4 il i
) 10a.4 %] %-— jF o &R W-KF 210X W-Ef30 X WkY > BRRNL LS
BRR Wk IR EFRE?
(a) 10% #&-k(b) 30 % #&-k(c)- B
) 10b. G éhmd £ H R 7
(a) 30 % #E-K U hy BT B E (b) 10% #E-k v b chy Bl

91



#E (CO)FRBRERRLF MG (DFZ 308 BKERASE > 1] fok

kR RAF R
)1la, e R FWBRE ?

()% &7 (b)FR AL (c)iwd J sk
) 11b. G ehmd &+ A ?

- (DB EBRNDBFEE N L FRp
)12a. K RHR SWehIA R Ak % ?

(@F F 1 %pe B4 kek (D)BF 250ent ¢ B4 Kek(o)h Kok
R R
) 12b. G éhmd PR 7
(a)% -k i& {7 Fac e
) 13a. Rk R 109¢ -k ik RI0%Gerip-kY » Ede—- FRMN M ?

(a) % Al 23 47 4k cngficad & — 4515 (b)) Al 21026 ek i cid & -

(©F kit 7 it £ 5

(b)4 ok i 7 % 35 (e

(C) Al 23096 ek i 5 fup

) 13b. G ehmd £+ A7
(a)* % e B R A A A B (D) R ¥4 | FhdcaE F R

—+ 5 93
S

(b B & A H
)lda. THRKFF o ek n- KAWL I LE?

(a) 3 (b) % % (o) W &
) 14b.§éhd X F A 7
vb o2k

(a)* &% (b)B M (o)1 by

( )15 wTWE %7 aFP kIR > B-REMS > § ?

OEE RO ENOLE a4

92



) 15b. G ¢hmd LB A7
(A~ F & FFHIE? by kA FRFEFZREEY (OB, FTEFFEE?
(d)k &+ &7 Fpacie
) 16a. P#cie® - L IR F LAN?
(a)- =& 35 (b)? - =
) 16b. G chid £+ A ?
()3 F3 %G LEWRE - R FFITEY (D)FRAITT? - dg 4 3R kK
EHe AMkR - LFEXEW (BB T fodficivr MF & 25
e
)17a. ek BT KWBR > 50§ 2
()% & (b)#RaL (c)4F R ik
) 17b. G chd £+ A ?
(a)fz e IR P PR A 3 38 0 MR A R Y (D) MR R R AR A F B N o IR
()M 3EB R o Thde * H F
)18a. L2 MW RWPR AR § 7
()% &5 (b)FkAL ()35 f
) 18b. G chid £ A ?
(@d P kRIS E 2 LR (b)) F P hd A fr R R R
A (O)ih ek AT EER R kA S - %
)19a. - FRRS Pk PERFUTHBIEr ?
()i AT (D) FHEEY (O)rF 1 §EFELMA
i R T gE (d)A T Bk 3
) 19b. G chid £ A ?
(a)»’ﬁ ERRE DI AE gl (0FFITH REI EEL (D
G E-FRAELES
)20a. kRIBMPcHI Tk o M ?
()i P - %% (b)BA- %7 (o)t ¥t
) 20b. G chid £ A ?
(QkEAF B ToBR2PpHZENF OKRIEF  HR T2 E4H
Fo(o)kEAR »dpia® g £4p

93



Wik= Wi N W2

Sote Wi feR S Y LA VIRL &

© [P P MACIE » X2 B0

A R

me

‘v\‘;’w\rﬁ EREEH e KRR ® B IR R EPFICEY o
3}7% -‘Qﬂb& °

Eid I‘F'*J' FERABCERBR) i o

- AFTKEBERRRES» MER R DI L

2 Wphcitr 3R EALBGERADA) e

3~z P B ER A e {xF?gi’liA\ﬂr

4~ 1 B b+

ok |k |k |

Y

=

@ 2P BBicr » £ ¢ I

5

mL:
kT EERLE R FRHAICG A G T
(BB T L FATier ah- §h)

mgm?#i%$%~i%~ﬁ£~

IR

kT BEBRPUEEEG RS RS

AR L *”3—/[&1’4«/%7‘;:/;'/1341% /}Efi/pni’%%/{

3‘ RS R ki . A

4~ 1 BB F

1
1
1
1

Y

4

O HBEM-T s §F - FWER kB  RTRET FARPERGS
PHBIAME SR LHE B S BRSMEAY T R ehl ol W7
34

94




A B " a

me

HE A F BT HATITH
ﬁ’sffrﬁ:ﬂ: J\/pni-‘éf:’f} AT
wokEBIER > CKEHER

]\‘fﬁ&—:kﬂif’f:}}% B 1T 1
2“}#4\‘3’“; %/}Efili"z(«/}%&%{"af"I EE 1
3 e B %I%J*J\,/p\ e IE RN 1
4~ BkidRrbRisEdET G 1
5~ 1 g 4%%“, 1
L X 5

© HBIEM-~ » A M- FRRRWLF 0% k30 % Wok? > R
KEF PARPERELIHBAUBRE PRI RN LI AP o &
H2 Uk I B MBI Y %R e S WS 7

A @ 5

me
‘fﬁ:»@q 3+ 1E‘.f~r;}7§ TalIk

ek MK B 10% K P AT
Pk Rk B30% HE-K P g o

L a + 8 7 A 1
2~ Fik BROER B 10% AR ¢ G ATEOP( R B OE R 230% Ak 3R 1
o)

30 w30% EAMK B i 0% LAREK s Fema s | 1
PpAc v RELECE R

‘Lﬁ%-—lﬂ_‘,&%‘] 1

»A 4

O SHBEN-~ &b Ak v e r k(A3 31 LIIRLFLAD
RTRET AARGERGL IHBAYUBREBR2LEFAUENZA B
B MM Y % E R S WA 7

B

95



s iR

T
kAT BB S E RS (T

G- RPE S E Y kRS R

G- BPERBERR L B EER D e kB R

h

I~k 3B FLEWeiTRgiTs

2~ - BRPEFERSE Y kiR B
3 - BERFRBRERS ) FEERT G RIARE

4~ rd T R B

B | |

Y

O HBAURP R RRBR - PRBRABRB R LAURP LR E
GZMBRT EE L F AR ?

=R @

msE

Foamve b AdEER G UTE B R AR E R S AR e
ES N ES S YU TR E R C S S YR
,%u$bgdiﬁ%ﬁﬁﬁ%%ﬁKW%%:%aﬁmﬁkgﬁg
» ok AT h {Tgvl_;ﬁ_,énulgr’»iéf']iyéaﬁnzgai%’{
}if"E/p/lQ°

L~ % g n ok R AR $L 4G i

2~ MR R DR R AR E B

3‘@%1":""%”1‘} /}Egﬁgé”J\A\4”7iﬁ§;s(/T f (C s S T <2
kR AR R ZE%EAR

4~ o 3k BB ﬁ/%/li"lq/}%?tfllﬂ 1

T’i«_r?‘E/p /]Qt’ "I/}'ZP‘g5$,nE /EEZK 1

F_L

5~ 2 3k

6 ca T ABEBIRT A B
YRR 1

96



	Microsoft Word - 國立交通大學 封面.pdf
	Microsoft Word - 書名頁.pdf
	Microsoft Word - 目錄與摘要.pdf
	Microsoft Word - 格瑜論文.pdf

