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Abstract

The purpose of this study was to investigate the effects of representation sequences,
spatial ability, and prior knowledge on students’ conceptual understandings of human
respiration. 130 seventh graders were assigned to two groups- SD group (with static
first, then dynamic), and DS group (with dynamic first, then static), 65 students in
each group. Data sources included spatial ability test, pre-test and post-test of
concepts, and semi-structured interviews with 16 students. No matter student who has
different spatial ability, prior knowledge, or in different groups, results of this study
showed that student has significant improvement after reading activities in the human
respiration topic. According to the two-way ANCOVA analysis of spatial ability and
representation sequences, students with high spatial ability in SD group performed
significantly better than those with high spatial ability in DS group on post-test of
concepts. However, the analysis also showed no difference on post-test scores
between students with low spatial ability in SD and DS groups. To synthesize the
results of quantitative and qualitative analyses, students with high spatial ability in DS
group tended to choose an answer including the word of “rib,” because they read
dynamic representations first, and were easily attracted by the obvious motion of ribs.
Additionally, DS group thought that the speed of dynamic representations was too fast,
but SD group did not. This result suggested that this perception may be caused to use

different representations’ sequence.

In summary, learning achievement will be greater if students are presented with
static representations before dynamic ones. The findings of this study can provide
suggestions to teachers and software designers on the design of computer-based

representations and offer implications for future research.

keyword: representations sequence ~ spatial ability ~ prior knowledge
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- B4 B A ¥k ae 5 E o Ainsworth (2006) #% 0 N fE & g > ¥ ik
EEMHREFLBGEFT A8 407 9757 ¢

B o e F s (the sensory channel of the representation )

B 2 #7538 (the modality of the representations )

B L pcendE A (the type of representation )

B 3 %k =x (the level of abstraction )

B L i (the specificity of representations )

B i en# & & (integrated presentations of representations )

B % 2 3 & fic (whether representations are static or dynamic )

B @& (dimensionality)
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42-2-1 5 £ 4 g

¥ 3 = 373

%3 —< 53 (Verbal-textual)

#% %%, (Mathematical ) B 84+ (symbolic object)
B 352 ; (formula)s 4o & #0 -
> A5
B <~ < B (arrow diagram)
B 5 F#cHE & (setsof ordered

pairs )

A — B % (Visual-graphical ) B B #% (graphs)
B &5 (icons) Bl7w /Bl
B 4p 5 (pictures)
B 428 (process diagrams)
n 2 T#g] (' structure diagrams )
B % (tables)

B =4 & (gestures)

5 iT — 3% iT (Actional-operational) M #-%] (physical models)
B § 4+ (demonstrations)
B & < 5% (hands-on activities )

B § % (experiments)

1345 Ainsworth (2006) #% ) ™~ f8 4 fcdd b @ o je & fieeng F i ~ &
HEA] e A 0 AL A ez B 22 Tsui (2003) 4 AR — ¢ 3 L

£ WA AR WY 2 3 B HEES P BT B2 BEE
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B AR KT dok 2-22 #FF o

% 2-2-2 AR end g A A 8

ER ik Rl 5 -

B e S v
EFay K v v v
®F < F v v

A — B e v v

15 2 3 i # v v
L # i v v

Bl s AN A WA FoREE 5 FOORARE G R
il AREFRSY O RPEAERTARAY AT RENREZ - 0 TR FAE
(1996b) (3 % % 1996)(:F % % 1996)(zF % % 1996) AL Levin (1982) &
Hegarty f= Just (1989) #& 11 B2 72 F cws iy -

B EA,F AT LY F AR R A g o

W FA)F 075 v Fhd ket o

R FER F AL NBHEM SRR R FONLIHR

IR Uj‘ggi){” dhy B AR b m:}i’}fr ’

-

W ORAGT AR F A E T RPEA E g R
W< F LR ﬁgéga.]‘ﬁﬁqﬁ Woo

I R A ) i ali=al -
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BEZRE H B2 F 5 3F 5 RE ApEtany 33 KA A2 FY FELOK
o4 P F 4e 2 F et daip 122 > £ Mayer (1994) e 3 % BT 0 F
FEYHALRESRT] LFi a2 Rl 3ol (51p Lewalter
2003); - B F R BERPERF RV F A 2 2 HRfoR f MR
B o AR PRI EF LR EZF NI TR B LER

(Lewalter » 2003) - Tversky ~ Morrison £? Betrancourt (2002) # d:4p 2 & B
(congruence principle) 45 &+ F 7 M APEFER & Fl R ERFE > R FY —*‘ L
FREIEFETP A g N R BT L ﬁi?%%ﬁ(ﬂﬁ&i&’
2007); B0 % isTE BB B EH R B A e 3 HEY kB0 @ B LA
BEEA RS D PRI B EAMTEIRIUL PN R g B LA
¢ (Ainsworth & VanlLabeke, 2004 ) > 1335 5% > AR F ad LA i B H 8 FE
F 0 B A MG Bl eZ 2 F o Ainsworth ¥ VanLabeke (2004 ) & J5PF[F g & 3

# 65 % B8 5 2 BT

=

FF i 4 (time persistent representation > T-P) @ £ 3L 413 > - B @i pF
Renbd 2 Pl T ™ 22 T2 w | cnliciE » 5 PR e s o gt 47 )
chbe fi F R TR A O FE- 2 RN R A R Ak 0 TRAOEREE
FRERR D AH o U HHER L6 (0B 2-2-2 27w ) i duB AR IR
gk FoT 0 BER A IRy iEiE+§ﬁﬂjﬂﬂj§ *ETE B R - Fa'ﬁrﬁj‘ﬁ
ERFEDOTI BRI R 3 g R S RATF 0 2 € R R L BT
ALRH S R EE S L 6] ARG TR R E L $E o P
R el 4v o i SB[ 3p i@ b B o pERF B 7 B (time-series graph) T 5
T-P & jk & Al Bk Al e £ 2 - o

2. PR @ (time implicit representation » T-1) @ T-1 » & &g P& ¥ 22 S e efd

PXN

ot Al B G A BB R e M LR R R G R
PR ORI ) PRI RS RvE G e Y SR o d i e g 3 8
FoaB R A RA B FL T ] A PR T UL 7 A
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F 5 4@ 2-2-3 5 5] 0 E -

3. H - p¥’ (time singular representation > T-S) : T-S

22 a2 B R T HEMT R o

AR ER- B ERE A 2B RO E T AL €43

0P i KO3

M TR FERS S AR 2-2-4 27 0 R el B

S LBECHEN PR SR oo

B Y "ﬁ%’ﬁﬁ T8 2w T | RDE

TS

R G AT TR e

SAREY F 1A

SRR S R EE LIRS < S i BN ELr s SR a0

PR 1 s L

T-S Al o TPt T-P 3

B e i AR B B AR B

hod AP HEY

2008) Fpt hATE 1 E P i VO Y

R AR S T-l $gAlend e e Tl S A& 2 S TP

RRESYEEIOTARAE S TP

5

AT LIS

- BREETEOR-B

&—’*

»_I_ﬁrﬁ"__ Jrvl.rbhﬁtsﬁm?%%,:’_’(
%;ﬁlﬁrb ) i
I‘l‘:t;!}; ’ :\J?”i%

B

A Tl = 2

S Aa E RV F RV R

~( Holzinger: Kickmeier-Rust & Albert

% T-S

Rotation of Rectangle 1 Hotation of Rectangle 1
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WE ot e B
e o B

2 (C)

[:9
2}

fiid
b2

Bl 2-2-3 3 58 B2 W %

Bl 2-2-4 A R B R TR 2§ DR

T kR - http://video.about.com/heartdisease/How-the-Heart-Functions.htm

oo THERRR TS ) engifd it L A STER]h Lowe (2003) 4% ide e

=

Gugdls ¥ r RS FHLoH SN BFTF AR ORI R AR

R - R

1. 2;% (Formchanges) 4 &8 BIF)ehgpd ~ < ] A5 ke % 5 x L T i
( Transformations ) ©

2. =# (Position changes )’ pE BRI R X #-T #F (Translations )

3. H% (Inclusion changes) » Ry R AR IR X Mg
( Transitions ) °

AEF DA S E R R 0 A M A SR AR Y R T T

P

m

Pz f N e ikgp et R %2 (2003) FIZ A (Park & Gittelman > 1992 ;
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Park » 1998) a7y » ¥ Harh F A KE P i L d B () R3S
VE TRy ¥ chds 5 (b ) £ # g it £ 5 # (T motion )\ #1( trajectory )
D (c)i AT PP E R G e kiR & B s 3 enm i o

MG A S T AR B R o IR L B R R K TR e fi A
BoFgrmp b d ERApREnE Y HRBAN=F2 4 3327F {i&-

# gy i -

EROPN F R AFSEEA B AR F G PR TR L Ft
—‘JE{E‘E 3918 E H 18 e (Tversky & Morrison, 2002 ) 5 @ # 8§ e1[g) & 82 2 3 4430 8
) Bifenz B > 3 dods F il b ne 54 E F (742 (Lewalter » 2003) » & 3
R FLRLAME (M B ~23) & i (b dd ~FF ) R
WE AP RGO LA BEYET MR R R AT O A M Bl

*HcBr > 3 Lo pkeniE L Bk

|
s
=

WV LT ARAT R g];g\"’ uﬁm%‘f 3-%2-5-
W FaRfR e bR A EFFTEFF OAIHKIFFTIRS LR T 2
egr > Fet gz Bt o2 T3] 2 Mg B P SR 25 H

fgre Famu g 2 Wit B2 Tma T, wipmeie

i Rl o

TH R At R RP R LN (et e 3 B BlE

sl
EH‘“

A AP B RS (o BB TR TR B

N

P

SED 52

bo

BEREE)RERFTR(EH=F L 2005) FEfFRT P4 R 7 1244 Schnotz

fo Lowe (2003) #3435 M enz &4 5 = fa47) °

Pl
=

1 Rk —Baags @ 287 d 0% iR ES N
2. FER T AN AT REYF R RREAET R
3. BREE T —RER S B RE RS SRR
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AET Y DA 2 F B RE RS e wF LR RSP
Kychd Ra 3 B S KRE - Saieipy i B9 B R g
RELAEFLP c MBS RERER- B2yt T EER) P D
MR A RERFFRA SRR b L e KT A R
FEpozlpgss g THERRZ & TERAE -TERRE 74 LF

PR T R e R g S G eIt g 7 G i enis
oo n TERRE PG ARFPRAERT P o “TNEER - 5 25
A PRARENR DS B F LR FRRETHAME (Eysenck & Keane >
2000/2003 » 43-46) ; & FpEip * P F TS (do i F L —FF) > B F R

S EER g (e R — R i)

datigr RN v e E T2 A A EB oKL S v AR pE
Tk g ldoh o R ap g U Fngpd 2 o ATenig fpiee AR S
FEH G NAEEATR XY ALY > GRPF 2l BEer [H
R E ) NN Mo L5 T2D Wiy (4oB 2-2-5 #77 )5 £ #— B
BFE AR E- F AR ML R T DB e KA 2D
B T 2 RSl g T 2R A § Rt a0 § Rl ey 2
ARG R R eniv L F B D 3D chk T 3D AR L AT EF = B AEMIX -
YoZo RESERAR Ao W B G2 Wt 2 (4oB) 2-2-5 97 )
A E AR RS FIFR A ErERRY 23D B
S RNBRTHERILG Y A kiR o B S EF o &t g deh 3D

)
il BRBERPOER R AMEZRE TR QTS 3D B F (Ref

™"

2008)°ﬁﬁ€;’2Dﬁvim'§’tif\ RERIPEAE AT g

HApS B2 BB ta o A D)7 25 (3D) P :B7 104 b SR TR

s

S S A AR B (31 A &2 X > 2005 pp.5-6)



23D EEGFYL T EHEY AP AR BER A F 2
BHME AR ERTOGHEMN G iR 3IDFFREIR KL F
VY HUPREDAME A -

Y = i
» X - B
(A-1) (A-2)
Y
A
» X
(B-1) Z (B-2)

B 2-2-5 2D ¥ 3D B (T2 § b

FZE 5 EAMORAEBER

FE A KR LR RS SR B R L S AL A
LR SIS

¥
>
AN

il
H}

MR S URMATA kenw i maleE S B R K
BrFE BT Re AL BFASR EHNE L FY B {10 KA p o
A EGH B ORE RS R G REY H- PR AR e 3k
KEMA B o RA K L 5enig 2 Lr i SR B2 chii
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HeA558 5 R m e & 55(2003 ) 72 p 1985 1 2000 & fF > £ L = Ay g

i

o+

HeH- e (23 B FEAH) TV REAFBARERDE ST
ORIy LG - Lo BT A A A E BT A EREE

Bl S4B Y P k0 B R F

b
s
P
13
o

FrREds A @ gy ngkc’u;

PAIIE TAROR R it o d MR BEERS LM T ATV HR
# B Y f ¥ F18t Ainsworth (2006) # 41 T4e% 72 €4 975 i el pF R
g B (sequence) #-¢ AT P it gz - o (F 185) A
Pzﬁ@m RS A sdimiRi 2 F RO P AL DR Y B S g ks T
BicF 3w £ AT MERFWEY G208 o2 Fit A 8 A >
PAHRE YA BA T E A (Verdi 3 4 > 1997 )5 "B R 4L E e
oo R ERE R A (Aed F AR S 2 BB IR T 0 R R B #F

BT GRAL T M 3 S R e A

FAL R ek R o o AR E R R 0 L & T B IR T R
TAMpES A7 R el § 3 Feanfril s #a s T RIE Y F e
PEA 0% (5 7 dv % Pl & #ck 8 B 0 58 (Schnotz & Bannert, 2003 ) o ™ 7]
% Ainsworth (1999) #73% d1 ¢ % & 4 feehizd 5y > 4c[B) 2-3-1 ¢

1. 4 v end & (complementaryroles): & * % Ip ehdk ficw 123 3| 3 48 chig gk o

IHF T o AT & —‘ﬁ H 4% o 3 4 F 3 (complementary information) 4 &

>

1

A A KPR 2T 4P % (different information ) & % i» % 4p &

o
=
-l

(shared information) = & - @ 3 4 #4% (complementary processes) | &7 f&
RAhd e BV 40 RO 28 B o RiEAe TR & B & i ohF A Ap
o W R AR RO FE G R S W T g oY
Pede@ kg ; 2 ED IR ER & LA RDR T Z

B #w% X2 (individual differences): <X 3B A FH4F ~ w4 (403
Fac 4 ) e Bt ardk o7 koo
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B T (task): 23| - BE¥Pch > P o XHBiEF g ¥ -
%\»4’{;:)7&? fRA-Ar3 T TR BEFBAMKR I A L o
B {v% (strategy): f&AR 383 F 3B R 7 EEH > 7 bl s fg4d &
T
2. "TFf%# (constrain interpretation ) : ipd - A4 Y - %ﬁ“xb’%&ﬁ SEE
LR e T A 54 AR E L HTU4] (constrain by familiarity ) 224k N g e
*T4] (constrain by inherent properties ) = # :
B OARE R I R E R AR IR ERRP 2 R E R
Bro 2 J/EFTHFR o0 ERBERFL DR ko
B BRG] I BR A R g BRI
R R LA e T B ekig (31 p F A R 0 2007) 0
% - BHHES ¥ (ambiguous) # #x¥ 4 % - B P rx e (specific) # ot
4] o
3. i = Fk 12 f% (construct deeper understanding ) : %18 § & % fekif Pl
AF Uik @iz > v L Wk 5 4 % (abstraction) ~ 2£ ¥ (extension ) ~ B
(relations) = #& (3l p & 4 R > 2007) :
W B % NATHE L CRBASRLEER- BLRRNDER & LER
RPEL o ¥ iR (subtraction) s * %% (re-ontologisation) ~ £ %8
(reification) = f& = ;N |4 % v o
B R A B R AT TR T B 2 PR 0 2 H
I e
B ORGP EAM AR KERY ot A 2 BRH T4

24



$EARM

&34 5E

| l |

7.8 sk ELRE
| |

| | | l |
W s ERER HA RS mﬁﬁg % e fb 45
e P e &b ARunE  RH
£z

HBEEFH TEEH

Bl 2-3-1 Ainsworth (1999 » F 134) % & 4 e i 48 %)

195 Verdi § 4 (1997) e 7 B %87 1 F 5 £ A s B < 35 faps
AFRGERF Y FL LM NFY FRBETARF Y FE g BGVER S T
4 Ti‘fl'%z”'ﬁﬁ-ﬁ‘i a4 1 iveff (workingmemory) @ £ 3 I E Y o d pigiro
- BEMEAEA RN ELHOTR T OV RBF A ReH o ARt £ AR

PR ORRT A A2 Pk o

LR r%‘;‘—fgﬁﬂi SPIR 2 BB 3K 3 AFT F A O B o dek 2-3-1
Ao A G AFAR Y F AL B LEA (F A E )% Giunchiglia
v Walsh (1992 ) 3 d1 45 * 2 “,ﬁct 2im& B Y 3 N 5 B AN % s Ainsworth
(2006) & 45 d1 0t 4 % 10 7 § B4 PEE R R ILE o T AFT Y P R T
RN FRA LY i S (4o AR R E Y R ) AR
) B HREES T RA IS ERE > IR R R ERER RAF

_3__
o FY FEFRMOLT 7 B F ik p i REY » FH#
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Ainsworth #% 11 T A3 E & feor ) ) 2 IR R EAH R AE T P 0 B EN
REDF R A KFTermfz2 R E T L L ANT M - (8 5 Lowe (2003)

B f i o Lowe 3% @,gf_e}g IR s M E RS (T e

FTRS

PGl FpPiefyFa) Aol Nk v o B RmMLL
Pl dEend (T LM AF TR E S 2o BARARRS L HE Pa T -

BEE FINAFEYRALIRELD BH L e

Ba s FREG L EAGEREA B ARARE LA F LA (A
Bl ) Gl AR = B G IEL kg g AL F SRR NS
BV TR EY AR BWIP % (L E 5 2006) AAY

LB TEEE RS LR EONEE £ A B FE R LS o A
BRSSP RIZR R R B FHRY REP S T R
AFGERL G o B Ainsworth (1999) #& 41 AR g H o] ) 212

[E3: I o T S RN s g N R R L AR SUR RS g o
FEAGSMEIENS FE AR Ry REERAAE B RT ) LR
TREERFTA A # LI RFELRETY 07 - RET a1
g - B EFM o kgp AN AT A - BEES T
(ambiguous ) % #x¥ A % = B P Faeh (specific) & #c#r' 4] 5 & ehdk 0B &
s i 8 # A o B > Schnotz (2003) = 3 3 IR > @ * 7 3§ § chdk fic > ¥
BRAG TR RN R EREY RS LA FEL R o EL
A BFLGFL DR E Y TR A T R AR i

AL AR ERnE G A RABE G RER TR FEF LR oy p i

R IR ENR SR

Eh.
Ak
D>
3
¢
A=)
fui
)
N
7
hY8
)
=
3
|
He
‘D"
4o
Dy
*ﬂ

GR R B RAL AR TR e 2 VR IE e PR 1
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dAA e BB BN FARE vE WA LB & BAMOTA Y F 2

PII AT chs a o Wn b > BREREY F (T SRlEE) ¢ oAk

LA B AVE AT o R KT A AR hiE i Rt e i AT AR

ERESFARMEDHRT 3 R d oA > LF §BBE Y % H0 o

LF Yk 70z Bt AR AR BRI RPEL > AR EAHERT 0 F

PERLTL §F LR

4 2-3-1 AFE Y 20 R HOR R AT IR

F BB R T IR

dr e

B Giunchiglia f= Walsh (1992) — 4 %

i 5 A
FEOT L m Ainsworth (1999) — T4 B & % A 4] |
(#pe) =R

B Lowe (2003) —:n*wf =

T,
iy

—=\
%
=%

ol

7,
I

~=ie
NE
=2

=k

(R I

B AR —F Y EH ) RS %

B Ainsworth (1999) — Mt p A #7524

(i) LU

M Schnotz (2003) — <A Hc: #FR

(N T

[T FEaae

B &g
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¥ T 2004 5 TS0 2002) 0 AATE AR AR fRE Y F 3 a4
APEYV LR R FL A AN ER | ML TR 2R E P 3
2N e AERYFREY RN PE PR L - o AP A
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e T Agfer e cni@de | A @2 B8 fdR * Krajcik ~ Czerniak ¥ Berger
(2002) #ma it BABREER (£ 2-4-1) P en TEF P & Tims
Pavgs 0 XS EPBEY FHN R R FARL 22 gD it e
MNP REes o R BRAE o kIR A et ER | AR G

c).gg*g‘ \nqaiaé,f#\cic,, 1}}@]—“ s 1R ?g: ]v}rr-'f& 1\%4‘ ]v};r.«s;\ S %ﬁi

Rz BARaR » ok 2-4-2 977 o

2241 r AR AR B E TE

B PAMTE -2 AT MG RIZ s BH oA i
B AP —F o s BT T S B ehiv

SR 2@ il S A =7 2 v B 2 el
u T@aﬁ,uff'ff'fxa ﬁﬂq}‘ﬁ \‘p,?;pﬁ\" > ﬁ'*B e Rl AT

SN ARERERZ G LMA
w0 B

ﬁ_g;:ﬂ_l_gl S m,{ﬂm ,J,gt &«P—‘r r A Rl et vz 3F ﬁqJﬁ,\ﬁ VIR e .u’f“uﬁ{}
® AT C g porahd gk diind Fa et LR |0 AR

A

CEF TEA] (GFSEL 20020 B EE S SRY -~ FRP M 5 2004)
o rﬂé’ Hizfﬁfj y Bk AR & N % %%ﬁ%;ﬁ.ﬁﬂqé% N %E%g_":‘ BE géj gib%%}i ‘;’i”% i

(31 p B3R -2 RE-> 1999)

g3 mnE e S p Ty 5 AT s e AT kA (v et iF
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