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Achievement in Multimedia Courseware on Different Size
Mobile Devices - Using the Unit of “Earth in Space” in

Senior High School Earth Sciences Classes as an Example

Student: Ping-wen Sun Advisor: Dr. Deng-Jyi Chen

Degree Program of E-Learning
College of Science

National Chiao Tung University

Abstract

Information incorporating teaching has beeome the integral part of teaching. There are
many phenomena that traditional text-based courseware can not show concretely, and the
learning achievement of student is often ineffective. Using multimedia courseware can
make up the inadequacy of traditional text-based courseware. The current trend is that
students can learn multimedia courseware on mobile devices at anytime and anywhere.
However, which size of mobile devices is more suitable for m-learning? How many
elements of information are more suitable for learning on mobile devices with small screen?

This study is based on quasi-experimental method. The subjects of the experiment are
97 the 1% year high school students in Miaoli County, Taiwan. The learning subject is one
earth science lecture- The Earth in Space. And the method is to see students’ cognitive load
and learning achievement by different combinations of screen sizes and information

contents of multimedia courseware on mobile devices.
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Based on above motivation, we propose the following research purposes:

(1) To investigate the effects of different screen sizes and different information
contents on the cognitive load.

(2) To investigate the effects of different screen size and different information contents
on the learning achievement.

(3) To investigate the relationship of cognitive load and learning achievement on
different screen sizes and different information contents.

Based on the quantitative data analysis, we have the following findings:

(1) The 3.5-inch screen multimedia courseware with 4 information elements has
minimum cognitive load and the best learning achievement.

(2) Compared with 2.0-inch screen, multimedia courseware with 3.5-inch screen and
2.8-inch screen both have significantly better cognitive load and learning achievement.

(3) Compared with 2 information elements, multimedia courseware with 4 information
elements has much better cognitive load-and learning achievement.

(4) A high correlation between cogaitive load'and learning achievement exists in
different size mobile devices.

Above findings could provide good references for tutors to edit multimedia courseware

on mobile devices.

Key words: Multimedia, Cognitive Load, Mobile Devices
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E S 33;\‘9 %’y—j‘kjﬂm}? mq_Fﬁ/&.p 33/:? oo ¥ E 4

SR Y Sk B Rk

3 3k 12 (2005)

TERMKETRFNIL AR PRI RFEDEV RS R
B4 Ak NSRRI RN 4 > T F B R Y 4 RMk
F - FERE R g ek * e

3% FR(2005)

P REF PR ERE TR P AR YRR TR L P Y B 5
TRV FEYERENA T Ay TR R 2 RV F
TR, TG o kR L LR B EY gy

MU v (2006)

e s e m el ‘ﬁpég‘d— B TR L (T Y mé#}%
BrAHPLEEAMRRER UEAR REDE LN G 0 &

%mgﬁ;,;g_v_%? F— & A58 M2EF 2 pIsk kS LB HEF A %ﬁ:’

A RF AT
(2007)

K2 g EOFER PDA 5 FE N B chp R d BRPEAR K
o R AR M g AR R P TR g 2 RS R
RERFULARFELPDA 2 FBPE2 M KEHER £

¥ o

11




23w p TR

231 3n5f il B2 %R

Mivar f g7 (Cognitive Load) MR p *T 84 oA R 1 F 2 4 511 HAFE > L0 IT

ARARAR G o FH L TR ERHPE OB TR G S RS R EHEIRE L

BEEL 5 T FE 7 (mental workload) » 3 vzt 3 R iF L A~ 1 (R
BTl REAF L3y G ER P ERE I ETHRAF DA o SRR

(¥ 0 1996) -

1980 # & » B 37 & 214 § &7 8 Fosh Sweller(1998)4% 41 Minar f w32k |
(Cognitive Load Theory » CLT) » 4p N g F K HE ¥ v f i7 R R AT gE
BREF M G2 (8 KEFARFRE R S TREATZF ( RERKE AT
B —‘ﬁ ARLACFTRA R Hig 3N B3R B KF N ag(M B 0 2003) o E 3 Sweller
B BLESI N RT R B R A B RES KR

Pass {r Van Merrienboer(1994)4p i sswf im & - 8 5 » R ePiE g > ¢ 77 FI% & 3
(causal factors) % ;%1% & % (assessment factors) °

He »T 3 &2 % | 7wk i ZWF & F 0% 74/7k B 4 % (task / environment
characteristics ) » @ 4% Eir B4 ~AFiEAE ~ A HRRS kg CERE B
#6513 0 F Y F # 14 (subject characteristics) » ¢ 7 uAvay 4~ FRATR 0 A K A
L% HRfErRS  8Y —‘ﬁ B2 iZ j3¢n% 3 1% % (subject-task interactions) » 43 3% ~
B R g B

2 Tg 2% B e 77 < j7(mental load) ~ < % # (mental effort) 2 1 174
W.(performance) ¥ = B & % » H ¢ A m A FlEB SRR L R A4 FE
SHYAEFYFI L A ERNH N FRE S 1 FARILEY F iR

(Paas ~ Van Merrienboer » 1994) o
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EEM S s BT j%r’m;.if#h?] v 4o @] 3 Aot

Fh & Z BaR
|
(k) = r y
Ar j:;‘iﬁ;ll B i,—, fL
RN s %1 51
MR g ; v
: P
=
A 4 A 4
g ilﬂi ,iﬂz > a 3 z:‘}\' T l—

Bl 3srf jm = FlETE & % Bl
74 kR : (Paas ~ Van Merrienboer > 1994)

Sweller #7# 1} st e f j Bem 41 Adfzsoif 5 7 = 78 28 A B3k (Sweller ~ Van
Merrienboer ~ Paas > 1998 ; & A &> 2000 ;3 548> 2001 5 % F¢ > 2003) :
1. 1 iF3 (Working Memory) SE-EA_j S Len
AR ATV L cdRfe &R RIRD (PR L RFE S e
2R BRI R EYelh o 1 Tt B AT L
TR )7 B& % (elements) > e 5t B F 3 ivad2en> B3 2-4 B &
3021 R REITNETOFTEE FASL W (rehearsal )0 ¥ 20 #/4E
)" % (van Merrienboer ~ Sweller » 2005) o % & aJ2 e384, 8 4L A £ g FR =

AARI MG AT SRA AT E R eI ERETE Fle A2
LR aniamf de o FREY FEE -

2. £ ¥R (Long-Term Memory) # £ X3 % & ']

Eypged ThALnLn AN EPERTEFITBPNFDIE o B RE
WY B e oSk 0 2 AR R R R 0 A B AR
G SN T) R ok SRR SR Y IR e e ST
G R e BEFRE{oRR 0 T 1 E A
E NP R P

E=t
E
*‘*r

*
I

P, ro e
B 1 lFéc'fﬁmﬁ
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3.

e 2 N % 482 AH (Schema) &%) fk 3%
PR A RIS > v g B A H PlAEse o d ek S RSB
(schema construction) » 7= ¥ & [® 4§t (expertise) s B e 42 o F] 2 3F 7 (b % o)

FRAGUA XA > VU e & - BRI 7 R - BEH- P E =

F_

SRl RHOFT AR PR T LR E R Lot AT ha
iT2eff % 3 4L MR § 77 ch# 5t (van Merrienboer ~ Sweller » 2005)
AHCE (T #+ i (Schema Automation ) &K #0E Hene & iE AR

A A L T 0 B 3B 47 ] 2 (controlled processing) & p o it e dT
(automatic processing)i& {7 @ 2 4 A B G AN eI 0 B 3F S 1 iR
R R AABTERA BRI B RS D1 TR oo p B h
WLASLT KL R 0 F Y A A Y T R (F B
L EAROETp R > TS EF S L (PR T 0 e M (T

RMEL i AP FREHL LIRS {Fr dydL o
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2.3.2 sn4 f i g

Sweller(1998) /& Jx F K- ehpLEb k5 > 3 e v & 5 Z 87 > | o™ ¢
1. p A3+ f 7 (Intrinsic Cognitive Load) :
PR A Al (FleR Y BRI FRARE L RO R IKE

a—

fé’ﬁim;“%’iﬁ?’ ’ g é3 'ﬂsz]\ L_plu.f‘f'g /f'ffi'\“ o A ’éf_pluf‘f'g ma & j\ﬁ ?/I’HE%’

i)

N

,-F]%\gfss_-ﬁj\p,m,&}g,u;{ﬁ—‘ﬁ*ﬁ,ﬂr P R R B R H Rk
['{c‘}‘]l—La ;’_——][;AFI m_g;kﬁgl:b% gj’/;gl‘g
L o

Jagiie SR

P!
)

2. ¢t AiAef g7 (Extraneous Cognitive Load) :

AR FERMOERICERS NG M o 2 PRk EREERS S
g’ﬁl}’ﬁﬂ’f]‘ﬁﬂf’*’ﬁté&ﬁﬁ?ﬁﬁ°fﬁﬂ FTHRERF %‘Bﬁﬁ‘«;g‘smm;{;l’ai’ég;
FRFH TR AR G BEY F LA P UL TR e
BEEY P FAM TR

TR PN i g e PRy Gt AnAvf m R AR 0 ¥ o A AR
AER IF S ok gHE BRFT S MIRH SRS G
F_tenpe i+ (Sweller ~ Chandlers1994) -

3. 3 »xAr b fw (Germane Cognitive Load)

PRI FRP RERTHORF A A MEKEF ORI G TR
HERD o A8 3 LA F Y N ARz o B 4 R ATk ¢
NWEY FPf R AT B B H 2 e D MBS AT
DR TGEEERE L A F o
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VR R BT RS2

‘Q;ﬁ_g"]/ :&mﬂ’\’ ‘:\V.LF:\L f'ﬁ /{FI’E‘ (

F_L

WA o WA B A g iR oo (e

L

b bt fomRAE ) A 4B T

Bp T ] AB GdrBl 4 KERTF B ERM k2 R SR g

2

§oakinav o i@ A4 3 ke 0B ¥ sk i(Sweller > 2003) o

e o -
o f i U R S
TR AF

=

a4 oA

ARpRGRATR 4 (B R)

Bl 4 = fhaes f M )
‘}' kiR (f Ir%’/)g? X %‘3{ ’ 2008)

E: _: 1 i3 U‘I\%&fﬁ rﬂéﬁ? ) ’*'—rll = fé‘zurr'é’ ,{‘?I_LF'&Z}-\— fﬁdi

I-L/ﬁ =l ,ao»};ztf;;g—ngjﬂg ﬁw’fﬁ‘ﬁ E]% {j\mgﬁg_&k —"‘I;m#?,a@}]\ » Ho@ —

ﬁéFl\.}I‘:ﬂé /{\: ﬁirs ’ EI —F 1;5 ﬁé F,\;J\_["E‘ /{ N ?’LﬁLl’« ‘l{f’-‘;v ﬁép,\_}—r\f’é ,{‘; ‘:"K l,ﬁ,']rs ’ EIJI\A ?JRF_E’_
Fﬁtg 33 R (T o AT }{gﬁ }{ﬁjﬁ}_c’ }ﬂ‘%g JV}?E’,SEI

BT EE R ER A ED RS e o

I a3 M o
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233 3usr | FI R KRB
Sweller ff 4 14 3%4% § FRGLE 1Ay RN KEXF2ZRA & 7 P Boxp
L5z % ( Goal-Free Effect )~ 7+ ] 2% % ( Worked Example Effect )~ % = B 4% »& % ( Completion
Problem Effect) ~ 4 7/ & # % (Split-Attention Effect) ~ 75 ;% »x % ( Modality Effect ) ~
& 4F 7% (Redundancy Effect) ~ % i »t % ( Variability Effect)) (Sweller > 2004 ; & i 2£ »
2000 ; 1§+ » 2003) o 14T #gr kEE G AP K ] AT
1. - #»x% (Worked Example Effect )
A KEF Ak E T M AR i (procedure knowledge)® 0 E it & IR F e
Bl > BT A S R AR oA B R R 4 T e
b o e A o
2. %= R 4E2c% (Completion Problem Effect )

B GIREN B LR o T - A FY FR A oAt o - 3R F
IV N —‘Fk,’ﬁ FORLRRBEHF N > ¥ 2 e o W E G RN AR g
g o

3. &~ Hri R 4 »e%k (Split-Attention Effect)

FEVEC RN SENLTAERES A R EREY N F P okl
MWELEFRAS{NEE (MRl fer T 2R A B %E ) NREFERF 3 - K (4
Fdifedd SR AR M EEREY FF AL SHTI L A B4 T AT
B E Y ok

4. #4§»c% (Redundancy Effect)

FEVEIHI A R ERDTAR > Aok 0 - hE RS ATV 2
FaBd & LirkApl i U7 b2 N R PRI (W sifEfor ¢
PREDI) RlEF A T4k o S X B PFE O Bl IR ER
RBR I MY xSk c FREHFOFTAEE > AL nFAY > FY
€ BV L RUITATT NF 0 Aopt R € R deinde  hf g e

5. 353 2% (Modality Effect)
FFRCEER T RER R el R R A T

AL 2 B AP > Honk €00 B F K A BT ke o
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234 MR TwE FAAMAT

NS el W

B2 2R Sweller & X 325 > P AR f FRAZEERER R L3 Ay koLl
FPROPN AR FhD R o d PN ARSI FE R KM A E R T (E ey
O BRRAT AT R AR A AN T E T (Ayres > 2000) ©

Pollock ~ Chandler f= Sweller(2002) ¥ & &8 ¥ #w]4f fe e L pF > B X i § o0
TIOEA GRS P AT o R RHT O AEPTT R L - SRR R R LA B
PR ERE ERAOEEREAS  HR 2B LA AR B KPR o b
Gerjets ¥ 4 (2004)~ P €3 & A 1 chfe b 7 5 B Y F P ARl g o

a—

li‘_ |~ é—p:\.}fr’é /{\?

- N K

—_

d 3 ARl FAREd BY MRS fr R RS i a A B Y
R IR VB E R AR me- BERBRT

Mayer % * (2002) " z4r f fr g R mA T frd i R 532 % 5 AH &)
TR 5K E XK anT R Rl(Mayer v Moreno 0 2002) : % 4 & B (Multimedia
aids)in i * 2 0 frd F arc kA * 2 4 G kY7 2317 R P)(Contiguity aids)za 5
AR G feds b LS NI S S A R(Coherence aids)in 5 R © F % & v F o
B3 5 353k Bl(Modality aids)za & Mz Ffe= o v B NI Fauk4F  £4F0 %
(Redundancy aids);a s NI F 6 e W IR 6 s B HJoRP 2 Fank oo

=3 W 3ol T Lt RR] o S AR
S H e oA g

Sweller % 4 (1998)3% 5 % i* »cfis(variability effect) 8 3 4 § 234 f jaeh- B 5 »
BAT o RV BA BV H BB FIREORY PP RE A B OR ALK Bl > Hp et
Az 2 fog B o FEHEP AT REEART N i e P @S L A a2 g
VHAR > 2EVFHOTE T2V BB 22k (P A -
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2.35 g gl £

S AR T LS AR KBS AR ERAA ol B RRAA 2
B iRl € 7 2 > 4o 5 977 (Brunken ~ Plass ~ Leutner » 2003) » 1 pLitipl € £4p % 1 LIt
B dman R S E BLERIE £4p

1‘\2

WiEHETE ~ 4
+ ¥

PAT A R ] o BARRIE g R R

fk;fﬂ‘gﬁ)»/ﬂjﬁm 5~ F

kil

%
AERER st eRERRFERRE FEH 0 A FERRE

C = X

R P T

Evd

A R 2T
%5 F,\r"f'ﬁ /!F’/E ’E.—;’ ESA ZxL‘F"%\

% B

[F=s B
, pBUR S ade &
BNz AR s ATy 4
B TR R
= :—/?'J_?%_JZJC F;f ’éé’j ?J__
3 Xe 5

()4 » fMRI)

RIS SR B AR(1 17) 4 %k

7R ks (Brunken ~Plass ~ Leutner » 2003)

g BFE i Tod R E R EA # R REE

gii}i\lg}i\i&(&}il’ ,;P[Sﬁ,* I_‘g_g.g,']'

z‘]—,;.lj‘::

e p.\r"f'ﬁ e R g oo

» 2 L B9 % 27 {74 (Sweller ~ Van

(60 F BT f R S o -

Merrienboer ~ Paas > 1998) = g 1997 & 12§

ISP SV 13
484 gEL2en T 2 gygsE % | 5 A (Paas ~ Tuovinen ~ Tabbers ~ Van Gerven » 2003) e

AL PR ROFEE Y o FEEY FARDCHFY 4 PiEE
TEY HABIEE R L R TR EARR
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2.3.6 FTRE I3

Miller(1956)4p 1 1 %3z ff(working memory) e fr — PF R ¥ 1 % 3% = i3 F 8 B
(item) 2t ~ i% (element) > b ¢k » F] 5 1 (¥l ¥ * keglle éﬁ\q SOV RE F R

AT R PP ads - BAZBFAED c TP Al TR@AP2FHiLIiEr v

F_

Pae AP TR FRBE R ERE b EFAIL SR # K (Sweller ~ Van
Merrienboer ~ Paas > 1998) o

WO PRETRE AT EQ000) P F AR (R A SRR EE N
?ﬂiﬁiﬂ’%mﬁ?iﬁ%@”ﬁ?ﬂigﬁm%ﬁﬁ?ﬁﬁ;@%ﬁ@mn%m
BRFREFEREE S SHEY S BT B TREPS LSS S S HE Y dong

P 2 E5(2004) 7 TR AU R EEA A 470 ¢ - SF4 R AV E 3 (2008)4,
E
T

NFARE S H R A A Y R A RALASE 2 g A RAL
W ag o

Mayer(1999) 4+ 730 £ 18 % @l g2 BRTRE - LT > #F
MARER W - X ER > Gl g Y A o Mayer T3 2003 £ 3% 1) A B3¢k

e
(Segmentation effect)sa B » HEF N F L d| S feen | PR FCEI ML E ,‘{gu iz
AT MR S PR AT

THAF LM > Fledk 6 ST T B AT AL ERTEY
FEY R FTAEPTE KR - A DL P FHNTRERBLE Y - A
RF 2 PCHehx %> a pFd s P FFhER > LF NG 2@3s LAF]

LFAEE -
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P
¥ s

Miller(1956) | sl % &

B
3
+
)
=
T
o
=
p
=
T

fim
w\
=
P
- AN
4y

Mayer(1999) | 1 ie2cla % AJE Tl ehn 4 B R 0 BT AP 5 40 F e
T

ToORFTAALREARLER - A ]

Mayer(2003) | #& ) 4 2] »2 /& (Segmentation effect)sfif B » 12 12 f2 AR 21 B ACB f

Jr e v o BB N B A 2] = H R PRE > FURSE L E

T PR FAFRRR (RS ) EFRESLE RFE AT REREY

(2000) PP R BV F 6 HR DT R §F RE DT Y ok o

S EEQ001) | FREHRFCITFFNE THEFRE pHEYPF AT
ot 2o A e B8R AMFTAE DT > Lk
E SRR R EEY SRl B ek g TR S
TS YR R e Y ook AR e

25 #(2004) |y P AR NS pREES SRR s TAEZ BEFE T S

WL 2R RIRITEEERR 17 - 2 FR FEY BT
AR TR A SRAv g

HFTE(008) | EEE A N EROT AR ARG 4B - RE L 5L L E T

RE D % GEE A RR L = A A S R R
(2008) FY P ARALAILT 2 > @I RL DT Y Ak
FR&R: AP ER

j‘pf ’ d et QIEJTP_J'FWTW'I%‘ELE/’FW i&‘r—ﬁ\) ‘E_J r4 rﬁé’\xﬁ”fﬁﬁij fé'?’»

PE O Mt BRADES CCFABY AR - PR XPY SN FF
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31F g

AT R AT 7 #E 3 p % 78 (independent variable) ¥ ik % 38 (dependent variable)
R enbd % o 3% &9 %% (quasi-experimental method) » % & € "% M H s e+ 3 > BE

e Rl R ECET R ALl A SR T S L
3.1.1 R =& 2

AL RAET PRI FHRB LI L EFTTR . TR S RES TS AP
patlemy FUEA BE AR FEARIRFF A ZI AR TRER O
AEAFHAFY B2 TiRERTl A2 Y 2T o

LR R BEARIR S

: 7 4 :
> v h
% il
?ifzﬁéﬁii;lé»‘ o
| geple
[
[E;uj?’tg] [E’l;?{%]

! !

PRFEFEA/FAE
SRR O

v !

e i G = B
i BIR RS Y A el
| |

v
[ Bl ~ 47 ]

Bl 5 7 i A2 B
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312 B Ew

AP RET P ORI F & FFFFFEF 2 F 3 E (items of information) ¥ 5
AR A A P AL TEF A e TR o R L0
Blen TEY Kx ) 2 TRAvE 7 o AP k2 R TR 40T

l. p %35

WFF e

RFEELRECFTH NI PWREEIRI ET ATAIT (S B2 2009) 3 2009.2
37w P 71 4859 (LG ~ Motorola ~ Nokia ~ Sony Ericsson ~ Samsung )& 17 F # &

£ 100 fE B F F <] o A HRAoR 6 0

FH oA 2.0 e 10T 2.1 +4~3.0 v 3.0 %40 b
J\,J‘
g 229 188 9
EEE 2.0 4 2.8 v 3.5 v
100 § H : E
0 - i s
@60t | , i
pm — : | :
40 : : !
20 t H ! . :
0 ‘.—.‘|_|‘.—.‘|_|‘ Al el e

13 14 15 16 1.7 18 19 2 21 22 23 24 26 27 28 3 32 35 37
f’k r'l‘k'\
(8 5

B 6% 43 F < f g
HP o §E 420 T £ 229 B 5 2.1~3.054 £ 188 B > 301 £ 9

B Rp AL TR S FaRE A S S 2.0 0 Bt G 3504 2.0 742 3.5
2. T3aE 28 vt o AL FHE AP ETEZ A 2.0 2.8 3.5 -
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27 Fagy

E6-FAE4LAF

SN

WE2e

> F gt BRLA X -

it o

- ER S &S -

BAito(dé 3

% )

I TETTE

BLit; =

FoBRLS -

B o

3%%3 %EE] 7‘ T %;La/"l'ﬁ'{

kpRIE2Z S ,EH;Z'%T?&T%: Y

drk 8 AT o

% 8 KM

LR FFE L2 FRis gl
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3. il
(DIEFHPER T 405 B Y+ %822 10 A SBaiplRnm 30 2 85 Sz g 2
10 A 4B erfs il o — ¥ - 4kt S0 A48 5 B & o
(I 7 PG BV F TR OGN 05 TR g TR RORG -
(3)d *¢ % ipl S I BT - 0 iR RGN dHr TRHOR R
#

PEFSREFFTR - FHRTR BRI EFT R

e

3= - B iz 72250 S0 B = (o5 [5¢

g o 4oB) 1] e

- [= x|

i & WL
Wb LEHEE - DRSO

§ B @ FuE 00 -

Bl 17 %5?‘}’%5%5‘%&%%%}
(4)'&‘-"%} 12 » l——?{‘hl F"T“&r'rﬁ:):" 'l}-;r ’ ;"aﬂg ;}% T 4\‘ ’ ll}@"ﬁ,i}’%l?%‘zﬁ'—o
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5 AR 4o 13 4

BT B3 L
N gy 55

2.0%4/2.8%4/8.5 v B3 &2 is )

7y
v E
v
K+ FFRE AT E IR
TE 2/4/6 J BT

DRENEPEE TS

313 % H %
A g s 18T Rad e AR S i SRS RR T Rz Y
%o R R A ESE- P S EEREZBIIES o £ 97T =H 4 o

RGBS BF A N SAPEARFETAFET F e d B o A A Aok 9

AP o
2 9T ¥ %A A

Pxe%.g. %j"f':r{ =t 3.5+ 2.8 v 2 v é";_l.

L B
FREo 11 « 11 TR T
Fﬁ;%—g-él' 11 A 11 A 11 A 33 A
FAE2 11~ 10 10« 31 <
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BERR R RS R TR B L FF AT B A T2 ot iR 3T
R HLIN R o Ao B] 14 ST o R IR R F E R 2

7 hitp:#/203 72251 5/~t1002/test1/ - Windows Internet Explorer

& hitp:203.72 251 51002 estl v||§| |Z| |Googke

BEE EHEED #H0 FHEEW TRO HEE

w & [ & hp:#203.72 251 54100 et/ l_l - & - [JEE® - TR - T
~
SRS ARE i
FRIRIBIRRYERE GRS  EF IR BT - TR T
R [ i R R e ik JEAE g
108 1 5 109 1 g 110 1 3
108 2 9 109 3 7 110 2 5
108 3 3 109 4 6 110 3 9
108 4 9 109 5 3 110 4 5 =
108 5 6 109 7 1 110 5 1
108 6 7 109 ) 7 110 6 1
108 7 3 109 9 3 110 7 6
108 g ) 109 10 1 110 8 6
108 9 ) 109 11 1 110 9 5
108 10 2 109 2 5 110 10 4
108 11 9 109 13 4 110 11 g | |
108 12 ) 109 14 4 110 2 1
108 12 B 109 15 5 110 13 3
108 14 ) 109 16 g 110 14 5
108 15 3 109 17 5 110 15 7
108 16 2 109 13 4 110 1% 6
108 17 1 109 19 1 110 17 7
108 18 3 109 20 7 110 13 7
103 19 9 109 21 5 110 19 6
103 20 3 109 22 3 110 20 2 3
ik R B R B B R R e
108 21 1 109 23 6 110 21 5
108 22 5 109 24 2 110 22 1
108 23 6 109 25 1 110 23 2
108 24 7 109 26 4 110 24 9
108 25 3 109 27 1 110 25 4
108 26 9 109 28 2 110 26 3 =
108 27 2 109 29 9 110 27 7
108 28 7 109 30 1 110 28 2
108 29 7 109 31 6 110 29 2
108 30 2 109 32 4 110 30 g
108 31 4 109 33 6 110 31 9
108 32 2 109 110 32 4
108 23 8 109 110 23 8 ||
v
| & FIEiE | H100% v

Bl 14 ZRlE T B K AET L F
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3.14 FHEIL
j&? it 12 ﬁ*?ﬁi‘*ﬁ SPSS 12 # < *Rig {7 RoICRUAR L %/:Ff]-—r P2 N T o
1.1 = ¥+ & %A 17 (two-way analysis of covariance) » 343 ¥ % 2 1 2 FHE F 4%

W g Fai R

o

2.7 = ¥+ & % 45 (two-way analysis of covariance) » 3t ¥ F L T @ FRE S 4L
WEHHE Y S eanpF
3.41* 4 B % #icie T (coefficient of correlation) » 3T FRAr f m &8 & § = 2%2

FARBEAE o

(“

o3
(dﬂ
!

Bl 15 Hcdh s 9 in4e )
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323 1L

321?:\& éf%i

AT TR LR 2 # % o AR E X RIE R Y B TR X DlamiAvf gF e
MR E T A BEETE 2 (subjective techniques)(Sweller ~ Van Merrienboer ~ Paas »
1998) » & LRl dnpief 7o ¢ 7 Ao RELA ) (mental load)2 T dpy 4 42 R
(mental effort) @46 © § 7 & 4 (Marcus » 1996)i2 3% » ¢ * 1 LR 2 BiL R (- ) s 7
RLITERE? DL FRRF AR M AE(task)z F 2 2 TR < ()R
WG R Y Ay o (B RERA A LLGncFLIEf o7 4§ RBA S

&7 # (physical activity) > ¥] 5 <RI 7 it § Fl4E 1 RACTEN LI FhgF e
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