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Abstract

This study focuses on the teaching context using perpendicular bisector module in
comparison with the more common teaching context where construction procedures are
taught first and then followed by-explanation with line symmetric graphs. It.is intended
to investigate the effect of these two teaching contexts on students’ learning
achievement and perceptions of cognitive load in the four types of ruler and compass
construction instruction concerning perpendicular bisector. The experiment was based
on a quasi-experimental deign, and the participants were120 seven graders from 4
average classes in a junior high school-in New Taipei city. The teaching context of the
experimental group was based on the perpendicular bisector-module while students in
the control group were instructed in a line symmetric graph teaching context. The result
of the experiment was analyzed through two-way ANOVA, with teaching context and
achievement level being independent variables and scores in post-test and delayed post-
test and cognitive load being the dependent variables. Scores in both post-test and
delayed post-test were analyzed as four individual parts, including total scores,
perpendicular bisector concept, basic construction, and applied construction. The
participants’ perceptions of cognitive load are measured through cognitive load
measurement, while scores of instructional efficiency and instructional involvement
were used to synthetically determine their learning achievement and whether the
expertise reversal effect had been observed in the high achievers. The results of the
study showed that :(1) In terms of the individual scores in post-test and delayed post-
test as well as the perceptions of cognitive load, there was no significant interaction
between the two independent variables, teaching context and learning level. (2)The
major effect the variable of teaching context had on scores in post test was found to be
significant in total scores, basic construction, and applied construction; the major effect
the variable of achievement level had on scores in post test was found to be significant



in total scores, perpendicular bisector concept, basic construction, and applied
construction . (3) The major effect the variable of teaching context had on scores in
delayed post-test was found to be significant in total scores, perpendicular bisector
concept, basic construction, and applied construction; the major effect the variable of
achievement level had on scores in delayed post-test was also found to be significant in
total scores, perpendicular bisector concept, basic construction, and applied
construction. (4) The major effect the variable of teaching context had on scores in
perceptions of cognitive load was discovered to be insignificant; however, the major
effect the variable of learning achievement had on scores in perceptions of cognitive
load was found to be significant. (5) Judging from the synthesis of instructional
efficiency and instructional involvement score, participants in the experimental group
belonged to learners of high involvement high achievement learning style while in the
control group participants were described as learners of low invelvement and low
achievement learning style. Both teaching materials did not lead to the expertise
reversal effect in high achievers.

Keywords : modular, perpendicular bisector, ruler and compass constructions,
cognitive load, multimedia learning
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B Y XoarpE o TA A ) B p fRonl o MEERNALL 6] 0 F LhE
PR R AT e TR E A T SR W AR D R AT kit
Fa v g hhk oot W F TRDE A, PR
FOREfR AP S 4k AR B AR AN RIR Y LA e AeiE i
PP E2Z BB RXFAF SR Ir chaA 2 FiH 2> Mo
TS R A R Rt et € = R e ) fE 0 2
LAVA RS il A iS22 Benh 30 o Fla mIEEE {7 MR
%{.ij{f% f#m«ﬂr’i& o
T p R T P MM R ARl e BRIV TR
e ARG B AR o H R & 35 U ek 4T e
2. 1 i g (Worked Example Effect)

LR RE L E S LR T DR e

1T i T — R B AR E AR o R ST T B
ﬁ”)\?[{?'jﬁﬂiﬁ}’ SRR LR 0 7 P 4 SLPR AT ~ % e
FRAE AR T OPLRE MUtk fsne f o SR AHCp B 1 i AR o

GEESE A LA S e 2 LR L AR R AR
o ~ ARG~ AR~ B R AR okl ~ dp 8 Bridan B g 1 ok
}I@ °

3. == R4E»c/® (Problem Completion Effect)

%A R ALE - BN 1 TET b 0 R IR BAEOfRAE, 3 0 & R
By HRaA c FLOEROHIL > AP hsnirf 7o =
FRALT U R AR Y R LY RS AL MR

R R € L X
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4.

A FiE 4 s (Split-Attention Effect)
FPEVEEVHEE  ARRLAROEY R BV AR AR
Y b A dpent R A4 RAE B Y Xk > T A4 T AOLR 4 ok o
BEBAACRRSE Y R E PR A 2R e B Y

ﬁ@ﬁ@w{iﬁ@’jEZF%%@z%mwﬁ§~§%’géwa
£

R R R ST S 5B o RIAPRB Y chE RS R
FERTCEC T T RENL > MRGEATE e DR AR -

RiyF2 207 2 NATARE=2F 0 MIBZEE - H- &
53552 (Modality Effect)

FEYHES Z OB 22 BAREAL KR R EATA
TWfEpE > B A PR R A e c B HEARE 2 T KN R o
SOARAE A E RS A AR R Y Siarps > T A 30 A7 o JR
dofe pEié 1 iR R84 M oFUT AR S eI L O AR AT
g RTR L SRATE e AR PO o Flpt R b pilAvf e 0 B
FOHENL RSB T R o 2 oTkAp F 3T Mayer 0 F BMLE Y B og P A 0

BB e

)
PAgfeen VA R AT &R RLLF AT IOEF > @ BRET L

AP 2L e R AN T AL E AR o Bl AR
ol HR B REY F 0 BT AR RS F S B

F e -
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6.

a3 i (Redundancy Effect)
FEYMHEZF SeL Y 2 “,f S L nE Y H A 4 R
B PR B A A T R o Aok § B Y ﬁi;‘},ﬁ"(‘%’fi{? 1 H I

fRen> 2 TR AL bldo- BT LEPIREORE 0 BT A

‘N

EME LA RE T FRLT LI ene SR L Bd G 0 1A
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RIZit Kl BV HRE S FER ~ 7 T B 0 S Ao

o ~FLRRFUARLEEENER A DR AGR A2

* 03 T B %ﬁ?ﬁmi%fr g R é’ﬂ-%?;f;ug;%

TR T e $30% FE Y H TR A

L ¥ arak g T o

E ¥ uk ok (Expertise Reversal Effect)
- ARG HATE G R E A RN R R EY K ] 20 Ll

AT eIt B s o AT § O R aRLL o 4 B

PRV AT LA, B R RV ATl L LRGS0

a—

‘Q m\‘!:\}fr? /)E' i% “l'“ ‘7 l’:"—\!:\}fré /fl?r ’ ‘-"k’! _-j\- ? 7;;

~=\

~me
=
&
hg

AT R0 R O RV F R LSRED RA S s
B o o o T LR R SR U B ik R

%¥ﬁ§%4@3,§¥%mg%%ﬁ«$ﬁ%ﬁs’ﬁﬁﬁﬁa

12 FP L LR S FEATE R HIPmBR AR L i 4 o g F
FYF ek o RS HR G o PP R A FALT RS
e fiafie £ B Y K b Eard £ A E b i

EEH 4L L r @y v 15 EE Y »F (Instructional

Efficiency )£ 5 % 3% » » #(Instructional involvement score)p %o
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Paas ¥ Merriénboer (1993) i ¥ £ & ¥ iBfradiivs AE £ & v

Fl 4 0 - AT L Y 2k 2 Nerae B (Efficiency Graph)
‘FPPL'p§”’ B i —\og‘ﬂA{i (E) "";};t (1)41\7'::
L -7
E=—"2_° 1
2 (v
X-X
(Z= y Zp= BYARAMZASK 5 Zc= arf i Z A4 #k)
o

x\’i

% Bk

FUIe s B kiR Zp A SR 0 WA AP & HRT G PRI

=% o B Y B4cBl 1“7 (Paas, 2003) ¢

High Efficiency

Performance

Low Efficiency

Mental effort

URIES RSN
TR %k 7 Cognitive load measurement as a means to advance cognitive load
theory.” by F. Paas, J. E. Tuovinen, H. Tabbers & P. W. M. Gerven, 2003, Educational

psychologist, 38(1), p.68
BII=BRBALAL &5 A R4 34 Y »ad(High Efficiency )’
By dRgaRmiimi s 2*E>0 T Zp>Zc - BHRit& 2 Y
o8V LMl mpy 2B E=0>T Ip=Zc -CHALME
e (Low Efficiency) % 23 Mmuwf =8 » »*FFE <0
p < Zc -
H3FE R a*f?}"‘ CEE AR LR EoTk 0 P g Tl AR

o f e n A Y ond o TR T LD Bk RBLT AL &
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¥k #waok(Clark et al., 2006) -

BARAAAT BV F AT VBT SRR FEV F PE
ﬁﬁ’ﬁiﬁﬁ%wﬁ?Jﬁﬁ%’ﬂ&ﬁ§%¢%$§?%mogﬁ
Fois s Y Y LA AP EK > Paas & 4 (2000)% T B

i o~ & #(Instructional involvement score) » Hz3+E o3¢ (2) 4c

(2)

o f jm Z 4 #e)
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Performance

high involvement

......
..............

low involvement

W 2 534K & kR
TR %R 7 Amotivational perspective on the relation between mental effort and

performance : Optimizing learner involvement in instruction.” by F. Paas, J. E. Tuovinen, J. J.

G. van Merriénboer, & A. Aubteen Darabi, 2005, Educational Technology Research and
Development, 53(3), p.29
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I=0 E=0
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Mental effart
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|
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\
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SE L FESEN 3

16



8. 4p3!#ri¥»% s (Guidance Fading Effect)

BB E R R M EE B B Y AL ek
AIFENRY LG Fen REFFY F L FAORRFREOE S o Heih
KERpSI T F a ga et aiAvf Jr o A2 B EarR s wlonk o B
A HF) LB Y i AT aeE A % ey B 4 51 ¥ 1 ekl
WL iR AR R F R Y F B R A e B S i
Fal g RHF A G RO RAF R A4 R ATuAT ) g o F
REDRF I EZRFAFE R GH TGRS T F A LA
AHFEABEEE o bliri R ERFOL BT b BEEFRER SR
Ao BRI 2 2z indnal dh RS AR

S oA T B Y R AF AR RATRY F
B Arao kS g BRI Bl iz R o TR B L ornok B ang Y
—J'F]’ ) Bk Bt BV A £_f § rrihe

9. # oo (Imagination Effect)

i R R ERASAD S o ¥ Bij— BAEAESA
WERAFARESMEAL L FFYP AL S ROtk Bk B
ARG BY L JAE PR A Felh e
S1F ARMEN R THE R A > T 8 ot e dl iR B i o

KERGFLDT & Al (FelRY s AP T 5% A%
FY Fey WRanywmih o F R Y F L i ik e K o
FlekPeRnoB AT UG E I BAR 2 E- ~F 7 MR
TReG R A AR TR DE Y KRG LR Al X
ARAATFRAE B Tt R Gere k2 B A Y T A2 E o

10. p 2 f2# 2 (Self-Explanation Effect)
TpABRE MTERLEY FEY - BT b f 2R

+ 3P 2 Aan- f8 o (Ruth Colvin Clark, Nguyen, &
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Sweller, 2006) - g A& KLY Hi2f- Bier L > wgitd
VHET AT IRASIARM 0T (e A% £ am ik &
Biid o BN ATRRE T IR R o

dole K B pEER s K E p ARl
WL e AF BN Y F T U TR T g Y
Fenh ok B FRE o EPERA G L
P AR ST A RATE A RENE Y K m 2 p R o

B o p A ool io BEE 5 P Fed® 0 B K T 2h ik df T
HREY B A Y HAF R P IRiE A F AR
kR Y T EL RS B

=)

% ¢35 Mg fg(Element Interactivity Effect)
odeddad N ALl B i d FERAT M AR T
AP RRRACE FERER o § v F I A M BIp ARy A
B LT hanief AR e dek AAZET (ToefRrad
Fie ? a8y 05 ~F IR G 0 B Gl fae &R o

PURE S ARl m A F e g ontE M N R 2 B YR AN & e

AR AT ) e GinArf e TR R A F T
.ri%;:)'{% o

AF I PARR B AR B AR hF Y HE o LR
A EE Y AT 0 B AF I T G ARGE o A e
KERFOFEY FA T BAEIIMBT LI F o T B AN RIE
POV NREHSBITIEY A E AL - BE- AW gt AF TR
LIAER > FIRrEME T A FE LT

12. = ~%»c ) (Isolated Elements Effect)

-~
—_
’1"’*

LR R R R KR G P AR R LR ®

G ELREY ERETREY F i o bk B Y Eikena E 23
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13. %1 »z /& (Variability Effect)

Pfinar f oA it il AR o A R o ok
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Pl FRF R GE AP i AT R P AR AES Y

B MAYT Er AR B EHGET ek F Y N AR R R

W s AFFYEF e G045 (4§ Bimrpl
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14. =% 4+ (Transient Information Effect)
TR LR TE S - BE Y A F 2 RFY A AL

MAL N BE L E gz h ,éjiﬁiﬁ’i 7 (Sweller et al.,



AZAIPEF o AeF L AL oAl Aulaveiia g o ¥
P gAML Fl 1 iFERG FESFAFR U] A
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0 e RERM DR IRET o AU AR 0 Y e e d
MEFE o EMAZRI BRIl g KRR SRR s ot

B s REFRNMSIELY B EE P Fofs > 2 {1 T @ LS EFIC-

2-2 FHWME VS

v

Mayer #- % 448 (multimedia) & & % 12 3% @ (words)f- B H(pictures) % i+
foode TR e BBEr T iedde s "Rk, 7 F LRk &
(Mayer, 2006) ¢ Clark 22 Mayer (2007) T_% %8 ~ 2% (media elements) 5 * % % 1
3% @ (words)f ) 2 (illustrations) s 14 & ARAF endkjiy » & 359 5 ik ~ F
B R e~ Ap 5 1 EdF o Mayer(2006)#- 7 HAE S P R L3R * P 0R
o 8538 0 Lafamai 0 J AN B Y S %78 (dual-code) ¢ i iE (dual-
channel) & % -

FERT RO R RFRROEFRE S EREF TR ERAEY 2
25 Aok Y (e-learning) i B 3 AR K A% F ik % o Mayer & & (2007)%-
O R R T R R A e N T
B d2 LR o FN i E Y AP HNEY - RR G E
PR 5 LGE T fRA P B Y TR ARl 0 E g E DR R

Al o F]gt Mayer & A 32 4070 5 B Y BB gt i) 0 iofl 40

21



FHA LR BB T il FHA g

; o N - R
x5 PERNIES SN e == e
\ s 1 gL Atk
ER ik ) il
B % -3| wop [0 L[ mp [ R  mgpn
\ VAN / \ ’ R J

B 4 58RMEYRH:
FRAR A (011 Bl 5 gt e 3RS K
B2#73 o F 9o

HRLAT RO

R R

(2) ‘=% (Organize
B sy CA] & R A e
(3) & & (lIntegrate)
Bl iFefR Y MR WA RIGHCR] 0 R R Bp R e M L o

BEE

22




2-2-1 5 H-WE ¥ B 2 BK
EIHMEYIEST 0 3 = BAAEX
(1) #:ii:g (Dual channels)
AEER G A B e LBl AR ERE L MR RERE T
Folom A B~ AR S AR A i AT o
(2) 7 *¥% € (Limited capacity )
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o
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=
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(3) i # &= (Active processing)
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EREBARLL M LB %2 N iR e S

2-2-2 5 LM E ¥ Bk i f i
By iEARY 1 - ARl F g g LT R T S Y
T2 Pz fERA

(1) *F AsaaeiEt2 (Extraneous Cognitive Processing )
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RAAEE I o ok B ARTATRIL Y B SRR RIE TR
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o F R ERL e REEB LR -
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1AL EXTIEY N F AL R ek B Y F &
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