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Teaching Effectiveness of using Electronic
Mathematical Instruction Model on Seventh Graders in

One-Variable Linear Equation

Jian-Yan Liou> Ming-Jang Chen® Yuan-Shuen Li’ Shiau-Jiuan Wang®

Abstract

The purpose of this study was to compare the learning effects in one-variable
linear equation for seventh grade students by using two different teaching methods :
the electronic mathematics instruction and the traditional teaching.

A quais-experimental approach was used in this research. There were 98 students
in the experimental group and 100 students in the control group. The teacher of the
experimental group was the researcher and the teacher of the control group was
another teacher whose teaching method was similar to the researcher’s method. The
teaching method of experimental group was Electronic Mathematical Instruction
which was based on the NAEP assessment framework as a theoretical foundation and
on the Multimedia Principle as electronic teaching materials . Control group used the
traditional teaching method.

The final conclusions are as follows :

1. The experimental group performed better than the control group for the
whole students in the immediate effect and retained effect.
2. The experimental group performed better than the control group for the

whole students in the immediate effect and retained effect on the concept,

procedures, problem-solving knowledge.
3. The experimental group performed better than the control group for the
whole students in the immediate effects and retained effects on low, average,

high mathematical assessment complexity.
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4. After using Digital Mathematics Education, the ability of the

experimental group’s communication had been progressed.
Keywords : Electronic Mathematics Instruction ~ AMA ~ One-Variable Linear

Equation ~ NAEP mathematics assessment

369



2012 #EFFTART
R ¥

TR Ry B S 52 SOl 1 5 e - R
p UFFEEA IS

P PR VR 2

B AR

Hersc0V1s&Kler.':1n(1980)|1,§U = Tv— OVTHAHZCRLEN | BTEERURES T B e
&i#g%ﬁ@%&@ﬂﬁ%%@%@ﬁﬁ G e P
SRRl SR P 'Eﬁ’lwiﬁ?@* BRLPN LR E PR SRR Y
I*E‘\T Tl o IR0 KT 10 IS0 2 BBl = PR I SR PR RO (LA ol 2008
BT 200 ; 1%44% 0 2010 3 B > 2011)F RS # o BERA (S R -
i%@h39%?2%®£%%ﬁ%ﬂ%iﬁ%?@%ﬂW%ﬁfm%%w’
Y R QR SR 5 R PR B E O SRR E‘fﬂ“jt
Z0 &l (National Assessment of Education Progress, [NAEP])EEE 7E7F1§ fﬁ il AMA
pﬂgpw“gﬁwycﬁurﬁﬁﬁT J%pl‘l @ﬂr?ﬁ ﬁgf Jjj T — hiﬂ}g LFUEﬁEa{g&,;’;,
R
Eﬁﬁiﬁﬁﬁﬁ% PR (G S M O 2P S HS IR B, 2
EL?
R B M AR SO O B DO
AIRLARITE B 7
Fﬂ%‘w*%‘rﬁﬁ *Sf? e AR L O i SR T BRI SR B
FERLA AT B Y
SR G 1+ WA SO AL 0

..L%

R

TJE‘ T T‘E'%'Frma\[ﬁ&‘ NAEP it B0 ”’F'}’(Mathematical Content
Strands) PiESin “JJ(Mathematical Abilities) ~ 7= ]/ (Mathematical Power) = {fsf[*
TR 10 - WOV ~ A R LR 1
"1,2005) © E‘V%[‘J?ﬁ#ﬁ%ﬁ?ﬁﬂwI'FEJEI"TE'?@%F‘@? E'PJ?’ P 3RE EJIE‘ )
_FQ@%EISJ#&%%*J' - 1999-2003 # NAEPJHeH L 450 R - lfk@ﬁ'%’fzﬁ |

=2 l] ~ PRI SREFEEER o T e RREE RS BT T
4i$iaﬁéw@$%% PREHAORET  BPERfET & yff 1E  (Conceptual
Understanding) ~ #4313 (Procedrual Knowledge)#|1##{ (Problem Soloving) = ffi
P LS YO BT BT O] P )2 PR

370



2012 #B EF KT
LR 8 3 6

o3 £1 1T B Aot 8 7k TR SIS~ RO ¢

ti%(ggq@?éLV[J P&tlﬁﬁﬂjggflq@WU’&ljﬂi1l ,: bw rjg(%EﬂJﬁi 4dﬁ%§(
Zo [ RLENHEE] (Reasoning) ;LE_??(Connectlons) ]T; ﬂ(Commulcat1on)_ EIREE
A - 2005 & NAEP < GHAZEREHL Y ~ 11 (SHIFER 0T HT - Hnss ey

FRFET % 2RI = e @?27@&@&'@7&” fﬁfi F FOREE SR IR
RE o E P ﬁ FEJ@‘E PSRRI ST -

HEME
rF RN
[‘%’ ) [ e [f% ':'*'Jt:ﬂ
b Y ) LT b || .
ki * s |
B R | F= it I=lz,j
HE !_m_,‘i_ I} L_'ﬁ:t'_"k
# |
=¥ = | =
et mflmflint il
— ¥
L ALY
#EAH
R L2 A

Z B NAEP F:‘L“E %Elﬁifj [f;ﬁ'
R VR - “The 19902003 Mathematics Framework”by National Center for
Education Statistics, National Assessment of Educational Progress (NAEP ) , from

http://nces.ed.gov/nationsreportcard/mathematics/previousframework.asp

IR S S P 1\4ayer(2009)ﬁF p@%&,ﬂgﬁ'ﬁ; et
*?‘?EL" R L ‘E‘%EJ@E%% ﬁ Rl R L TR o R R L e £
BTN - 2.9 EE IS -~ D » RO b L
pJ 032 ;ﬁﬂ;ﬁil [E;F% B EL FHJQ ’F*@ﬁ*‘ SO R F = [sg.“}g&pfjj Huld
SRV - Mayer |1 W [H713 EUF-'?" 11 = P S W@%@EU S
F# r'ﬂ*?”?{%ﬂ;"u 73 é@]ﬁﬁi “e f *g““%‘ﬂmﬂ\l 'ﬁﬂuiﬁgg’?ﬁﬂ S
EdiEa S N iEe s NI Rl e Ve | v Er e TS
Fl L Eﬁ‘?ﬂtj-ﬁf" ™ Eﬁﬂy!{/FI ’ tgrﬁfm\ﬂsl%ﬁ’ﬁf#j%ﬁ Egpﬂ—“- J(ajggﬁ&,ww ;R
[£1,1999 5 272002 5 [ ET,2004) -

BRI i B f*%’vﬁfﬁ@@?ﬁ  PUEBHF IR |

R Y PR BT A TR > F s [[ggﬁgj,étjﬁ{gd[ﬁlxg\fﬁw » L
Y ﬁﬁg RPN B~ ESERINES. - RS H O ACRL 2008 5 BT -
2009 ; & =4 > 2010 3 B > 201DV - E}H%:ﬁfﬁﬂ@w%ﬁﬁp N
FE =V FITE (activata mind attention, [AMA])F555 & ,,Fﬁﬁﬁﬁf YL l—ﬂj[ﬁﬁltﬁ?ﬁl?ﬂd[
PSR - - VRS L T R wiﬂg*“pﬁ&?“?‘/}f"ﬁ Pﬂ%ﬁ"ﬁﬁ
B PR PR A ST TR ST R R It
ﬁi’b;ﬂé&ﬁﬁ”g“ A AR RS fﬁ izt ﬂ?*’f“*%ﬁﬁi SCHF[“IEI”
S ERE e 5% FUR % PRI R - 5P P R 2

371



2012 #B EF KT
SEOLE S

B e PV - ZREIEE ] o F RS e F' A = T Y
AHAVFE ]S > ZE ] A Eﬁa?ﬂg&,ﬁ A i ngﬁs;;? Iﬁf[[ |£% NAEP & rrT%,
%%Eﬁp JEW%E EE= 2% Jus —ﬂﬁf\ﬁ ?%*Efiﬁlgﬁb IR B ’H ~apl j;,@]‘ i
SECE g *sf? If:"]?ut ﬂ‘F[ Mayer(2009) % i #} ’E’ﬁ@ﬁﬁpm MA s

N

PR RS 1 PR R IR TR R RS
1 IR RL b~ 1E 5 ﬁﬂfﬁfﬁf‘ﬁ'rﬁ l@ﬁaflﬂﬁw '*# FURCHIEL RS 4
B flree F[Lﬂsr%g;ﬂ SR rﬁngﬁ g*'J: Jgﬂaftlg ;chrﬂjq’ﬁm—
Jﬂ%wgﬁg?! '*sr@& PERER S TP RS R Hrél,ﬁ’* ”&?’ﬂﬂf 7l
98 ~ 100 At TIERE > By— Wi PFEREER L 4 AR AR 1 A H SﬁwP'
W RS 15 Ay - IM@*’W%?W/WEU% ° PARA ERIE )~ RS
RS~ il 1 ""‘EF’EF'?* S %Z%'EW%% RGN PR -
TR VE S IR R [ SVRIATTTREIFEE » £ 9L Ay R ﬂ“
DHTRIER PR A T A s g i o B AT o T ST R T
BRI L PRSI R SRR LR S
ESFEEE0- 0 r%ﬁﬁﬂ%ﬂmi%%'ﬁﬁﬁfﬂ% ph R 8 B
Ui, 2004118y 2 R HPEP SR B AR - ST ﬁwtﬁ’% FIA
=" W[# Cronbach a [FE{¥E 0.910 » 2" ?z o P E S ’T‘E‘F' IR =
ﬁlﬁ%;’??&%ﬁﬁ JHE &0 5T - E‘zﬁq 455) & ﬁ%ﬂ?ﬁ% : |L FTL_E’}?EET * AR RS
BT 05T - T ER 43 5T -

PO PO A ¥ LU 2 " - -
BT A a1y -xr s Ma- )= 4o Yx-2)

W12 1)= 1= Axi2 45 | Ax-d= 4346
3 % rinbdoegene Axt 245" 5 de- 4= 10- 3x

Ax 5 L

3x 3 7 n

AP ﬁ%\‘t’bﬂﬁ“ﬂ”'w TR )

b (R B (% [ﬁitwﬂﬁkﬂ“”* TR ERRRESAD

WS B

BN NS S Ea L B B E el F‘J[pj”*"ﬁ'ilflf R A B ﬁﬁﬁ?%
EEREE RIE > AT R e S (SR %’%‘IHI* PR By PRI~
T 2 = RS AT TR RISl ~ ol rRya -

372



2012 #EFFTART
IR REE T g

S PSRRI RIS A BT

Ay R ot
i (r: ié) (fL —ﬁ?OO) e
] M SD M SD t p LL UL d

FUESE 028 015 032 0161 -1.726 086  -0.082  0.005 -0.245
#8575 040 014 047 0175 -3.128 .002* -0.115 -0.026 -0.444
ATEGIE 031 021 037 0234 -1.855 065 -0.120  0.004 -0.264
RIS 017 020 0.7 077 -0.102 919 -0.056  0.051 -0.015
(SHIFEE S 042 015 049 0.8 -3.074 .002* -0.118 -0.026 -0.436
HEEEH S 019 019 021 020 -0.826 410 -0.078  0.032 0.117
fyEEEE 3 003 013 003 012 0150 881  -0.031  0.036  0.021

Z7-*p<.05

o V}Eﬁiw@gﬁﬁﬁﬁ?%& > B RRA AR AR ~ B @5("’8 TR

P T 1A 0.05 > JBERFH A B R T PR S F[(F'HF‘U’?/@)*TW@?EJF“

RYR e RIS R o o [P S B SRS ARLE st (55 SR [
AL

= HS TR AR BT

IR df F p n
A 1 39.510 .000%* 168

Ned. 1 21.739 .000%* .100

FH- 1 15.737 .000* 075

FERE 1 15.899 .000* 075
BEE 1 24.226 .000%* 111
LS 1 18.754 .000* .088
RS 1 11.038 .001* 054
Z7-*p<.05

[0 BRI R~ (7] BRI WP
EVHGEG P P il [ 0.05  JBERTR 2 B> R PR 'ﬂE[J’?‘MFi)*TP'*‘
RACEIH JEU/%;&E HRRSISP R > o ST 2 Rtk HEes ﬁg L _l‘j‘ﬂ?“?%\FJ N
HEs ~ PR SRR (5 0 RS P R RS SR AR AR -

373



2012 #EFFTART
R ¥

S IR AR S A

IR df F p n
A A 1 33.567 000* 146
Hd. 1 27.439 000* 123
PR 1 16.271 000* 077
R 1 11.062 001* 054
[ HE 1 27.946 .000* 125
S 1 16.146 001* 076
e 1 5.283 023* 026
Z7-*p<.05

PGP AR
]%"ﬁ]lﬂ{/ Eiaiij\ III [ ?j;:lﬁd##’%%w( j&IH_\f/_J iy\if”@ﬁﬁ"‘“*
A e PSS ARENE R P B 5 i 3t R T l%ﬁ AHHE L X erA
S0 -
SRR T T A
F10 F‘ B SRR §EFN Y R E S ) F[J EECIARSIRN

(PR - RS | (2 TR
R

I | . L —

o i MR R g
NG ETE SRR (5 R 9

5(1) =S i 13% 52% 40%

U= Lix = 3k

N ETA SRR 5 9

5(2) =S e 3% 47% 38%

2(X=2)=(—x+1)—(-3x+5)

R AR N © RS (SRS TR0 - B
ﬁﬁﬁ w#xnﬁgﬁuﬁﬁ B [ R
EyEIMW‘”%ﬁWﬁF%W%ﬁyﬁm@ﬁﬂw ERE o
IO % - S(2)MIEE S(1)HIES » il j 5 %&W AL P
o) [RS8 TR S0 LA i
550 BT 1P VW*w‘w’@ﬁﬁﬁm%JWOQW'%
E’EF,;‘FI JEMIUFFF S

__"'-E%

SRR AT AR

e ?ﬁ?‘fi

@% J A EESs = SL=S R NN==3 = i
TiEgt  FrpEt . WO TE R Fp

374



2012 #HEFEFAKT

AL B B ¢

5(1)

Bl 30%

22%

22% 4% 21%

g ] 17%

23%

22% 2% 34%

5(2)

sl 13%

34%

8% 17% 28%

g 10%

28%

12% 15% 35%

o,

L

(1) (

ST O LA IS 2R

) 30 —10x = 20x

SRR

S PR

(D¢ % ) 30— 10x = 20x
A 3o =30% ) D o _
) ( % ) 2(x—2)=(—x+1)—(—3x+5) =
~
(Al 22X - - _x+] 3% =3
22— = 2> — o
) J
WS TE
C = 20
X \
= 1 3x +
alaEdl
E 1IXC oy 3y 30 10 = 20x
...... e 2
2 2) = +1 +

375



2012 #EFFTART
R ¥

éﬂ“lpﬁF@%—Tsl
R R 12 AE - AR FL  FECEILER RO -l
l%zﬁEJEIU F?%'%EI%WJ *ﬁ? Z/DO A g R IWE P e A PERLE E L
= R e 'E;‘kuij ’Fl’] TSR 1o TPV = ,%&%ﬁ?uglmlﬁﬁ
SRS A 'F'J’EE‘?* 2 PRSI PSSR - Hi
7 ’l':]:[,\ﬁ E’r;g\ﬁ&ﬁ, ETEHM HJ—F[_‘FF‘%%T °
WER - 2 SE L LA - R Pt S B
FHE - Bl R a—»@*@ﬂﬂéﬁ_w ﬂwﬁpﬁér
ﬁ?ﬁfﬁtglc VRENE o _FPupgi=t s, S8t 3 Pl T R waf R T 0 2T PR
PR RRECIIE 53 SRR - 2 ] SIS ARL RS - PP T e
EEEa
IR 5 (AR BIE  BRSEHOEOg 2
S UEL Pk }“JF’ e FFUEIN- ﬁfiﬁii‘l\[ L @

ggh Selih
BRI | S
I T: £} ]Jrﬁggeg,lﬁi T ARy e 0 B RIS TR 0 AR 150 '—ﬁ]‘
I E] E[
F:lzj\ All—rmilﬁ’ﬁii rﬁﬁpjp]ﬁrl S27 5 F§Jt pﬁi‘?
S27 ...
T S12FE » TERRIG - 8
S12 1 A
T: ;‘11 » HIEVER (] > AR EUS R Rl 3xx <
3T %
S29 : Si/\ X
S30: 3 ¥

T | T A 2x=3 - SORERIAELT LU o
2x—1=3 SEREAI 2x=3 ¢ | {1 e 17

SI8 : k% flalya 1 = !

T: U ﬂl‘gﬁ%ﬂ?ﬂ_ o YpRE E| TV ﬂﬂlﬁﬁa'ﬁ' i ff?

SA : 'F%f
*_gwyiwﬂfﬁﬁﬁﬁﬁﬁ@— P Nl I

Ji JEI@?FIJO

S16 : Hif: x=2 fijr!

T @ L BRI Ve — #— 74  f- f

S16 : JERyM— 01> JREF BT 2

5] T LRI S28 0 BT N Sl

376



2012 #% EFAKT

HERE T ¢
H0=X _ox+10
&8&%4%&J%40ﬁﬁﬁj%ﬁﬁﬂ’%ﬂ 10 :
ORLX A et » R8T 4y
T: ﬁw%%ﬁ“ﬂgaﬁﬁ
S5 1 Hfj] > PYpY+10 j*%*“ff
T : 5L
S5: [NELRL- A %10 R RIF|AGHM 10 7o [ 2 HI -
400 - Xx 410 = 2x
Bl 10 J %o
T : &% rﬁé’:@p URLEHY?
SA:85-

T: ;‘H » g I R R SR A TR P9t - i

ﬂﬁ@i,—%ﬁ“”WOﬁ’ﬁﬂmnoﬁa,ﬁﬁzg
§$w’3ﬁﬁﬁf =4 e ] '#ﬁgj;*%—uo 2 MR g1
i’;[, IJEF[’y[Fﬁ[gF A ‘F/\I X s ﬂl_le A5 E,ILE‘I‘_P{"‘%‘j » S21 2

1Bt 2x=10per 9

T (e B SR - S

AT 10 1 AR 400 7 g IEG LR e GRS ED
S10 = E[ff > HIYHN =S 10 FEC fﬂ;d 1 2VE7 F%z%gj 07 >
B 20 FR o SERARHIRE] 25 FEBEL - iRER MR
20 75 SRR

_-Et[li

E%‘%ﬁﬁ?

P 1aid Tt R ﬁ**’ﬁ#ﬁ%vﬂféfy%ﬁsﬁw

B O B e SO & (RS A FE T
Je R F 7 ¥ b];” J o

B U e SR SRR [ s i B S E E
e

HOR B PR pop ik i P IR

o~ HFZ
< RS R R R R R e

r
T EERE AR SR - SRR -

377



2012 #EFFTART
R ¥

%
a&

—rA

PARE ~ S FTHFIS PIE;(2006) © [fil5T 25
ST > 2006 FiF] > 114-141 -
HJE(1993) o B[ 1- F AR E gy J ﬁ?”}i—%ﬁ? g E}"@EKJEJ%@M s [t F']J
Z%E[ﬁﬁ*%?"fﬁﬁﬁ%ﬁﬁd/ °

= YAT2004) - 12 5 f#— T RSO GHUT PTIA -
U R FY -

F'H\%i2009) {E'“_IF'J EME Model 13"‘1"" THE -~ 80 H Tl 55 o «F[J‘*

#SC‘:’Q e E}éu_,r:ﬁ :;rf:iﬂﬁ‘“q i o

’PHE‘?‘ Mg ~ ITEIVE(1989) » BIF1% ¥ 3 PRSI AVIE S - [ESJ??[rP J;EETJ,I}
m:l‘%ﬂﬁ?f[ °

H4H(2000) © U S BFTPEHTEI (NAEP) - © 4 Wik SR
11-1 > 143-153

l]%'F‘FJscsu(2008) > NAEP2007 Fﬁ‘ e lﬁ[ﬁ‘}‘ | J/E{f’s‘a 5‘/@‘*?56@’%@ =~
Tem | o Bt P NSRS ’mﬁrﬁw o
(T H(2010)- Eﬁiﬂgﬂf“ﬁé% U P ,Hﬁcpg«r'aag&vw- o
z%“%W*ﬂm W**ﬁ**%*%iﬁﬂjﬂﬁ?@ﬁ$?”ﬁj$

Clark,R,C.,&Mayer,R.E.(2003).E-learning and the science of instruction : proven

YR
TR USSP o RIS

guidelines for consumers and designers of multimedia learning.San
Francisco,CA : Jossey-Bass/Pfeiffer.

Mayer,R.E.(2005).The cambridge handbook of multimedia learning.Cambridge :
Cambridge University Press.

Mayer,R.E.(2009).Multimedia learning.New York : Cambridge University Press.

Sweller,J.(2010).Element interactivity and intrinsic,extraneous,and germane
congnitive load.Education Psychology Review,22,123-138.

378



