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ABSTRACT

This study aims at developing a computer integrated conceptual teaching program on
decimal multiplication through ADDIE mode with AMA system. This program includes
teaching plans, a power point file of digital teaching demonstrating material.

The teaching program is accomplished by an action research through the cycle process of
plan, action, reflection and modification. The students in this action research are from three
classes of fifth graders in the school where researcher works. The research tools include
teaching videos, group discussion of teaching materials , teaching review record, reflection
diary, formative evaluation, questionnaires of attitude and study result.

The findings of the study are stated as follows:

1.

2.

Before designing teaching materials, teachers are supposed to analyze the differences
and similarities of each adapted math textbooks as an effective basis.

Researchers are supposed to consider the background knowledge of students,
curriculum guidelines, principles of designing multimedia teaching materials and
pedagogical content knowledge (PCK), which might reduce the cognitive load of
students effectively, and help students reach better learning outcome.

In developing teaching plans, through discussion with advisors and co-teachers,
researcher could modify teaching materials designing by self, and make it more
adaptive to the pupils’ needs.

Most learners give positive response and evaluation to the student learning attitude
survey; teachers who give tests also place positive evaluation.

Through the combination of action research and ADDIE mode, the researcher gains
deeper acquaintance and recognition to the developing of digital materials, and
modifies pedagogical content knowledge and teaching strategies.

Keyword : ADDIE ~ AMA -~ decimal multiplication ~ action research ~ PCK
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é/'ftg’" Ll‘?fﬁé/f?’ﬂr\}%nm’ Flpt ¥ £ ﬁd S L m_ﬁmﬁ‘p‘%ﬂs—\m)&a.-rkg
;f'}t;fﬁ-'ﬁ' q'\ansfré/fF"Egim-é- B2 - o

3.3 4 4 j= (germane cognitive load )

B2 suaf mx 7L sramiar b e (effective cognitive load ) » % 3l & & K3+
FOOR 0 AT LT B ARPP LR YR gL
BBV foaniiwf Fg > Lt aniarf FAREFY A 2E T RFY (R Paas
etal,, 2003) o F]pt LHF K E XA TV FWE L Gt ARl F o4 T Pﬁﬂﬂfi‘aﬁ
S A SRATE G e Rm o rE G AP ASRATE P o~ ARl FEM A Al = ﬁmm

AR SR PR R LR PEX Y S
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Sm%rEZMOE@—Eﬁﬂﬁ%ﬂWé’mé%%ﬁﬁiﬁﬁﬁﬁ@mmt
interactivity) 22 p A inief 7~ v g mi i@ﬁ WATE G Moo F AR FiEm
R RE M LT R %“—‘”ﬁﬂi‘}** RAIMB T EMERAEEFOLT M
A5 jT%;x: R ARl e o «g% 'ﬂ;’z‘/.—,& F' R ST RIRATf A H2
wACE e b o LE DA B Y %(Sweller 2010) -

Sweller % §3(1998) PEEREETFY ;L-‘ic F T HEAP ke e 2010
# > Sweller %+~ % F'*nu TREE AR E R A +fr AR e 0 ATHE L 14
T RATE Tl 0 WA 4o (Sweller, 2010) ¢

1.7 2z p 22/ (goal-free effect)

L B A S RE DU TS E kit e LY
Ao FoE Al o AR RMAZF AT BB FP R A f gE e

2.77 #»x s (worked example effect )

7 B A2 A Mok (procedure knowledge ) - #FF ¥ & IR § cfREE G| 0 et H 4
PR P AR -
3.% = K382/, (completion problem effect)

’

AT E T G AR o d N E A B Y 4 Ao B R M ARAT) Farek
?,llihﬁvr]¢$ﬁ—¢mﬁ¢,z’Fﬂi\g}%‘fi;{q\l VRS I IR e E T Mo

4.4 FTA R 4 o (split-attention effect)

EI/—NE,’;’AI}@{;})H’W}"T TMELFE B LR ﬁ”ffb’ﬁh‘k*ﬂ—”ﬂff iz g
EROANENNEY cF AR CERARREFLIR LIRS A4 E T I N

5.% 4f > & (redundancy effect )
%@%?@iéjﬁu¢ﬁmg% FoOFRERE - A B ELE B
L TR VI gﬁ$ﬁ%ﬁﬁo
6.5 7F w22 (expertise reversal effect)
TR E G- BAERIMB SR R - B AT E A S AR
BEF RAPD ATl R R R PR FORER- BAEIIMBES R A AR

Sl AV
7.3 51 7% 4 > s (uidance fading effect)
%%%iﬁ;’%iﬁi%ﬁm’ b QU A TRy AT N )

FERAERT T B X R AR RUEE - BREDEE L F F’“m 3 B
Fow 2 fsAp oo

8.1 w| & 1 # = % s i (isolated-interacting elements effect)

I% 4@5

EBATRE P ftp.uf‘f'g T 4P B e

T M AR @R Mo - B ERON AR
o BB RGN T MR

R S AR AR Y i
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B 4ot T Y K A f e o
9. molar-modular effect

TripB/g 3 fn ZonAp > R Bd Baow G AR -~ 08 molar gt A
H':"}’/\?/I’:i modular “E_':’fj?:t*al ; 0~ molar_;;}_'? modular |TT) %ﬁ,rﬁ;/mz g P\»:' E‘?":?:t;i _’%ﬁ %3 ’% o
10.% i+ >z (variability effect )

gi fﬂ‘_@f;ﬁg%{éﬁﬂﬁs Fﬁ s :‘E“ﬁ' %TL ) PaﬁvF;“%Eﬁ%ﬁg—fr'fﬁ"ii ’ &E?J‘"ﬁ Vi g =
L% p e L7 0 B g AR M T M T
LR SR AN A SR LR L
11.~ % = 3 M #»< i (element interactivity effect)

BN BRRATE E m;i;rr AP r@;"' FFALITH o A F LT MO A
FERN A \:.\.rrf'é/fv #Eﬁ% IMEE ’%fépu”?élv ?Kf‘gﬁ’ﬁévﬁﬁ

W irRE R
12.75 ;% »2 & (modality effect )
AN By 0 RGE APV G S EF A AR RenlE AL L o A 2LE -

M
*3"\“’—1”5_ U'Fé}&ﬁ"? %Ib}%@—“’;/ﬁ‘ _Zﬁ-"%ﬁ (‘&V:ﬁ%%)—ﬁgiﬁ ('&[":%‘j) ,:Jﬂz
FpF e R e e R E g e

B8 4 »z & (imagination effect)

AR fRT é?”i‘@iﬁ RGBS REL > A 2R ARR T 0 F @ A
e %‘3% é’-‘%‘f”'ﬂ"%‘»i ﬁtlwﬁii\#fﬁfﬁ? P 1 TEzE il € AJT N RInAT f AR M e
R 5% RRCELE R A B #Eﬁa@mw BB F 0 A AT f e T

‘4“ o

14.p 3\ j2 48 5 i (self-explanation effect)

RIS R o AR RS R R R Y F AT GRS A p L iR
?@"’k’v 113 ’/zgﬁi‘ai?iffélv—i/@“’*’l’\ ’L_F\_\,ff'é,ﬁ#ﬂfﬁgm ?Fﬁg% ‘oﬂ?ﬂ#
S R T G B R R R e SRR L FY F R

FF""'J,{ELL’I??” _th,;rr};‘;l!ﬁ ]\4‘ }L‘F‘\}frél o
243 % WA E Y 1224

Mayer (2001) #% ) % %8 ¥ 1234 > % £ 7 Paivio (1986) gE#52 % ~ Baddeley
(1992)% "1 T fp 7 £ EE 22 Sweller, Merrierboer, and Paas (1998) ciniv f miZ ki
Lo TN A RN 0 50 R U e Adnae f e il o Mayer % ) e f#lﬁ Nk
P& A

- CRERESIRLIFH I LT EY R ORERBAA o

S S T Fﬁr\ R A E%‘I st AR AL R T

=~ fFB Ay RELE T . .g\ﬁ,}\ B rEn £ g s (Long-term

Memory, LTM) 27 m’t VE TR BIRABREEN VT A ARZICET
W2 fsoom A AL ARELE é\mﬁmf°
L4 > Mayer 1234 3 &f{—%@"g” Wk BEREAL CHE MK E

EaN
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SRR F R P (multimedia principle ) ~ 7 B £ i1 R B] (spatial contiguity
principle ) ~ pF fF 437 & B (temporal contiguity principle ) ~ i 7 £ & B ( coherence
principle ) ~ 253 i P| (Modality principle) ~ £ % & P| (Redundancy principle) ~ B %] £
£ R Bl (individual differences principle) % > " ¥ % $i48 8 ¥ = 3 p £ B L > >t 2005
ERL X HERDLIERT R RA B2 0 & Mayer(2009) =0 Multimedia Learning - 3
PR S EMO 2B R RA] > ¥ R AIE S NN S 28 WERAcE 16

% 16
Mayer 1% B8 - R P& 55 4

i 7 J #](Coherence Principle)
K b Ak ger 2t mop) |5 5k RI(Signaling Principle )
(Principles for Reducing | £ % /& #](Redundancy Principle)
Extraneous Processing) % B #:17 & B (Spatial Contiguity Principle)
P #:17 P (Temporal Contiguity Principle)
F I A AL L3 R R 4 &)/ P (Segmentation Principle )
(Principles for Managing | #f £ 3" % & R (Pretraining Principle )
Essential Processing) 25 3% & | (Modality Principle)
% %8 & P (Multimedia Principle)
i A i+ J B (Personalization Principle)
#-3 J P(Voice Principle)
Bl 1§ 1l (Image Principle)
7 %k © Multimedia Learning, by Mayer, R. E, 2009, New York : Cambridge.

H Ao 72 R K R R
(Principles for Fostering
Generative Processing)

TH-12 38 5 SR8 S a3k 3 B3t 228 4o (Mayer, 2009; & 4535, 2008; Fr i3 &,
2009) :

- ~ 5 %48 B R (Multimedia Principle )

R D RHHRFHEY - FERGI Y P P ock g WY - F4F o
WP kgpMayer (2001) > AR R F Y A MM AR A A ApE 5 # F BT
M 2 3R R REE SRR F RE e 2 R A M A g Lk
% 0% 2 B d e ﬂrlmww RN R RN A
rzc ACRRPE S § R F A F T2 2 Bl ene ATECA] 0 2 2 RS Ao A
Bt 20 B enhf i wwgucwﬁxw” Yk g HE PR FE
Vg Y 2k 4o S R R (Paivio, 1986) - R Bl - AL R
Brie R ILfZ o

= ~ 7 B4 R B (Spatial Contiguity Principle )
BRARM Y FHB AR ¢ CERTE N R BARPEY R o
WL SRR Y e @Aai g »x g Y (active learning) BV Ao &
ﬂﬁz EREE = SN A= R RS- crf@s‘z A BERFILHEREAAAM > (words)
SR Y (pictures) sk - R GEEL BB fos AR 2 AL S AR
T fEEH AR F R r AR R RN FLIR AT ALY
53 eh2 B F R (limited resource) > Flt B % izﬂ\_ﬂ‘grj{?mi—gv AR
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=

TR R > AT AL A I TN ol 2 k)
LR FRNRERLF N FC RN T B i&%&g;&#ﬁ%ﬁ%iiéz
M FH L A e X P U F LA NEEE UFY AP e

= ~ PR 3T R P (Temporal Contiguity Principle )

BB :
wm

0B chY TRk PR R R R Ak
SHAE Y il B AR AR R BEREY —“"" R A R IR
T EAMEL BT I‘E_AC'I‘%II}]E“%L"'gj\mﬁ?%% ﬁgi‘ M E 3 AR I}{
PE s TG 3 (FefBan 4 e E L ;s,?f ket d & IE4pF o W RS
AR RGO A iT R o F RV F e FERY \F'&Eﬂj.:éﬂf
= A 24 FEE o F]et o d Mayer (2001) B2 adp bl f T g ¢ A FE
IR EAREE R YRR T SRRt s i e 3 20
TR

= ~ i@ kR (Coherence Principle )

Ja Rl

l;’f’-'_‘«ﬁl #Eﬁi‘g‘:’/ﬂ? :3’}: ~ niz\i\‘ﬁ‘?} %’gbécu#kxf , gﬂ‘g %i%ﬁ’{{ﬁ‘ R
LRV AT RS R

1' Z*Elrﬁgﬁj?fj{ﬁﬁlg\gxﬁf gsé mgiii—\;:% o
2. H AP M g & ;é_‘zgxz@%asé F' B ek o
3. A E rﬁ?f‘;‘.%’,’,}‘\%pﬁ\:‘ ﬁégiﬂtigﬂjrﬂ?”“x% o

i 7 (coherence) #;¢h iz L7 A& F’“ms%f#f‘ﬁ U @ § >l (coherence

effect) Bl {#;]ig;‘ﬁﬁg'rﬁp fg 2 & (material ) %‘ﬁt#k"ffﬂ? %“?{fﬁ% N
LA F E B AT AR A (material ) A » PFERE Y 2 gk o AU - PR

%ﬁ”ﬁﬁﬂlﬁ%m?% R EAEE GG EY 0 g g R

T FE BT IR AR "fﬂf A gy g\jug%c o

Mayer (2001) B & M hFA S L7 ¢33

1 &1 fFefp? LA i ik

REY FRE R DT RS ENCRLEPAS & E i N

A TR L AL

’a;b]ég“ﬁ%&—gzgg o Fpag o

Mo

7 ~ 353 B Rl (Modality Principle )

Fpl

v

Fp 5]

PEFMANMCER F O NFIREERCFF L AFark o
FlaiE2F B - ﬁvﬁ”bf¥ﬁljgﬁ-§f/}§],g\?ﬁ 3 X I«LL'E»'EE‘JII;»
WA RAT R B R RRER O L ’?lﬁér’m%ﬁtﬁ?f 7
%‘i?%'“p%%’wivéJ.IF»E*’ vEAEY IR IEEF B AR
CEHERIR Y PIRE WG FE o A RFE TR I R T
'FPU'F@&gﬁﬁhﬂ R B2 RIEE kg g o

e

= ~ £ B (% 4) R P (Redundancy Principle)

B

o

?ﬁ“%ﬂ«grg”‘ﬁ%%*‘"**‘?‘?J ¥ rg’»‘ﬁv% Tt g gk

¥t FR{ FE Y ek o

: Mayer(2001)# 4t > % B30 L AR & IR F 5B 5 R BdodfiiaE
[

i?f;ﬂi_ﬂz;}m# |75 5% BF > BALF ~ F irp%zmi?-}ﬂ?ﬂfr,;_ﬁ‘uvg 5 .,};
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LEEVOPEE LAy F RV DI EHERY  REFAIRE
FeaF s plE R LY av:;%T;o

Mayer #73% 11 en % 4 P die Sweller #r3x en i s fp e B B % e >
wmmaﬁﬁi%&@ﬁmaﬁﬁﬁm§@W%?ﬂ,Mﬁi%mmi
K # & 3 b LT gﬁ+m_%‘,; ¥ o=y m Mayer #1# d
RGP AT SR B d @ﬁ#@ﬁo%{ﬁfﬁm%ﬁ;“ﬁ
st B d P e T R 2 ACHE PE g Y A s o

= ~ i A it R R (Personalization Principle)

B R

5

CRE T ¢ (conversational style) g7 30 gt g A58t (formal

style) eh> N EF| L HFnF ¥ 2x%k o @ ki b mﬁ?f&?{?ﬁ | % Fit e

FAELRL DT S AEL B AR

DB AR Eljg\;}r EPFEFOREAEAEFL B LR 87 L AKT kAT

LB Yz %TF“::&?@T—: o hiBAKY o HELE AR 'Fufﬁ-“ ELT/F'*‘(the

visible auther)egn & o EHFIE k3L s KE KRB A o7 12 L F .rdﬂz s 32 i A

FOoRZVNUGHEEY FERLRI G Ik AL g HE - B

N~ 5Lk P (Signaling Principle )

}%'E'J-

Fpl

B

i

-

FR -

SHMERHFE ] T RARHN PR SR LR T 0 BV Tk R
D F GG F TR T A 5'%@%“3”3‘%—/ LARAALER RPN T o Aot T Y
ﬁﬁ?aim_ ﬁ%wﬁ %ixmmguﬂ’§$m%?%zmxﬁ

Bo° u__ﬁﬂﬁi‘ﬁl‘? AN ERE Y R RALGEL ) o v P A
ﬂ‘ SRR 4R S i d ol %ap;}p—p“ﬁ R i rrJ\:)’Kx]},V o~ ;ﬁ.gﬁréf
Bk AL R F R e BRI GRS BRI IR R
B4 sgﬁgﬁ;f%’,\o;;;t@:;mg,;@immﬁg»na +px5]§ 4 Hx ﬁ‘—g F o0 ;{g@‘w pL
KRB o

4 2 B (Segmentation Principle )

AR MAR S USRI PR FEY AT ERER > g0
BFERFAF LB DFY ko

: %f PR BB PR B A - B A ER T

»ﬁ!/'%’»’ﬂl’fyfﬁFmineJéli‘H%‘«iﬁf@&ﬁ;lgﬁm?.}i Sl BT -
PR #BF chedk S SR M A S N B A ﬁw«dv— B
PEYERSFI NG LRV F TR ERE AN 35 B
PF o AR R T\ﬁ*“i&é;lﬁam’% g Tpuzi&? R QT ERLEEEY & R
T E i wAL R R > " Mg Y 2 x (Clark & Mayer, 2003) -

g L2 & B (Pretraining Principle )

ko :;kfrlg _gfuiamfr,ﬁ_&ﬁ-ﬂ:pi B i i o

L L_i}*%ﬁﬁ?vt?ﬁi%ﬁrrﬁﬁ?f A R NEEE B A B 1 B fa

—%ﬁﬁﬁ?’iﬂiﬁ%ﬁﬁiiﬂﬁm’ﬁ%%ﬁﬁbrEiWﬁJ°

f?d'ﬁlr’ﬁ'ﬁ B ke 1 T AR EI DT IR A D PR E Y g
U AR

~ #% & Pl (Voice Principle)
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BB E S giaaed duhit s 4 %4 B gas.—kmg‘fﬂ;{%ﬁ{ﬁ&%@ FRNERE

BP0 g R R T S ik § TR (somalpresenCE)g’ﬁ%”i*%
%ﬂJ%im%mww@ﬂ@mwmma’wwﬁiﬁ&"%’ﬂﬁ:%!
ST EE A IPARE S i A °

-+ =~ B & 2l (Image Principle)
@E %;&@*ﬁﬂmgﬁin@ MEFFL  BYEFLREEE R
\'."

L
ﬁ“? EFY R R meﬁ‘-ﬂ‘j‘mﬂ@»{@ NI “?‘ R S i
Eﬂﬁ‘ﬂ P B ok ARy e

G RH R RS LS ET EF T 0 0 B X LEF K
e By imﬁi'“?fﬁ

‘m*_)?;l.

SEN - PR KRN S AR RAEL R s KE e
KR R R S nE K ik N A E o T AR Y o R E B
RS L R [BUAT EL 0 S (R s R K
B il g 'I?E‘KA’\@F’Q);J(% Fito MIT S R ALK RIS pdgE gy e

251 B 3cH o

Mk Repgk FAA-BRE CERFA-BEE A REFORER AT ER
?ﬁﬁiil%éfwﬁlfy% T RKFRGE & & a4 2 Shulman(1986)
ME R RET R G T o b E RB R EE e s @0 K K & bk
ER#N T EPRE R (Pedagoglcal Content Knowledge, PCK) st & » 5 3 305774 7 F &
% & FLp F ok (Content Knowledge, CK) 2 # ¥ w2 (Pedagogical Knowledge, PK)#F » 7=

B B LB Fd 8 P58 domk o Schulman(1987) fe=t & { 3% 11 = 1B K fF aoas
td. PEURAE PR CROE R Bt TE R R - ﬁ??}i}“ Rt 4
SR &4 ot REREF R EAoRhanbf i | o Shulman(1986) 454 % W3F 7 - efF 34 T
A R S i R R SRt £ el SRR
FRPETFE ARARKETFREKT ﬁa\ FAhipu 2R 3075 KFwtadnmgp ¥
FhpTo A ERY FlE 24P TEH ) S o “rrShulmandt ul g O Tk 4
hidt | (Missing Paradigm) » £ Bl # (7 FHBRTIE L EXTEME P B kLY hE &
Mo Flm &4 g‘fﬁifﬁg‘ffr’i\.m N 5&%; 2 PCK—&‘,\“\%‘S%JIP?—Lﬂ A Bl m(*"]‘i‘ﬁb\,
2005) -

Shulman(1986) 1 § # & & Frid ch T B 4™ 1 F P R F i J & i Brrreap 3
AHEY EHMOE RSk F KSR B AL BE PGS AV KRS &
MR PEL BG * DA A 0 B R SRR B BERCEFE o fHT 20
PR R 4 2@ enpe & S 5 (Shulman, 1986, p.9) « # P2 E T %4 H6 -
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R AR
Pedegogical Content Knowledge
PCK

A
Pedagogical
Knowledge

PK

Content
Knowledge

CK

W 6 FH KT L B
7L %k : “Technological pedagogical content knowledge: A framework for teacher
knowledge,” by Mishra, P., & Koehler, M. J., 2006, Teachers college record, 108(6), p.1022.

fShulman#rit &) e L § oz 28 ¢ & A w3 T #23  (Technology) &% 5
Fepft o e A AT G IR R 80 E RAp o ) TR aRdsm e BB R P A G
BoEE o g TR PARTRI S AP AR .

PEREX21E & > R PGS R PIHEE E R UL FEE DRRTEET R P AT
TR TR R RS R P R RFERE A
REF ) 5o 5 Tt > 2006-& % 6 42+ & cPunya Mishra£z Matthew J. Koehler
S REFET T ok g B ARS > A ShulmansPCKIEHE A # L » AT4e 2 7 T
#  (Technology)iz- B ~% > % % 7 [ & % & L@ | (Technological Pedagogical
Content Knowledge, TPCK) 377 1 » # 4 Bl 7P (Mishra & Koehler, 2006) -

SRR

Technological Pedegogical

FHCERIRIR Content Knowledge
Technological Conert Knowledge .
MoK Y/ R TPCK
Technological
Knowledge
TK
RIS BRI x )
Content Pedagogical HERRC A
Knowledge Knowledge Technological Pedegogical Knowledge
CK PK TPK

BRI R
Pedegogical Content Knowledge
PCK
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W 7 BREREPHEAEMEL B
F L %k : “Technological pedagogical content knowledge: A framework for teacher
knowledge,” by Mishra, P., & Koehler, M. J., 2006, Teachers college record, 108(6), p.1025.

2.5.2 HH R F @

Lo S 4 ff%é’"‘% * omiap Fﬁ?F % > Fennema ¥ Frank (1992) v i #c% %f7 3 = %
TR BE KE R ik ek (Knowledge of mathematics ) % VK B juar i
( Knowledge of learners’cognitions in mathematics ) ~ #¢ % /2 shioid (Pedagoglcal
knowledge ) » f4% %% 4 ¢ ol ch2 3 8% F o 300 g B gpE O Ao (308 R
AR B F Fﬁii = >2008) - WP} &K 4RF¥ (2001) #-Shulman #73k &) i g
T AL Z BARE > T REH ?{FH’—W‘J?{FH"J‘\? SIR O 0 A LB ArEs s B K s feg 4
WA B L 58 A i B-H Bt w4 o Hill, Ball & Schilling(2008) ¥4 #c & 7 & % v
B o ) TEF R oa (MKT) #3] ) » QLo E RKiFS £t ¢ 55 por
B (SMK) fe& p F4ara (PCK) = <3 H9 g1t 22 ] 35 o 4olf] 80 F fLarithy
— AP g e (CCK) o~ BB koo 35 ) 7 4o (SCK) Z 3% 5 8 p 7 aoik
RE B e (KCS) s f 3 2308 foss (KCT) » 2hfedrsh = 57 o

Subject Matter Knowledge //—\Pedagogical Conent Knowledge

_3‘,; %sl Ir’;%;\ ?f% F\ e J-r.,g)&

Knowledge of

Common Conet | Specialized | gyuoret t(&rgS)
Knowledge (CCK) Content Al e Knowledge
- SN FAE | Knowledge TS of
(SCK) curriculum
AP F A PR AL AR
Knowledge at the
mathematical Knowledge of
horizon Content and
b i Teaching (KCT)

R £

\_/

W 8 #cF & w3 (MKT)

F# %k : "Unpacking Pedagogical Content Knowledge: Conceptualizing and Measuring
Teachers' Topic-Specific Knowledge of Students,” Heather C. Hill, Deborah Loewenberg
Ball and Stephen G. Schilling, 2008, Volume 39, Issue 4, p.377.

Ball# 7 /|- = & Shulman 4 = 5 A # + » 12 ﬂt??ﬁi R RE L E R B A
% 72 > 3 Shulman (1987) ff«tﬁﬁfr’*é\ #P popEs (content knowledge) N S i iae
fer g p 7 @ (pedagogical content knowledge ) Sifi 2 “# 5 7§ & hlicF foah” > 4
A o :va‘}‘ri & felh 2 (R &% > 2009) -

- E A T R DR RS K g ha e (Hill, Ball, &
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Smmmﬂm®°&§%§%$—ﬁ*mwa§ﬁm % i en(specialized) it o < 5 1
ST R g Sl o 0 AR 4L E § 24 & JE chae 0 3 BT Shulman Atk
FPpFAE R P R Ry e T F e G enilicF Aok § watH R B
TR R HE e Bl L AT ML R R R A F %me;wa

SL.3 5.8 g8

8 4 8 8 6

AL : e flif i 9 5e i AR T s 7

RRRE 2 btk B 0 L P A?

é_fgi,tu;,aa—é;l] ALY LA BRERZERS R A2 EREEAE S D

H o e ;I;K RERCHERGTme o B f’r‘;‘#g’f"]/\ N VR SR JE Cof -

ECE Bk o e i V’.er'gg—lim?:}:é-ﬁé’-l}gﬂf,z Ry NP (Mf - B B

B fechip|dic) @RS RRT U RA 0 HRF A T F &) eRaa 75

AREY T i €87 g dOCRIETN R - SR UFE E 0 KEF R R L|ETE T L1
iE TE P ARG ATECL P gd o

HET R R Ao o BT AR R AR

- AR A S sk
A EBNE DY - BE G LR

307
— 168
261

| 261 § - BAEEDOE R X FREP OBV IR
=‘ﬁﬁ§$’ﬁ?“—%i*%°*m’kﬁiwiwmw—%
o R FORE R RRFRFEFFAEFNRTF] ) A 2 % FE R
P LR - PR o JEF DL TR G - PR TR A SRR ET R ik
I8 gk o

SRR AL A

I

FIE4pe fldantE 2  HEFAETREAFEELY  BRErEA K EI Y
°F - {Q,\.—a“:’t{%‘“mw/z P E WL RE R RE  F 2 ¢ wnbrd A SR DE R
PRI A AT g REFRF M { AR BEEARE R AH

SRR ke A

PP AHE 0w U RS R R A LY BREL A it 7 0 A BNEE o R PER R
ra’g £l ﬁ*ﬂfg AR NE"Fi fa ? Lg’f{ kamlliﬁg;{l’l‘}?' U T g 4 ar-H R R Sed arry 7R o
w S ER I s 0l

S5O

;__?I%fm_@ﬁiﬂ ’Q%/\gml]]'}"’Lln\i—Q ,_+_
Benf %4 DR SERERE A 3 A A D
ERN - KﬂfﬁgT—Qm°

ER R

YR i F R T ol
e A X ;ﬁ'{_ﬁ i B%‘c.}i‘r_m& %
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Ball&= 3 E R R

7/
«g )

@ Y
.__p\.‘» =S

PF - o BEREL AT AR ARR Y £ R i 4
Tho 2 S BE Ear o Wik Bp ¥ hEE T4 %ﬁﬁﬁi KEAH2
R RKETFS PR G EFAOEE o AL

L R

AF R S S S

- BF ek A AN - %kak%w*ﬁ%m—%ﬁﬂﬁiii%%ﬁ%
mgﬁﬁ?%ﬁﬁﬁhmmﬁﬁﬁ BEAcT - Bifth > @ L EFH - F 2 ok v

‘:E z_ FIB‘ mﬁﬁl m "a Iﬁ,m o
B PR AL F EMKT A 5T A g v iR RF it ot 4
17o$ﬁﬂ;ﬂ4uPCKéeﬁKCTAKCSnma&;Liﬁréaﬂ‘6 SHEEE B e 0 1 ﬁ*
SHER P EERELE
% 17
EERFwpaii i
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