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2 g AEE Bajo] gdct oy 1
el U5 FeldME B4 7159 2443
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A FAER ojFold A7 AnE An
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of X3 Yo} Matz, 1979; Davis, 1975),
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AF7F F2 o] F ol A $rH(Usiskin, 1988; Booth,
1984; Kiichemann, 1981). W=} th4-218 =%
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ol 2 W4 B3 Fxo| BY o
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A 2 Az 7ol B9 AN 2He FUG
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zdon], @7 o T 7o oselA vz
EEAYE AAGE S 242 A,

£ 53
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T ARE FHOE SudgodA YAt F
HE AHE 5 UHEHE,
& Linchevski, 1994; ZJ A&, 1995). Y&71¢ o

1997; Herscovics
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03t J4E AFAe E3Z K Wheeler,
1996). =g MY AT ddFH ATE =9
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I CHAE AbDO| BAISHE 24
Freudenthal(1983)o] uwlEwd, 3817 749

BYRe 270 AT BAH & AR
fasel 1 BAL JesE RolE, gepy
2 AFINE t5A Alne BAL Hek)
AL 59 AA1E W ol A
A2E 24 Bast A "ok old W5

GABAH BHAN W5 And Jl9g
2E8, HEe] ANED, Js-doisy B
NN th5d g TS g4l P

AE EA%T. 283 olzg A4y B4
2 B3 9welR day Ane 23S EgE
st StadigdA daz e d$F Aln
8A4E FEUT
w4 g FA-RAF 164 7]
7N1ELeE Fto] 1 o]dF o]FE
o] A&t 7o HALE BH, 164]7] oA
NAE WAL o] &8 FA o] =g o]
Fol o, Katze o] g o] f 2 WA A
9 Eo] Y& dF3e AL d59 4o
Z HktHMelillo, 1999, #<Q1-8). upela] wpA 2
& o8& EAs|Aolgte BHAAM UE B
q'tﬂ, A AbLE HAZ2 Y Folo o gl
71 &2 41 ofoltjolE ou]3lA Hrl 1647
oldel gl dxte} FAFA  Descartes?]
{La Geometrie) ol 3 Alxre] 7|dd o}
& EAE ZolE 4= rH(Charbonneau, 1996).
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2 F8e A Euclid®] (&) 3} Pappusel] ¢
3 YA e jstelA o] E3tE H ¥
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A AL "A] o]E3 QAEH B
2Ao] TS AHE & 3 Aok
83 shde] G493 o3| RPN HY
Bgel sAge) AW A% anl, A
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292 d54 ATl 9P A5 dolaty ¥
4 pdz 4830 U5y An HY A4
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Hetug, #2 7158 ou|sk 24 o, &
A7 Bas] motshs Aol avEL. A9
of HEME B4 15E 2HsE B o),
AN, #£Fo] BIAE AHAA o] F o=
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0 EF V1 239 A WE7t Ax
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A A sHolRE, ¥4 7EMPE A
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SHg. 94EA $AE BN FER 954 4 A4 BAA9 BW H9E e
Al FA-t o }Bi—}‘g‘t Ak A HF@ Al 840k gy A e FIie
BUE AL 229 VY AWH AdAG. BN A5 £8 FAG Azsol sz
BANe) AR EANE HHOE B FE 2, olR A4 BA Jzd dF 54 Ax
UL AFAR st i B 5 e FWHAAM B 4 . 3, 3E 4se
ool #Ae Aol Basy) Mo 1 FHS sz A4 5P Jzoln, WAL
93 HR-ae) 458 BAAY dUE  BANE RTE HE e 4ed A% )
AR 24%) ‘#AE Fodte TH YR JdF2 23 oy sA AEESL Y A9 A
gtk ol Aol et BAA ANE A8 Fu smsiua w44 Aer] dge Axg
o 24 Aole BAS el dez wwE  ANshE Aoz, ol AdME A IS
A EA RS delsior sy Mol A5 Ba 715E AHES] WHNOE ABHE A
doigty 2L o £33 ued Ax 3 5ol aFHlel, B4 /5d fF 57
<SEI-1> 43 Alust h4d An 8k
T3 Alal &84
A e 25t 4| . 4]
#47 A 47 A,
MaAH A E R
RP-in W55 29
AR anel da w1
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£49 34 59 W, a4z, e EAA Ere A4
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9 4 529 @ a4t "o GedAE
osh BN 1 WAE GuFz B
of FAst 4, #3424 Gelq 2PHE

FH AL ax e ek AHE 2
ot

LoEASH 4, 33439

AR 8.4

rtd
'
sl
2
9
)

7} &A% o) BAY e Abx 82

Foa sd SudsE BA9 o4
¥H AA9L glen, 1 hee 2A9 AL,
49l g A9 Anoz oo 3. A%
4 BedNE EAE A8 A8 dehn
2ol & T gAY A & i
A Hed, oldd FsHEEd g o
2 AL @4t #dEo] Utk oA E
Ao A3 ddd gy Al 2428 diFF
A A, M, FF FE, dFHA A, W
FE, A4 72, uY, #d9 Ad F etA
AR 848 FRIY duEr|e

1) th33Q ¥a]: Freudenthal(1983)0)] w=
9, ‘A de e 4 dSE Ao o
AR A A BgERo] digA Alaref A
e e ¥4 E99 d=E Zzxsy] 9
& olth 2, ‘W4 dele 712 5 A
A dd Ado] FAHEE Fo A,
HAE FAste 7oz, oL 8L wE
ol ded B ofzt wFEHA J57t

A s

A @A pdT 2, WEEA A 1947
Adesst AEE ARAA Fad 4B
Jge B ohie exg FRE FgIA
gA9 48 2YsE FAE QusholA
24 48L& ¥k 44 F%E 77
THANN AE TAE SUT W, BA 4%
A4 B 58 ANE e 5T As 2
AE EYRE WAE ART 9or(B3]
9 29, 2001, Y7 9 631, 2001, ‘HFH
A'E o Yol B@ olgH TAZ &
£9 Qe A e 95d AT 8
Lot}

2) W5 F55FAN Whol BF olE
W4E HEse] fase BB ojsste
2ol o Aok @ael U@ olsie Faus
7 AREE 2R 4o A GANARH
Fsaher s, 1 AxE o A A
A4 7H5d WFY Iue FEFAA o] ol
Mot Boh. o BHH, BAg} HolA WFE 2
WEE F, tohAL e ¢ 5 09 9
Hlg AUA Bk, 1997). A A
d e It APl WSS gL
2H, BA@F7H AYL Qe GAEAG E
St %o GnE WA R4 5+ A "o
Hiol Wae) gnE Wk 3 B
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A
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Fugae avdt 2550
A #9 4E2 dRE $¢ 249 Anwa
& WA 249 4 shte) gz 1
T gRE A% 289 PAE ¢ A 2, B
A% 4% shte ooz d48x 2@ A
BN ok 4o gre Avse 2AS
A3k AL oF BE FFolA Aot B 5

Atk 2 49 EAE BT ok (quantity) S
a2 whgel £3 Qomz, S} Exzh ou)s

°
YA Agd 4 glon, Foln
AN ko] WaE shotete] BAs Hoz
HelE $2% 488 86, gea
G4 F2e Gadse dgdd 27HE o
FH AL 24 7hedE st "

4 A A d5A e FA 4
G4 ARD BAS Quste] FolW 4y
Ao g FH3+= 7202, Freudenthal(1983
THY H4e deH dFE FRI}= 2P
A Mo Motk A&dME F9
AAol & Atole] #AVE FAE dHAste
HANAM vtz dehded W), g 4%
= Folx Aol FAY g F3 HHe

%
£ e

2 2FHD A o|AE tiger Adg &
PstA Act Qm#ﬁ_}oﬂﬁ A e
g FEANE B4 4¥e Fooz %

AdAY [, 4% 2L 7158 g doz

TREA AGEc 2en FR SR
=AY 2A 48 B4 7155 AEHA
Adoz Jeis HA0A geHd 64
of 27EL oHF WFHY e A
N5 N EdHon Ydsu AL x4y

i

R

Ao, £Ash Ao ol

2% 4% e B5A A gtk

5) W 3}5 E(transformation reasoning): W3
e Ao WRe T3l $AA AL o)Zoly
= AAelA aTHE ARR, TR o5l
o T2 ¥PAMN Fag L& Ik 4A
G5 Mol BAl 3%E £AY Hoz
dehitd 292 2% Aolgw, ugrese
Ao W¥l a7RE deH AR azo]
o Awdez E449 WYL FEE
o] st Hsl, ra;-%%% o1&

Ao MydNE BANM 2 ot ¢
AASn FEREd FHe 1 o A=A =
o olgH®, FANA Fold HHL oj¥y
shefatrtel weh £A4e wdol e
Y, old 77 eA w¥W Ao £ A%

_,J
rir
2
o
o

=

B Ee Fil 2490, 2 due 99
gl Hpdoz BHsE BN WBE
2o 49 Wys SAWAL detde 4B
S mA BBFEE :

5] A Aoz, BAS 4o GHlA &
FHE BFH AL 24 7hed shivh Bk

6) @47 Z(operation sense): GAFZE A
o 2R A A3 5B, 2F, 2es
$9 AuuAD A ASHE AL 8ol
oo @ugae N2 e 43e 589 21
42 shbe) gyes mHd Az o 4%
& AR & W 27Et Ve 2,
dolas BAS ddsks BRA 2l
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School algebra starts with introducing

algebraic expressions which have been one
of the cognitive obstacles to the students in

the transfer from arithmetic to algebra.

In the recent studies on the teaching
school algebra, algebraic thinking is getting
much more attention together with algebraic

expressions. In this paper, we examined the
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processes of the transfer from arithmetic to
algebra and ways for teaching early algebra
through algebraic thinking factors.

Issues about algebraic
1980’s.

foundations for algebraic thinking have not

thinking have

continued since But the theoretic

been founded in the previous studies. In this
paper, we analyzed the algebraic thinking in

school algebra from historico—-genetic,

epistemological, and symbolic-linguistic points
of view, and identified algebraic thinking
factors, ie. the principle of permanence of
formal laws, the concept of variable,
quantitative reasoning, algebraic interpretation
~ constructing algebraic expressions, trans-
formational reasoning - changing algebraic

expressions, operational senses - operating
algebraic expressions, substitution, etc.
We also identified these algebraic thinking

factors

through mathematics

analyzing

textbooks of elementary and middle school,
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and showed the middle school students’ low
achievement relating to these factors through
the algebraic thinking ability test. Based
we argued that the

should be

upon these analyses,
readiness for algebra learning

made through the processes including
algebraic thinking factors in the elementary
school and that the transfer from arithmetic
to algebra should be accomplished naturally
through the pre-algebra course. And we
searched for alternative ways to improve
algebra curriculums, emphasizing algebraic
thinking factors.

In summary, we identified the problems of
school algebra relating to the transfer from
arithmetic to algebra with the problem of
teaching algebraic thinking and analyzed the
algebraic thinking factors of school algebra,
and searched for alternative ways for
improving the transfer from arithmetic to

algebra and the teaching of early algebra.
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