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B}(transformation geometry)©] ATH--A &, 1998).
Klein(1932)2 713l&e] 9 Mds =4 A

ST (transformation group)& ©] &3t RSl

A HH 9o Hom SpFsh=H =Rl HAL,

CEREEEE SR PES

718kste] SE Al=stglen 7)shete cod
SAT WS ofolq B =99 dde
ek o A SHAT NS, 1995, A
18). ool WEIseE Esof sk ©
= 718kehs AbE AR AelM T2 A
o2 Qs ek opyet 7]ske] 71 Aigel
AME AS7H] A8 HAgd &%, o
T Mde AAJZHA H BxolM =
3 A=Y 5 A, 1971 OJ%%, 1995;
FAE, 1998), 25715l Fee, waw
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obdzIs}, Y4718 &5 ShEshrl S
7] wEolth($-4 3,

718kl =5718ke e stae #4718tk
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St=Tro] WgE olAlE W] dFFHo|a A

ZkHQl Z9el &R gA b F A

= v ATEAA, 2006).

AZE o (Dynamic Geometry Software,

DGS)E o] &3t iAW, 3wk Hols

wrk 0}‘4‘3} ] =9 A= gA & 5 Y A
]

o] 4dS FEM @ F ATHEEL, 2011,
Guven, 2012; Dixon, 1997). DGSe|A =1 &
DGS¢t BE FHET
S FEsle FHT 5 oM (Lopez-Real, &
Leung, 2006; Baccaglini, 2010), ¥3} &4 7|3}
812 B & (geometrical invariants)S-
et on] A XSS =o4FTHLeung,
2012).

Piaget®] &2 48 AAE WA Jhdd
WgH 338t o] 2ol A8k 1980 Dubinsky
of 93] 47l¥ APOS (Action-Process-Object-
Schema) ©]&2 AJo] 438t S ofHA T
o|2o A, skt <14

& (dragging activity)D

N o

Fehe=AE B8
d#gol A WHOR ZA
23k= Al ~7ulE AwE 4 Qg 7}
3P°ﬂ(Dubinsky 1991), stago] A BHol A
& davt e T2 vAUSS A9

&
o R8% AXF mde wys

gL Bl

ol %

phlin

-3l (genetic
decomposition) 23 A THWeller et al., 2003).
22744 APOS ©|2L AMR3I 7E ATE

(Breidenbach. et al., 1992; Monaghan & Tall,

) 2 AFolAE Arzarello et al.(2002)°] &8 A7) =
. 2014a, 2014b)ol] 93] A=H 471x Yy &< 3o

Leung, & Lopez-Real, 2002; %27, A&

1994; Zazkis et al., 1996; Meagher et al., 2006, 2}
3%, AAE, e, 20052 734 Add, §
T, A, o, 7 59 22 W8l JeH
o] AN, GSP(Geometer’s Sketchpad) 73 ol A]
A Uee 22 @ Y ATE A AU
o 2Eu B5E 2o SHds B
o] AT, 197D), %Etﬂ e A
PP ol WPF) TEE RAFOR
el Ul e} Zlstatael ulge] gz
" T U AES AFAFH(EA
1998; k17, 2006), A EFHAHH T Eﬂaﬁé—iﬂ
o] Ao ’rEES Bo Sust &

ATH= Hol|Al, GSP 34 o)A 3l e &
TS g e Ade A mds Al
= AFE 97t dS Aotk

wetd B ATE I S840 HlE) Ao
2 @o| FEux Y U Gl A
Y59 GSPE 83 FeHst &5oA =8
e E RaE AN, el dEue

AdE ol o G52 BRIMe] T8 27

B

Z5 = FFo] o JTE = Lot
Huzk gt ol& #fsl vt Zol 27kA] AT
AE AAsAn

7} GSP #AolA e tEwEY g
oGA olsistErt Fewdke LAy
= Folelrp

. GSP 30lA esg

g

o
=
o =1 #Ee oW dFe sherR

it
de o

413 A5-E(Baccaglini-Frank, 2010; Leung, 2012;

TFAHeR JeF ':EH:/_(wanderlng dragglng)—— o] el FHEe FHY RS TH] ¢

A = Jbsd 'S AY §lol TR E(randomly) =21 k= Zola, <hld
A7 AsAM =1 sbEd g = sk o, A A

dragging)= 543 =¥ 9| FEE

=) I(guided

# =@ Z(dummy locus dragging)t E=FolA WAE AAoY {X3t7] $13 FelE BEI] 8

‘2 sbsd A& S EA EFolu AHE e Bl
tes) 2 A2 FZ2S AZsty FAHAH EFo] 7% HAL BESF

e =0 St 3

[e]
25

]

I, apAlEe 2 =2 7 S(dragging
2 eolry] 95 A ﬁie w2}
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OI=2% H{H

1. &5 (congruent transformation)

7t gEusel B8

8ol A ¥ Z(transformation) ©] 2=
HolAd U2 Ho =2 ZI/|AY, =85
S22 &AW, A& o I

A& BT ®do|g} 3, &

At P,Q Ao ] ol 1 i ti-Solar FEAME
(isometry)?] A& Lok &4, 1995). ol
AR P& o|F1 YE BEE Hol ¥
wgo g e AME)RHE f3ole Wao
B(translation), =¥ 1 HWH 9o mAE T
AEEe Sl s YB3 A=nkE 3-8t
o] olFH+= I Ho|F(otation), =FS o|F=
EE AHE R AL wAbE AHE Folxl
A=)l s A= A o] s(reflection, HF

Ahp, HA o)l BFYoles S AR
Aol st AL, thAl A Sl FPgh
HE gt olsAZIE  vlHF HEAKglide
reflection, transflection)) & TEH T}

)

=

1}, W3 (transformation group)

=2 71518t d Ades wEH 9%
oA @337]“5‘}% Z2hekd Tt o W, Ft X A&

= <} 7F ool Al
f,gET O]‘?‘i f o gET (the
property) @ @-5H$k i ET(the identity property)
@ fET oA { 'ET(the inverse property)S Tt
£ uw TS HESHAl W8 (transformation
group)°] L (Mgl 1995), RE FFWsH
o FJe T& olEth FewE [l FA
st 238 Qi HWgho] EARITHH
3te] EAAE RAEEBER AW
o] Hex gRlsr] fsiMe 2343 o9
o] Z Q3 (Martin, 1982). ¥+ %
H3ko] S Y shte FeHstew 4

closure

=A7d el

©]THWesslen, & Fernandez, 2005).

4

o} B-5 3 (fixed point)Z} & A (invariance)®

A XA W 1o 93t 3} H peX
of 1 zkale] thg3td, = f(P)=Pol"® I P

FEgeIENL i, Xof 2 2

uk2al 1998). o & S0,
DE diste] thiAol5&

o
U
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S
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A
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e

3
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o
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N
)
»
2

& o, o] tiolse 4R ABCOlwt 285

Klein(1932) & 7FA] 718tsha 194171 1 = o] o}lye} akzta ABCSH 24 DEE =
A A2 ShEo®R Zgwta | 2o ) grek Hyw 9o mE Ao tlske] 2e® Ao
2) thAolsole At Ent ofyzt Ao Ahde] EAsty, 3 =F& o H FAE 180° IS

o, —"‘5:‘»’11-‘4 Sy &x3 HA= ;é%—% Aol &oleta shH,

Hol 52 ol @t}

3) t’UlEV‘ HEALO A i o) E3 B olse A= Jajith

4) GSP #ANA g Hg =astes w3t
of EHQ 4Ae FE3] HAA HWAE EA

are preserved by a congruent transformation)©] 2}3. 3} 4

EdstE

239 A FEHT FddA FeusT o3
F(invarinats)©| 2} 31 3}3, $AE EH A (properties which

fa=g
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o, 24 DE 9o RE FEL REdolnt W P FAA GEUS ATS 9 AAR of
Wolq oo mE HEol HEAHIU UAF AT 4 YA se Fowel =37)e9)
Sol gle ®, o] UHolFe WEAe] Bk T Adeld 78E AFA HE 5
=, 4% ABCHE Aoldor AZEA %1 £d9 oFe Wile BHOE HIY & Yo

U=](Hollebrands 2003), WA H
gletals Ao SR AT FSAAS o]l 2. APOS °]&

EF 7 e ARz 23A (A 7} 27)uke] A8 49 84 THe] FEEE

FAY-& 8 F(action), 7 (process), Ul/d(object),

A3l gk 2o AAA] Ad FAET oly]  2A7|vKschema)BhE T E(structures) @} WA S}
g} HES Iukslst= o £&49 A= WHo]  (interiorization), Z7J(coordination), 7}9F  AlaL
= ot} (reversal), %) 2F &} (encapsulation), Utz
(generalization), <=#)|8}(thematization)9} 22 Al
2t s £t wgAA Z Wl 7)Y F(mechanisms)& F3ll 8k /S o
&gk TH(Amon et al., 2013). Al 7FA] 718 F=2]
HPolse 2T drP olF dAgE  AF, A, S vk BEe 7EE
o} ojatre] Ijzo] FFPolFow AHI AP I-1] FaD).
ol se 25w of v FRI et Mo
Eyo=z At Fotuw 33hdol A9 o]z
A
T Yz = tHolFoE oyt 3xo] 25 ‘—\-\
T 25%w o #& ‘EYUP olF Fdtuel e L
A AFEA FethasasrlEr, 2010, F i R ) ol
SuolA FASE WERUE o) 8T =215 w R
£ SAHE AP dEE vieal dARr —
oF o]xjgheoll A LEjze] o]FolEte Aol (2 IL1] 2715ks} 27]}e] T4 Dubinsky,
ojEste] Waols, tiAolEE AFdH, 1T 1991, p. 142)
StuolAe HBE =UF siM7IsHE A&t
=

oz &H3 FFo ?4_01147%14 dojub= A
o7 2w, &5 AHor yHsHUT
I $ch(Dubinsky, 1991). o] ZA] =W sHajo] A
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=g HHEL A7) Yo o HA Te 7
e BT s 71ze] A AEA D
& AL A AZAA E e 34

< NP slauzd) MEE AHe 4
st 74 H AR Eopr]% drkAmon et
al,, 2013). o] 5ol 23l HIPHE Ao
Vs o 11 Aol X BolErt HAR
ofsle]o]) o] HATh Frh(atss 9 29,
2005). FAEE 27|07t o g HIkEo]l 1
ol 5o FHEHAY Hgo] A8+ Ue
HAYZ| 2, S-S UntstE 53 Axlo] 71
I e FHoERH NEE AHE 7Y
=tl, 53Hassimilation)®} ZZ(accommodation)
o] 25 Rks}e| of o]t Amon et al., 2013).
A& 5o, T 27)utelA AF HER A
= AL FEA(EAH AutEe] FARA o
© T AANR A ol FlA AT
fon, 4% HES A AdstAY 4

& 2R AL AdsnE o ¥4 BEA

xo

2~ 2=
%‘_—‘T T

Isted

st ool mYPuss

et al, 1997). At ato 2 ¢ ~7nlE TS
L eSS Ao E sty 1 JE ¢

438 4= 91tHAmon et al., 2013).
[ R |

W B el AW 53 AEE o

3] 98 A Favt e

HAYSS Agste 7 =Y
gk A7Abe] wa - 35 43, APOS o] &9
gk A2, 8 22, APAT, dAE AAE
g2 3t qHEoZl o H](preliminary) LAY
AZFsHE Zlo] dnkHoln, wAyA Fa
Aze} A FAANIAY A=
A3 A% dF 7Hd

AH&-ETHAmon et al., 2013).
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7 22} (manipulation of points) ‘

s 24 N\

l 3+ (function) |

sk

@ 4 o5

(single-point movement)

VLI
| =4
| % 9] (definition of transformation) |
N\ s
W3} 31 (identification of
transformation)
/ HEst

EE=AN

| =4

l =& o]F (figure movement) ‘

l

=3 o3 \

(28 1-2] g5wHske

ARNE "o 9tk
BE H3ols
HAZko| A g 27
Mol Moz o]Fdle dud teS o
s)3t= 21L& L3TH(Hollebrands, 2003). &, <3<

A [e]
R =
27)0FE AuEE e FHols Folzl

N

o\ T
3 9 o
5ol 2L HHH AT ol

WG, A Pow

thoolAl o] F sk 2A 2uhst @4

27vhE 24T + A= FYe FEudel

4ol g2 AREAY Y5O EAY F 9

dE, A

5) Law(1991)2] A7 th/do] @ Purdue University?] o|H|25 8w wWAFES 22
deductive geometry course)S 2 Fo| gla, Aol FE FHAX7], HYPolF5S U,
W7 W&o, Law(199) = FsHI HoE FHoZ HHAY PFo= £

A 28 (Law, 1991, p. 75)

g Ausianh dF So, ‘& A olF 27
E 7 AL AAFEE Ao o]sAX
FHimage)S =T of, g EAAHF NAZ7HA
A& Aol 1 AHFE thAFA Dolxl A
gol &S =t 22 PHoZ YrXA
ggEE F HAME o A3 51 A HE A
How Adste] ehgsith v, HE gl 2~
7P E 71 sHE 7 dEEFel AAE o,
3 =30 e =3oz WM 5 d=A 9l
A #wesb] Qa7 =3 WIS wA
gl webad e ld gl 7P E
wWasgtsta, < 27 ~7)vpE shte] e
2 Jepslete] 7 27nkE 2A4E HolloF dF
HE NS olsfietAl Hrh

2) BT AP BAH B

Vidakovic(1996)2

oz EaHTE

P Adel R kshel

shalo] gk Al T

SL]\
Sol, UFol5e Lo HilolA HRskE BF B) AL W Ao 2w AAw dnkn

FAsk.
6

=

4ol 91X E ofviae,

Law(1991)+= &k (orientation) @+ THEA d %32}
=, H 22 27)vpe tide] Holgte AMS
2E Ad, & Aol HEY AVREE ol5d AH,

7P A FQ3% @45 X (location)©] 2+l 3}
Zere o, deo] x| g Mol M FATA o]
g Ho| A Z7A] ol2& Al Yall A A= ol
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T 2710 G el A ol
Bolef, o, Wgke #H, THZ So) A2 Ade TAsL, BF, B, e T I
27\nt] olei® e Bobstel §4 2vInE BeE 4 Atk
FHGF 2710
- B olge @4 YL 24T & Uk
Y Flg) e Fylg)=f - go2 AT 4 At
EEEaEs
U S T D8 U 5 s
- EUL I sl T el HHe 24T 5 Ao
- 29k yol 9XE WERR yol Hhstel E 4 Atk
[@% 271, @8 210, 985 27nke 29kl 3ol 4844 5 Aok

[29 11-3] 33 8<rel d3h<o] WA E3)| (Vidakovic, 1996, p. 311)

shell =gstd s 27vks 7S ¢ 7o e e 2F uE Zelr] e
2=
T

of Law(1991)2] A=A E3ol Vidakovic(1996)2]

Aol WA Bl Tlesr PR el 719 Ao dAE, o
54 715 Beld Fad 2ABE =2
) B ATe] ol wayH e g0 WA Ralo PARYel e I

A ez ddsigith mEbM 2 AN
Law(1991)= AD&ANA 229 =% 7] Law(19D)] F5HF 2702 7Ro= &y,

3 UL B Aol Qi 1899 ZFemA v WA FAE (2 1418 Lol A

& tdeE A TR dEHgdr], J%7, o
=7 7HA AL ATEkATh B A dAs
3 S tidez GSP oA wmmE P wk
AT o] Hdelse] e X Ul F

GHels, BAels, FAels =710}
@ERE del 34 ol N

ol ~7vle] Horael WE B9l 27lvte) s xAe
3 o5 27|vlE AT 4 sl

2 o
]-ﬂ o

EFEE R
L E olge BEWE RS 24T F Ak %
- ;e WA pstate] Shtel o AZE 4 qlrk

[2¥ 4] £ A7 o8] ZA5 E3
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olaf e} T A=l
AR A5 s Zlo] Hetsbr] flste &
A (qualitative case study)S AH&-3HC)
A AT oE9A I RE BREES0] By 3}
o] AAE o] F=AE olsfisty] A Wt <tk
o el sjdola, A AT FIEE AR
FEFEE AAsE Zol ot} olE ol
Aoz ARgskE Aotk Maxwell, 2012). &
A= GSP #AoNA FEHd JNde olsfst
S EY] AnAAS AuRa, T 9
gstar o=HQl FeAgS sl o YA
7} d-ZHteacher-researcher, ©]3} ATAHU AA
Al A7 R E AAE AN

Piaget®] /32 A (clinical interview)oll A &)
H 4 AF(teaching experiment) > A7to] 27|
Z%] S(self-organizing)®}  A}7] 2% (self-regulating)
o] 7bsdtrh= A stell 3] 3H(students’

rr

<# I-1> A7 FAse] 54

sy

mathematics)?)-S Aol ZdZ 33t
B 5

o] FA3HE 27|vtE AbeteE A& 7]
2 3, A7ae Ao o83 AR A3
Ay 7nkek 7P ou) mda Alx}she]
71 A9 AF, 7MY AFEolE=
ARt WSR-S 7t
(Steffe & Thompson, 2000). ©]<} 722 wZto|| A
B ATE o84 B4, o dAe ¥, A=

S37 Baje] 30AR o] RolFT},

B4,

<%

Aol 2

2

S

2 A7t 718y T8 FEEE TIEE A

22 FHAA HlEE £ e ARE A4S

THFaL GSP &7ollA FEuge] ~vnke 3t

ohfjo] AAH mAg A Aoly] wlel,

ATIIARZA LuSPRTE GASFe o

A5l o Adsithn gAY, fEe=
]_

SHESAD, Feam, e, A9

r

o =

S
=
=

Bk Ex]
(7]_%]) =53
A} FolAW B B Qe FASEE Tee BATh Aol REE Jee B4 1
A9 Ao AEADA SN A2 Folc Sl AT A Jaslol ol
) [RE ool B F Y WSS SR W OSSR 5% AHAE wolE oholglek A1l
Hgolste] et SALFOE o AT Bol HBHU
jep |11 AAR) S0, the BUI 02 SIS Aol Hojurl, Holdol sl
Ly | EPECIE ol AABE A lgolst AA W Ko, AU B AAE A=
R ETE
oy | T AR Al Fs] A A SAoldT Adlel A 4w wold,
“O | @Al AEe ol sk SAlolTh M2 ulgel BAlol Bx, 4% sk Ui FAl a2l
) |zeas g 29 51018 e vl AHo|T
ca | UFU AT Euold el HAE & EUAA Kok Go] Sl WAL Eold
=28 lam 2am sasieie Aol AW stlollth 31 AT B He) xoole] oHE HAR &
= oFE Hol9la, 5Y0le =S Ho| Wtk

7) students’ mathematicst= YRFZo|AY B

oldE EdS 9| rk(Steffe & Thompson, 2000).

HAA Y
23}, mathematics of studentsi= students’ mathematics©l|] ol 3k

g FI4E

o] ofd Ao HA(reality)ol AT
A2kl 3243} students’ mathematics2] 4F
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ort &2

TR=2-=7

2] o] AT <3E 1M-1>2 AT
o A&t A A FAANAM BRI

<E 2> 2 A7 I9A 2 £ UE

=50l

ot

2. A €A

B A= 2015.1.24.8H 20158.17.7FHA] ¥
HATH<E 2> JF3). 25 -85 A8, A3
AT HAE, APOS °|& EB4S F3) oF 27l
A= ou) @z B uldsda, F 834

F4 T 12280l AFdA g 2 B S
S ga dWE] GSPe 7S 9=

S wE JH3en, 2015.4.17. %€ 2015.7.17.7+A
HsAske] Ao, gkl A 2 AEe 3}

o FAE S B AT

r
>
r_‘w_l

2~6].0
THE

A5 el 3 A4

EcR
2 A T 4 TR AR
F24 ¢ o
4/10 TY APE A% A7 A A 1 So2jdigeo]d & van Hieles geometry test 90
413 B e g 2wl 2 GsP 71 7% )8l %
gEugel Aol dEane AL
417 3| olalsla Gsp B Bl EH B | %0
2 =381
FEuse) Qo gEane Ade
6/12 4 |clalstar GSP g A iAol 3Hels,| 90
1 AL 288 A5
S 78, AR A% A8 B ool S . el o
o1s | FR T BHe BAG olgolAn, | 5 | Heotd WAL wAcIEHes
_ Balol’s, 570l e
B4 A T A4 2ol wgE)
YEae B2 . T dEuDel ue
022 o sl 4 sioks] %
yEage) B3 T gEusel gue
" ’ Awsta 44 selsp] 0
7 g FEusel FTHE =Y3b) %
7/18

8) van Hiele: 713} 8t &3S
A3k

AEE A FUE APl AR, 2005).

SR R, 3 FEEGAE B F5)) PSS =Yoln &
HAET 44 Aolo] BAT X F Qov, £39 TFUAG oA HAE ol

AL,
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3. 229 T4 AstFe Gets 2919 FEmAllA 71 A
E 2 A4S ugt <F M3>= Aol uidh
B AT o HA A e A A sl B FaEdES vEbhd Zlolt
ToA AHEE EAES 35 GSP 74 3
el 23hd el AjhsA A8,

<3 13> 2 A7 £ A

§9) FA 35l A P
BA 11| dEwse] Ewy
479 ABCE WE DE (M4 D, =34 | 4 12 R
A E)‘i‘_%i Holzgt =S st <aY = 13 s=o Hollebrands
- _ U proget
1| 1>2 9o} Gspe }%-s}oq °olg Awslale) —— ST (2007)
T B AR A 2A 14 B A
EA1-5 HE g
A4 1-1 Wk BWA
}1\:}'2}?—%} ABC X" Ooﬂ NE §47q°] §_ E—Eg _r_;(-“ 12 1?_%;3
A | AATEEhS sk, <3k 28 Fof = 13 . Hollebrands
2 | GSPE ARgSl] Amseiek@He] FAlol |- L (2004)
A2 Rl gleh) A 14 5 A
A 15 3o A e
A4 1-1 FEHgte] BHA
A2e ABCSE 1 WiR-E A& DEC| thA ol 24 12 nExy
A | 53 =S sty <9 3>S o] GSP = 13 )=o) Hollebrands,
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Gifted Middle School Students’ Genetic Decomposition
of Congruent Transformation in Dynamic Geometry
Environments

Yang, Eun Kyung (Graduate School, Korea National University of Education)

In the present study, we propose four participating

8" grade students’ genetic decomposition of
congruent transformation and investigate the role of
their dragging activities while understanding the
concept of  congruent transformation in
GSP(Geometer’s Sketchpad). The students began to
use two major schema, ‘single-point movement’
and ‘identification of transformation’ simultaneously

in their transformation activities, but they were

* Key Words :
A1 &)

Shin, Jachong (Korea National University of Education)

inclined to rely on the single-point movement
schema when dealing with relatively difficult tasks.
Through dragging activities, they could expand the
domain and range of transformation to every point
on a plane, not confined to relevant geometric
figures. Dragging activities also helped the students
recognize the role of a vector, a center of rotation,

and an axis of symmetry.
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