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Descriptive Statistics
Dependent Variable: AF-4

14
h=}

A

Mean

Std. Deviation

Gl

22.80473684

14.69839019

G2

49.04761905

20886397

G3

33.775

2515642001

55|82

Total

36

23.2612318

120

<E 10> AMEF4X2f ANCOVA

NAg 93 AWl 24 109

Pairwise Comparisons
Dependent Variable: AH%A1 %

oy
A1 4| Mean Sid 95% Confidence
¥ | 4 |Differen Erro‘r Sig.(a) Interval for
2| A jce I-D Difference(a)
Al A
LowerlUpper
Bound Bound
-24.663914.3231212.8415E -14.15815
1] 2 6443 5239 07 35.1697723 655
3 -11.1341|4.3767710.036938|-21.7703000{-0.497919
© 10974 7438 033 7 41
24.66396(4.32312|2.8415E _ _
211 443 5239 07 14.15815655 (351697723
13.52985(4.28918|0.006182 23.9531914
517902
3 469 8502 559 3.106517902 7
11.1341014.3767710.036938 21.7703000
371 974 7438 03 0.49791941 7
2 -13.529814.28918]0.006182{-23.9531914{-3.106517
5469 8502 559 7 902

Based on estimated marginal means
+ The mean difference is significant at the .05 level.

Tests of Between-Subjects Effects
Dependent Variable: A543 4

Sourc
e

Type
Jui
Sum
of
Squar
es

df

Mean
Square

Parti
al
F Sig. | Eta
Squa
red

Nonc
ent.
Para
meter

Obse
rved

Powe
r(a)

43335
7042

4333.57
042

0.001 10.085

10.874
49723 39462 ;1066

10.87
44972
3

0.904
94678
2

13801
20289

6900.60
1443

2626 10.229
2E-0 91240
7 6

17316
10751

34.63
22150
2

0.999
75928
3

46226.
88829

116

398.507
6577

64422.
325

119

a Computed using alpha = 05
b R Squared = 282 (Adjusted R Squared = .264)

a Adjustment for multiple comparisons: Bonferroni.
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<E 12> AlZ4Eel Hin BEHA

Descriptive Statistics
Dependent Variable: A &AL 34
A |Mean Std. Deviation N
Gl 156.91891892 12.25057454 37
G2 |50.04761905 12.4859968 42
(3 |44.43589744 17.83962897 39
Total [50.34745763 15.14961122 118

133

<E 13> AFHE ANCOVA

Tests of Between-Subjects Effects
Dependent Variable: A #A %54
T
yee I Mean .
Source Sum of| df F Sig.
Square
Squares
NRAAE A 9312.9600 . 9312.9600}72.840908(6.93555E
58 58 06 -14
2730.1410 1365.0705|10.676839]5.6206E-
Ehss 2
46 23 14 05
14575.291 127.85343
Error 114
2 16
Corrected  |26852.754 117
Total 24
a R Squared = 457 (Adjusted R Squared = .443)

<E 14> AMFEME Ech| 2 (Pairwise Comparisons)

Dependent Variable: 4 &AL$% 4
D] (D] Mean Std 95% Confidence
A & |Difference Erro.r Sig.(a) Interval for
i g d-D Difference(a)
Lower|{Upper
Bound Bound
12 4.41912192(2.565575{0.087696]-0.663264|9.501508
1 894 622 165 007
11.8289110}2.596086|1.3137E 16.97173
3 1 511 05 6.68608363 Py
9 |y -4.419121(2.565575)0.087696|-9.501508|0.663264
921 894 622 007 165
3 7.4097890912.523253(0.004015]2.41124363]12.40833
3 353 336 5 455
3 | -11.82891|2.596086|1.3137E|-16.97173|-6.68608
101 511 -05 84 363
2 -7.409789(2.523253/0.004015|-12.40833|~2.41124
093 353 336 455 3635
Based on estimated marginal means
* The mean difference is significant at the .05 level.
a Adjustment for multiple comparisons: Least Significant
Difference (equivalent to no adjustments).
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3) A 704 3Hreconceptualizing)

Nemirovsky(1996)E 713 ) Z(symbol system)$}t 7]
T AH8(symbol use)3te] 54L& FEEPEY, 715
At FFE g4 Azt | A3 o] Ao e
B3 dete v, 715 AL AR PUg o4 §
4 #AAd dg F2 33& £¥§Fda g a0t
oA F AN E TR LI ojfE= FNEY F5H
AEE A% Z5ehs nUE ) B7A Ho 2udN

A& 98 2 227} JdoE Aot 713 A 7|
T A Y EE 143 H1 FAE AFHQA VE

AHE Foln FASRYH Ad2d YL Ao} A F
AQ7PANFE ARse] F4dste] dujg Pux s
dxgt & 5 ok g 5o, ofE & adzE 3
& 9ol 2tz 248 Saste AL 184 F34
RS s ol ot FARAT. 29) F
gotd, 7H EAQ S5 TYLot Z RHES o
SN 4F2 AN ot oulg TANA Yke
2ol stgit.

2 AT e TR 4% L FoR
F AT FA0R vHro] ¥ R K, O
HolEE AWl st gy 2= gPoz A
A7k A& 8 5 AT ole ojv] Aade] P44
9

Mo
2

ol
s

o

g A4 DA ol2AI % B7En B A
Fotel Y AR AZE AXE Aolg @ = Aok

[24E 5]

A 1 y@e A7 ALY Hol#)E sl

S 3 olFA s A T

3 2 A2 g FaF AU HoA.

A 1: Tole-.. Jgro},

4 2 olA HAsE Wl AR Sl

S 4 oA THI?

A 1 e xghs F A3

4 4 2W AXlelh A EFelA 29 L2delA..
1 oS g A Hol?

4 LR ARl xghg Folg 1.5 WAt vt
£ Jolyglolstn 3134 & ded. A
Lhskol?..

4 4 a=1 b4 c=-1 of! 2§ 0|7 Al 2EE Hung

< 2= et detdesl)

S8 2 UAZE A F B £ Yol

(28, A 82A 200607.11)

37

9o wHARMG  go] A 2= P&
y=2’+4z—1& T A7)el AFse AR o}
Ug g SASAE ZUL 7ok A F44
¢ BE 7 o|Folx A4 2@ dolgrt Fo)7 4
Qe A&Foz grd Ba PN 73 FT g4
Y 2e aud AAAAL AN ‘ofs, AL 137
wetnste #ee BaY. y=alz—p)’+q%2 v
HA U o] Fol = thA] ZHLE A2 T84 o
agTE y=2"2YLE oA BYolF & 1YY
7te ol ARdE 242 By

T3 WA EANN F dE 59, "o AL
100x W3 A% % Bl FAL ydolg sto] oA
B oA A E1 W Polx, o] & aY=2 o}
BT OA & 715 Wl $XE¢ AgT] g 2
W oe # gu 39 Ay 87) QA "Eo] 713
& gniz dHof stestel e AE S AN W B
3 Aao] BEL HA UL ARE HBeE BEL B
drh. A& W] 71AL 191%0) 5008 WM Z A
H9 § Bojde duldzbd tE B4 AHL S
43e dE B3] “ad £ BujFdo] Soj=u)? Hof
Uh2e 2ol 2Ed Ade 23 gd SHEL 49
ANZT dojd ARE wANtsE A 2ok ol F
e AAESE & YA gozn SYuse ws
o Wt FA3 AXE 4 A =

ol s} TS AL F5e) EHEL o
dske 713 A4 dgelgl @ 4 I (Nemirovsky,
199), ol & AMEE 34 T AYAAF L HAEE
A7k Y% 75k @ Aolch

FA59 g4 RE 540 5HS 2E o
&5 o) AW Jolx, HAEIAE BEFo2
A B2 ojd dlojH ) §4¢ FHAoz Ao s
F52 =gtz dAAE ofn) AFth Bt 19
3004 Ut R o] HazeAE FA5E JE ¥
A3 B4 2 B2 BA 4L 59 goze Jt
T 4L #F FAA B2 FA A AA4Y
#4 39 s AAds 48 252 93 A 5, %
Wik 43S FE 7G0T 28 4 o



.................. R L A% 588 B4l Bolwr} BF & Aoz Yy

""" ¢ Aoz nel AER AHBAINE $43 B4 ¢

geH #% o 248 H2g olddat 2o va dazzd @

.................... NS, e ANE S84 283E 4e vHo] 2ZAs0] o2

<3 3> £33 UMM BHIAEZX|O A urEk oiEt oAe AAY £ 837 ofe ¢ AAUE e

o ol HaEeA #70 454 857 Be 54

V. Az 9 Aq & HE ol web wake el B4 ol

= AaEeAe B4 BRU olFo] fol8e ¥

. $3t] YR 2B HEANE Fa £AH S0y

LAE A Fd 24 ¥ 997} 90 1 99 ge EgAY

e AR B Fro2A A84S AN

B g Sl g A WY agey & 0 ;;}a wj Eﬂ‘% amael A d8 A

O AR WA TN ET A AN AL 0 muwe g A AuaaE wees

o St g o S AR SN uah A AT BYRASE 200 e

_ - B - Mag HYE, W5, Adng 7 Ropd ge ¥
dol 2ANN J=w e Bl 88 FE g0 :

< #H% $ Uitk AT HFTEA 13 15 18\:5

A
PARNL oF B0 48 399 $84 v

ZE(Cobb, 200008 3 VBOTAH, £3 B A
B 298 2ad] Aol ¢ a7 48 @

il o>'
ok
lo,

e o LTS T 43 1593 £88 080 dS netel Fas
T-8FS FAE 4, A4 duATES E5 3PS50 I o|E9] UiF AL ZHo| oldtte AL ojnjEi
oA 1 AE FEARel 9 o A ey sgm wae m9%n) AT9 QX Ao

= 2 = =1 —_ =1 FU's Wy L —
HE AHE MFom AN APARRE WA DR o) sargald aBe dReln uekd A7)
A &3y s A7 8 BAgor FAY 2 olde deoz yen

. Qo e . N ¥+ 998

A Baa A8 B T AT DE-UNT g e 9u soa Hadd azeAs
ol tﬂf_& Lﬂ%ﬂ; e AA 7}]@_% =53l :z}{,:x} £92 20 NATdN IRARdes 248 A3
B8 TSRS, &4, 0 AR A2 AUE FA (i gongeld A9AN AAA A o
BRRAYEE Aeokel TR AR YIRS 2 o wae deiasd 90ds) daeld 259
A, AR, ste] F3s HAGA HazzA o SasaT 200D EF et 8T B
EAE ASUI S| A BILTID WYy gpage mabh slagon SudE 52 9
G TES WS AT TUCTINE AV st AanzAs 26T Sus drlAs o2
N ATHEA DHE FAhn GT FAE Lone wew sun p4deel 9 RiHan
EeluA A z, daseAs BEE £ B9UG0 Y ke

497 @7 ases wode) suw amag we oD Tl T s
S AV TN YA YD TG AES gmogw gavzag 289 £a8 geaed

BN B3 AREH] o F .

FEH g da ¥ A e
FRMo|AN 284 A g3t 10 0% 337h Ane As ]’\} 1.

oA A wReAan 2os RN daEEAe EHE 598 g
A B AR AmE, A, vols, wasaq 00 T e
FRAE veed delanws Basgano oS I T e
W EVE AURE AL AW ANAOIE AT oy gumezs qaseds 2 2R @
EREL 1WA FRY FAHOY AL BUOL I o) AaszaE BeaA g Fag B4
We Bolng AT Anst aFHNL & Alde



116

FET 4E53UE Fofshd F4E FH4 4%E ve
Witk oy ge AddudMe s34 4% &
A% Aarda 4449 APE F7 27U
TARES T vy ¥ JIxs HYEE A
ANAZ 2A1E AASAEAE B8l 4%H S5
A9 dg9F 290 gF F4E S9L 4¥dH
€ dFE7sA BE 27t 5. oL F3
AL A xS 29 a4 addE &
o A9 71l o3 #A$H7] 4 FAHAAM §5
< FEHte HAAMY AEHEEA)Y S0l
g AT ALE AR JlojoRre RETh

old ook E73I FoolAY A1FEAIL A
A FA & FA AP g9 dS0] HAs=
AE 242 588 g £ AARS 4FAA
et FEYD AL £ 479 #9949 AL o
+ 2R AUSE € ANT vEe, #3Y 4%
9 Aol dg FE5Holn A5 AFd) wE Wt A
3] ol FYATN7clE Ak ASHQ o] &7
1 o] F¥setd FAse AHd Y2 FHl
deside A% 459 & €871 Sl

tAmog, P43 o] FHE ATt oo of
Fe A v ¢ 389

qa4 Sase AlE BeAd ol St
ANN AWle 2dd 329 Fa8 =77} HYe
B 71338 A% /tugEds dida B ¢ o ®
3, BTt A7 AHAL #59 BAES o33t
oM AAEE dhygolyt & 4 ¢l:a(Nemirovsky,
199%), ol&igt Ads B4 £& AAAHAE Has
277} g% 7HseA 8 Aeg nad #4549 AAd
3 FA4e FAA FFE YEIAIY) A9, 2
YZE X2 5L Aoz wEAgoezxR & dad
Hol§ & 222 Jedy #dn £4 43¢ g

=X ojsFozN F4d U oFE HIlE AL
B LKA F83 LR, ol HAERAE &

£3toeM o A 23 5870 AP F AE F
¥olg Asdn.

2. AA

7). BAA

AAA Y FAo] u4etE BA3} Fsteiolsian ¥
ANEF 247t QBAo] slojokaty HEE AHAE, 3
PE, dolx, WdTe ZAY H7Pt o]FojAok @l
of wj PALA Y Fdlo] et o] glojolst F
Hojo) AHE 5o Q% TES dstoior

u. assteA g

A, 5 39 oJdsy] ARAE F5d B
B9 fraA e olFol b d Aolojof s, W
3 Py 58 %o Jyz FAE0] o2 s HE
g HES 7T e Bede) 283 Qo2 S
A AR & AEE AxEHolop &k 127l AdAME
$AE g A 71371 JAEAA ATH ok
S Z2HQ BT oA E A FBIANE °E
7) A% AAE =77 ATHook st o | HA
24 84L& F2 =77 2 £ 3
EA, 398 g% AL AR B 349
$& Med & ASYH A&4oz A= daol ¢
e o7 d9E2 zAHojof ¥} 74, ojArge
HERE QAFF R AT FAH FFAA
Fate] 2 & 7B @S A FROE ol vl
EAse B g9 agurt $5E A2 BHEAE 7
goln} 22 olojtiole] fiF B RIYS YAEA
g e @8 #49 AR WEdE o 84
¥l E@F oz gRoa JAY RAN 9 o
% 3334 FRE dE B4t Bk EL B2
Fojn g49 A 1 54& 27t ol o
FA AT 433 A4Hololx FYEL I HolH
PH Anz s AL FAFIF 4A go mEA
5 mie @ - g gl olHE 8ol mHo
of 39 & o g4d F2 TEY RYE 1Y A
A Qe ZF - g Axge| o3

A, A ATHe e 124 AR

of

o

Radl

>0 2 Lok

W

lad



A B 2YZ2 GA8Y A o) AL o) xaea
2 J299A B49 qd 2450 33 2
2 ddse] ANHQ T287} 0|20 xo} 3}{_
ohizl, olgdd Ago] Al ttENE B
o] 34 2 & AEES o] FFHQ HME
o] S|4 gejopa,

A, ojAat=0] FoE ‘=8 WS xo] Zho] AR
¥ EE % vel &= sy me dsEE g%

tn

2 o @ o fo

T2
A

o>ﬁ°§’)‘
2

¢

uolJ
_-i

y=f(z)dx y7t x| ojst o zH4
y=az’ +bw+6(a bce AF,a# 0)2 Jehjo
AW, o g4E OATET Ao, olAeeY

y=az’+br+c o T} HA D o|Fe5e
dke Hagt T AL B 2988 AR 24
A otz A28 4 JES s ar),

3, #4 o0 A 4 E¥HIL - 4%
2dRA 28 4 Yt AL AL e Qo] 7
uoh $230 o3 48 BE W, ¥HHA B2
ool MR Mere] Fzsjojo et AT I
AQS 22 & Qa, AN B4 HRo] Shsan

 sjojof @},

A, 8 ZEAANAE oAt BEE O
AL AR G7t Foln A WM A sz
AT 7bed W9 delA BRoiAn ok 2ey 48
Woll A olaghee) 7id shebe BEolAUS $-44
g3} Ago] shsalofof Bk mebd P4o) B§ pE
of AEA BFso} Azl o] Wi F4H A4E
AHgate] B2 A4S AT 4 98 BE 233 9
AAE & & Q= A7}l AEFolor s},

@ﬂ]] A ALY ARAHQ FEhEE
T 7199 293,

F43le o
A E ANE AA WA Mg

117

Qo] |FOIAES Ik adn vHeR %Y

WEES Foto] 2 AAY EAE Asdsta 943
g & JEE pAH o} grh
2. "=

R
& Adse Ho) A4 A4 Bee BAYOR AH
S gt 2eht & 2N s Yehgol, £33 8
s} 247 859 7 eAdN HaseAst BT
o 7hie) 4B el GO oleld H4ol 4%

g2 A4 vl

QA AR T ol F

7% 19 ¢ 44 e, o
3 H

HE8Ae ARty e =99 A7 ok weA
olglg FFofA IAEL o 1{ Abi HARolu S
FRE ARErte) Wa w5ed A3t Hutelor &
Aoltt.

oA (2005). Girl-favored Tessellations Using a
Computer, 38w &837 Mgz D <s8u§
Q1> 9(3), pp275-283.

7) (2000). &7 FEAE

% (2000. £EYFF-AE

ESi

AF 9 (199%6). oA AL

e o HIHE A& BEAL

felst wy Aedst

o?d J

(]
5

Bia)



118

A4S (1999). BYA Ferufo] g uF, g
A8 =3, 9(1), pp.8l-110.

Bednarz, N.; Dufour-Janvier, B.; Pourier, L. & Bacon,
L. (1993). Socioconstructivist. viewpoint on the use
of symbolism in mathematics education. Alberta
Journal of Educational Research 39, pp41-58

Cobb, P; Wood, T.; Yackel, E.,, & Mcneal, B. (1992).
Characteristics of classroom mathematics traditions:
An interactional analysis, American Educational
Research Journal 29, pp.573-604.

Cobb, P.  (2000). Conducting experiments in
collaboration with teacher. In A. kelly & R. Lesh
(Eds.), Handbook of research design in mathematics
and science. Lawrence Erlbaum Associates.

Confrey, J. (1994). Splitting, similarity, and the rate of
change: A new approach to multiplication and
exponential functions. In G. Harel and J. Confrey
(Eds.), The development of multiplicative reasoning
in the learning of mathematics pp.293-332, Albany,
NY: State University of New York Press.

Creswell, J. W. (2003). Research design’ Quantitative,
qudlitative, and mixed methods approaches.
Thousand Oaks: SAGE Publications.

de Moor, E. (1991). Geometry instruction (age 4-14) in
the Netherlands: The realistic approach, In L.
Streefland (Ed.), Redlistic mathematics education in
the primary school pp.119-138, Urecht: CD- Press.

diSessa, A. A.; Hammer, D. Sherin, B. & Kolpakowski,
T. (1991). Inventing graphing: Meta-representational
expertise in children. Journal o Mathematicol
Behavior 10(2), pp.117-160.

Doerr, H. M. (199, April). An integrated approach to
mathematical modeling: A. classroom study. Paper
presented at the Annual Meeting of the American.
Educational Research Association, San Francisco.

Dreyfus, T. (1992). Aspects computerized learning
environments which support problem solving. In J.
Ponte, J. Matos, & D. Feranandes(Eds.),
Mathematical  Problem  Solving and  New
Information technologies: Research in Context of

Practice pp.255-266, Berlin: Springer Verlag.

Doorman, M. (2002). How to guide students? A
reinvention course on modeling motion. In Fou-Lai
Lin(Eds.), Common sense in mathematics education.
Proceedings o 2001 Netherlands and Taiwan
Conference on Mathematics Education pp.97-114,
Nov. 2001, Taipei, Taiwan: National Taiwan
Norman University.

Freudenthal, H. (1973). Mathematics as an Educational
Task, Dordrecht: Kluwer Academic Publishers.

Freudenthal, H. (1983). Didactical phenomenology of
rathematical structure, Dordrecht: Reidel.

Freudenthal, H  (1991). Revisiting mathematics
education, Dordrecht: Kluwer Academic Publishers.

Gravemeijer, K. P. E. (1994). Developing Realistic
Mathematics FEducation. Utrecht: CD-8  Press.
Freudenthal Institute.

Gravemeijer, K. P. E. & Doorman, L. M. (1999).
Context problems in realistic mathematics education:
A caleulus course as an example. Educational
Studies in Mathematics 39(1), pp. 111-129.

Gravemeijer, KPE. & Cobb, P. (2000). Symbolizing,
Modeling, and Instructional Design. In: P. Cobb, E.
Yackel & K McClain (Eds.), Communicating and
symbolizing in mathematics classrooms:
Perspectives on discourse, tools and instructional
design, Kluwer Academic Publishers, pp.225-273.

Greene, J. C., Caracelli, V. J. & Graham, W. F.(1939).
Toward a conceptual framework for mixed-method
evaluation designs. FEducational evaluation and
policy analysis 11(3), 255-274.

Kapat J. (1994) The representational roles of
technology in  comnecting mathematics ~ with.
authentic experience. In Didactics'of mathematics
as a Scientific Discipline (Biehler et. al. Eds)
Kluwer Academic Publishers, pp.379-297.

Lesh, R & Lamon, S. (19%). Assessments of
authentic performanice in  school mathematics.
Washington, DC: American Association for the
Advancement of Sciences.



Lesh, R & Doerr, H M (2000).
communication, and mathematizing.
Yackel, & K. McClain (Eds), Symbolizing and
communicating  in  mathematics  classrooms.
Hillsdale, NJ: Lawrence Erlbaum Associates.

Mathison, S. (1983). Why triangular? Educational
Researcher, 17(2), pp.13-17.

National Council of Teachers of Mathematics. (1995).
Assessment stondards for school mathermatics. Reston,
VA: National Council of Teachers of Mathematics.

Nemirovsky, R. (1996). A functional approach to
algebra: Two issues that emerge. In N. Bednarz, C.
Kieran, & L. Lee (Eds.), Approaches to algebra:

Symbolizing,
In P. Cobb, E.

119

Perspectives for research and teaching pp.295-313,
Boston: Kluwer Academic Publishers.

Swanson, S. (1992). Mixed-method triangulation:
Theory and practice campared  Paper presented at
the Annual Meeting of the American Educational
Research Association, San Francisco.

Tall, D. O. (1986). Building and Testing a Cognitive
Approach to the Calculus using Interactive.
Computer Graphics, Ph.D. Thesis, University of
Warwick, UK.

Treffers, A. (1987). Three dimension: A model of goal
and theory description in mathematics education -
The Wiscobas Project,



120

The Use of Technology with a Calculator for Improving Mathematical

Thinking in Leaming and Teaching Mathematics
- A Study of Students' Mathematization Using Technology -

Sangsook, Choi-Koh

Dankook University, 147, Hanmam-Ro, Yongsna-Gu, Seoul, Korea
E-mail : sangch@dankook.ac.kr

Hokyoung, Ko

Dojang middle school, Snabon-Dong Gyeonggi, Korea
E-mail : koho@kice.re.kr

This article provides how to implement the use of Realistic Mathematics Education (RME) in a teaching a
function at a school to improve students' mathematization for their mathematical thinking using technology.
This study was planed to get research results using the mixed methodology with quantitative and qualitative
methodologies. 120 middle school students participated in the study to bring us data about their mathematical
achievement and disposition. Through the data analysis used ANCOVA, the students with the experiment of
the mathematization and technology excelled the other groups of students who were not provided with
technology or both of them. In analysis of the questions of the achievement test, the problems for vertical
mathematization were presented harder for the students than the other problems for horizontal and applicative
mathematization. The technology environment might have helped students manipulate the application of
real-life problems easier.  This means that teachers can put more careful assignment on vertical
mathematization using technology. We also explored that learning and teaching under RME using technology
encouraged students to refine and develop their informal functional concept and pursue higher thinking of
formalization. The study results in a lot of resources for teachers to use into their teaching mathematics for
improving students’ mathematical thinking.
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* Key Words @ Mathematical thinking, Mathematization,
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