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Producing teaching materials for mathematical figures and the educational
effects of combining materials--physical models, tablets, and handouts

Hamaguchi, Naoki
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In mathematics classes at the collegiate level, teachers often use teaching
materials for 3D figures such as graphs of two-variable functions and spatial figures. Recently,
these are presented in various ways--handouts, slides, physical models, figures on tablets. We
improved our system for easily making of these teaching materials. Moreover, we designed classes in

which all of these materials were combined, and confirmed the educational effects of them.

KeTCindy KeTpic



B X C—19,. F—19—1, Z2—19,

1. WFEBAAE 4 PO 5

BB L OREUFEROEFHE B
Tix, B 7 7 70KE e 8 OBREN M E
RA[RTH DD, B, #E=<CMIKXEIZS
WTHFEYZADORERD Z L3l
W, ZHUZxF LT, L OEFEHENR T v
N M VERIZ IV D LaTeX 1T1%, [EME724H X
NDERETHD LWV I REDBH ST, FHx D
¥ LD~y v r—YTh
% KeTpic 12XV, Scilab <R 72 KO
B AT KL > TEMTEINTZERS &
B2 TH D &) BT S & 3l
Z TR A[RE & 72 o Tz,

KeTpic Z AW ZEHA I oW Tidkk~
IRRRGEDRTOIL, TOHEEDR LR INT
W5, F72. FEREENIIREEAR ST TR A
7V —r EICbEMICRREIND L O
0. EBHIT KeTpic ZHAWAZ & T, #7
Ly hETCHZADREOT—4#3D 7Y
VA TELNANEET VEM OF — % &
HERTHZ ENR[REL 720 T,

PLEOWRRZRSE 2. AR TIZ, #Hiiz/e
WOHEMDOEREEZENLE ED XL D IZOFH
LTV ZERHRHTHLNEIBRT D
NP DY

2. WL EM

AWFFEO BE, mHER X ORFYFEHRD
BEHEICB T DX E T2 20 O 1ERL
ERZICL, TOEMEESIDICHEDHZ &
W2 D, KT, WP EFE S O TIE,
2ERBES D 7T 7 L B SR X T
DEENLIECTH D, 3DTV 20X T
v R, HECTHHTE Y — RN EL L
TETEHWDLN, bz TIRREND
2SI HA 1L, BB L 22D A B
WEHFERFEOL IS AT, BMTEEM L L
TR THDH, RUFZETIE. ThbDEH
T, %< OBFEEHRE L T2 D TRRELR O
MM PR D Z Eic kv — @R B
LT HIDORNHITEEMNL L, £ D
BOREBRAET D L L,

3. WFED Ik
(DEKRD 3DV % TIER SN D SR
ETIZOWT, #HME L THRIHTHZ LD
TEHRES, BEREEZHEL, HE LR
72X E T T 5, 3DF Y HIZDONT
X, PEREM B b A TH DAY, AWFIETIE
B OREZZE LT, LY E2MEET5
WERHFRO3IDTY v ZEHEHT 5,

@) ERRTHE LWL 20T —<iZxf L

TNEEFNVER, 27 Ly N EOREE .

MR OFER 2 ERC L, TG A2 L7252
BT O, FEOHELIZHONWTIZT
= EHOTHEEZITI,

Q) ERRICH > TR 2 ED D P THE L 72
LHKEREA BN L T KeTpic OBz tEd 5 &
EHiz, W bEbEEE LT, RN
b OMFE S HICED D,

CK—19 (Jtm)

(4) FEBRIZZE Dl B T2 2k DAER DT 1k
(ZOWTIE, EPSTOFRRETERT DL
EHIT, R—L_X—=VZFHLTART 5,

4. BFERR

(D) B E W22 OERE BT 57
¥, Ega Y CTx7- KeTpic ThHH, @)
f%%( Y 7 N Cinderella OBEFE CTh 5K
VA LRKEFD Kortenkamp % & D HE5b
%38 LT KeTCindy ZBAF L., ZivE TLL
bicA v BT 0T 4 TIRBMAERREREE D
ifztEDd sz Lz MEEiRL@), LI
BEHRS AT L TH D Scilab & HWT
LaTeX (2 X D2 HM ~DFFXN %% 2 T 7208,
T — % OVERREXBEIC BT, Maxima X
Risa/Asir, Fricas 72 OIS 2T L
FRHWCHESYE, FOTF—X EHnHrA0LTF
EERD AT (HEERX®), FrCZERIK
A OWTITEME 2 26 %<
ZOHFIMEIZIEFICRENE D Lo T
Do
(2) R e 22X b & L Tl 2 248K
B 7 Z 7 o NBepECfEH & 5 [al#s
AP N AR b D TH D, 5T,
FUSIZ B W TR B FLE L W o 7 Z
7 e odhmE (X 1) <. FAIZBW TR
SFARETH D DM FIRE TR WD 7
77 ChHiim (K 2) ZER L7z, WIinb
KeTCindy Z W T 1 ODMF—& 057 Y
v NBBE, 2T vy MR, NARE T IVERS
MMERETE D, VAT AT 2EHE S S
WD . BUERNTIX RS/ — N~ OHEE
R & b 2 i -CZe M hil, <512
ZHRIZONWT Y, BRax RIEOER & LT
FIWRRTE DR L o7 (HEEEHRLO),

Xl 2. #Hfl 2

Q) el 2 D TV T pdf IEXD AT A
N2 RGINERR T HHBEZ KeTCindy (21BN
L7z, ATA REMIX, BEMOBEEFFHC
B9 2 B AR W E IS AT T2 RET ORI
LIEFICEDITHD, ZTORATA ReiRER
BIOHFNCE X, SMEETVEMEZ T Ly
NEMBIOTY v MM EOH L CikE
L. EBRRELITRo 72, LTFIZTHWZEH
ET U= NREICBT L R DEMO
[EIR2S Tk =



O M= A A N T2 RSy
KBFFE  RFPE1LFA244

X 3. AT A N&H

X 4. Z7 L NEM

LA

5. SLAKETIVEKL

T — FERE  RONEZ BT H =01
ENENDOHEM N DY RLToTonE D
T DOWNT

©: LThbhyLTn

O : b Ld

A 5D9

X iz v
DOHFMNE 1 DOEBATTIN,

F2E\ERDICE > TEDE DIEFEI KD
5D 7]

© O A x EX
AN 4 13 7 0 0
AF74 K 10 12 2 0 0
7Ly h 12 8 4 0 0
SEEFL 9 9 50 1

TR FEAZ S A\ L DR AN ED X 95 7
H O]

© O A X &KX
ZFY v b 4 12 5 1 7
AFA4 K 11 10 3 0 0
7Ly bk 5 7T 7T 3 2
SEEFAL 6 7T 6 4 1

FROERND, SMEETARX T Ly b
. TNHERERT LOOHEIIATHD
ZEIEEOETHRWVA, EHEIIRL TV
WAHEIZOWTHEIEOBIT & 7o TN D
KRN 9 sz 5 G L®),

@ [AlEIROIRFE
RIRAE  SE2EAZ 94

- e | AR | [P
N S/ Py

zua e | | || o

Y] Y A

N N

- ~ % W,

) e

sl

v A‘i{\l

7. MRET N (E L) X T Ly N

T — N
TEEEAEOEENR E D L 91 LTRD B
A0

© O A X &EX
A A 13 23 3 0 0
A4 K 24 14 1 0 0
7Ly bk |27 11 1 0 0
SMEEFL 19 17T 0 0 3

T O EFED S(x) TR I N D LAEO KT
MEDEHIZLTROBND M

© O A X 4EX
A 15 19 4 1 0
A7 R 18 18 3 0 0
7Ly bk |19 13 7 0 0
MAERETL 10 21 40 4

AR OFZENE LRI, TORKRBET
WEOEMIIIFEZITHD & L bio, HEZ
RLTWARWHEOHROBTIZH 2> T
Wb, £, AT RIZHOWT, R¥T 47
REIENZELTEZ W EbIERESN DR
X HThD, EBEOT o — MIBWTY,
TNENOFAENIM LTV E T DHM
A THY . & BITITHFTREM OMAE D
LG5, BIRDIEOHEM %A
BOFETEIZLENTEDLZDREDAH
AT, FHLED TEHERFAEICH LTEH
MThdrEEZOND HEERLD),



(4) AFFEREBRIC BV T, BERCY 2T
LATH D KeTCindy O, 24 W)
IZE 2 TCWTZER DA X AN, B 7
ALY LDTEDLRATA FEMN
Mbot=Z EN, BMOAHEMEEZ K& LT
WHEEALD, T, T IR ERR
EPANDOREIZBNTH, EBRIHAER SN
FICW-THED Z LD TEDIHFHEM O E
PP U AR NEE 2 TEX TV A, S BT,
2SI 24 D B W D BB B LS 2 F
B4 5 i ) D BB D Fo AR 22 AR IS DN T
A IRABZANDEMEHNDZ LT, ZD
% OEENEIC %Ewgw%&iﬁ En
M SNDERE o7, 5%, ZERXKE
K%i%f\imﬁhéﬁﬁmﬁﬁﬁ®@ﬁ
HED =N,

5. ERRERLE
(WFFEf I, WFFesr s K ONHEERF 725 (2
IR

UdEstamsy) GGt 5 1)

O #EO B, KE FIRE &S fik, E
ETNBLOARATA R ZT Ly FEFHL
T BCF 2 DOBRSE . WE R U R kR R
HOEE. AFHE, 1(2). 2017, pp. 2006-2013

DOI:10. 20566/sugakukyoshoku_1(2)_2006

®@ Naoki Hamaguchi, Setsuo Takato
Producing Teaching Materials for Spatial
Figures with KeTCindy and the Educational
Benefits of Combining Materials, Lecture
Note in Computer Science 10407, & &t
2017, pp. 262-272

DOT:10. 1007/978-3-319-62401-3_20

® Naoki Hamaguchi, Setsuo Takato,
Generating data for 3D models, Lecture
Note in Computer Science 9725, & A,
2016, pp. 3356-341

DOT: 10. 1007/978-3-319-42432-3_41

@ Setsuo Takato, What is and How to Use
KeTCindy—Linkage Between Dynamic Geometry
Software and LaTeX Graphics Capabilities—,
Lecture Note in Computer Science 9725, #F
FiA, 2016, pp.371-379
DOI:10.1007/978-3-319-42432-3_46

® Setsuo Takato, J. A. Vallejo, Masataka
Kaneko, Interfacing KeTCindy and CASs, and
its Applications to Scientific Problems
Modeling, Proceeding of Applications of
Computer Algebra 2016, #F @t A, 2016,
pp. 23-27

www. wzim. sggw. pl/wp—content/uploads/. .
/Takato_ACA_2016. pdf

(axk) G5

O EO EE, ZZHERKE OB Z BT D13
FIXH+&%®H:|:ﬁ£ Xi/]) ]\\\' &71/“/ ]\ RVA
KEFLOBEH-. RIS BFFEES Y 7
=7 & ZORRENHEENHICET 5
72]. 2017

@ O B, KeTCindy THERK L 7= 22T
B X DIRERRGEH, AABRZHEERE 4
MEIfES, 2017

3 Naoki Hamaguchi, Producing Teaching
Materials for Spatial Figures with
KeTCindy and the Educational Benefits of
Combining Materials, The 17th
International Conference on Computional
Science and Tts Applications (ICCSA 2017),
2017

@ EO B, 3 DETIEEEM OMER L
ZORR, BAREEEFRE 40 BHFER,
2016

(® Naoki Hamaguchi, Generating data for 3D
models, The 5th International Congress on
Mathematical Software (ICMS 2016), 2016

(% DAfth]
R B—
http://www. ketpic. com

6. WFFERERE

(1) WrgefERE

O B4 (HAMAGUCHI, Naoki)
EI TEREEMTR - —BE - oz
M75EEHES: 00369977

(2) Wrge sy

EE fik (TAKATO, Setsuo)
R - BREEER - B2
eSS 30163223

K& FliE (OSHIMA, Toshio)
Ve R - B - BREHER
TeE®‘E ST 50011721



