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Making Two Variable Data Satisfying the Condition of Average, Variance,
and Coefficient of Correlation

Abstract

BEFROBFET TIE, T—HORNONFEFETHZ LIk TEY, AfEEFT—20
W - HE - YR A A RO, 2EBOT —Z OMBBREE ROV T EE2FE LT
W5, HEION & UCHEREORELZIT) L&, TOEMEERTHICHZY, -4
B (EERZE) - HEREOMBEE I oxficoTnb 2 o0& X Y TNFNDOTF—F %
ER LI E B2 T2 L i3R0nEA 90, BEmMOIIIARERIEETH DN, ZhbDT—4%
FEETIER T Z LT Db TREETH 2,

ZZT, ZUV—=Y 7 FREHNT, ¥ - ok EHERZE) - HERE OSSN 25723 %
2o TND2ODEEX )Y DT —X &2 HENENR T2 70 7T L &% LI,

AR TIXRONT, ) - ik - RO SR 2 DOEEX Y TNETNDT —H
DIERNAEETH D Z & DEFI i L, TnFnoBRICB T2 7V —Y 7 NROT a7
TEERNT D, 7a T NE, W ODOBBEMAEDETERLEZLOTHY, ThE
OB FBIRFE O & OEAITARYS T2 O AT 5, KZIC, LT e 7T 4
OAFE 5 EZ BMAER O SEG N B R L, FHREREOMEBIEE SN TV DR E WX %2 B
HIZIERT&E 5 Z £ /BT 5,

7B, EEDPHBMREZ RO HMETIE, EREFLFIBEETHE TEZARELTH720IT,
QEBODT —HINEBIE Lo TWAZ EMFLEALEEDN, SEWER L2710 /T A TERT

X HF—HIERIETH Y, FFRSHBIEIIZ DEHIEE MNITE LE LD TH S,
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1. FC®HIC

PR OBFORETIE, BERBOKFET OFIC
[F— X O] ZIRET 28 N H Y, FERIH,
HENR 22, FONTK, MG e oW TEE T 2
Ll o TWVWA, HEKRTIE, AN T A EEERK
L TR D REFNOEPOENEZ LK LIZY, REHD
FEE L0 B ICBE TR T -0 OftEHR & LTS,
HiPH, o, REMEREEFE LY LTI D, A%
RO [F—=2O5Hr TIE, SE-CEE Rz 8 2R
B0, WM EE RO THOTREERSEZYT5
RE, F=HZOEHITVICONTHER TOEE FIH A
HEZ CTEVFHELIFEET 5, #HAOMBEREONE
EWOH LKD), PERUSRTE L TE RSO
P TIEAID T 2 EROBRICOWT OO HFIEIZ SN T
TR LR D, PERREE TR DBIAERY — LD

Free software named “R”, Statistic education, Developing the tools, Average, Variance,
Scatter chart

BAZEIZ DUV TIE, 2017 AREE DS LR R FHIEE &
VEA—REED (7Y —Y 7 TR ZHWEREHEE
Y — VORI OHF TR LR, sk Tnd 24
BOT —X OWAIK L T OMBARKOBEM T Y
—JUZOWTIERER TH o7z, T2 ->TWND 24 E
DT —ENRIZHY, TNOLOEHRKERNTZY, FO
BRI A ROV 35 L1, EXCEL 7V —>Y 7
FREFATZEEIZTE S, L, ftoTs—20
B3 L e ENOFY), e GEERZE) |, FHBEREN
Hzboh, ZNO0EEEHIZTT — X 2ERT 5720
?D EXCEL 7 U —Y 7 FRDY —/WIHEHRE TILIF
LAEFEDN TV RWEEbILD, ZEhdswcm X <o B
BB OB BVERTDICHT20, 2D X572y —HE
FEENNE. ZNHORNBEOHRERI ELEIE ST 7
ERbNnD, EBICESFROBEEOF T, WD
DO AE B OB ISR T 2 BT X & % b S & T B4y



BHY, ERAEITHBEREDA A=V -5 k5 7k
B DB SN TV, B BAERD, f8E L=
BREOEIZ R DX OT — 2 BT 5 2 SIF#EL W,
FITEEHETE, HR-oTND2EEDT —HITD
WT, 2EET—ZOXOEE, ThThOFY, 75k
(AR , FBMREE 52, BAikEE0T—4 %
HBEIMERT 2 Y — V&2 Lz, Blx0E, oM@
20THD 2ZREX Y ITHOWT, HEMRENR0.7, *
NZENOYLHB0 , 65, HEHERAENL10,15 L7405 89
T —HEHEMERTE DY —LTHY, ZhbOHE
EHBIZEZXD ZENTE D, BRBIIEZY—Y 7 MR
ZHAWTEY, £0 R-Console WD 7 17 M3,
>x=fmdata(20,0.7,50,65,10,15)
TR AT, F—2 BN EBER S CHUR X
LHIND Y=V Th D, T2, X ITKOT—H P
b, BT, Ok 2BENRILIIESNTT
— X BT 5 OOV TIEE B> TR, ZThEh
DBBIZBNWT T Y=Y 7 NROT 0T T LERBNANT 5,
¥, s TN, SHEEOBEE W TERENT
BY, BT LI FHREEORBRICOWTHAT 5,
BB, ZOY—NEROTERT D ZENTE RO
T LY, S EERZE) , B, HERERE
BAL, BEEROHREEE SN T DA &
BRI A S S D FBIAERLTE 5 2 L 2R T 5,
P, AEICHIRR AR, HEREAHES
H7e 0T H56120F, BREOT—2%FHAT 208, 4
BIFAFRE L7y — VTR T A Z & TE B5 —F 133K
ECTHY, TOEKMEE 2 Ea—FOEAEDORIIZL
DIBTRELIE LD THD,

2. FRALTVWSE%H

Tur7 A%, SHEHOEEE NN TERSNTEY,
TNTNORE L TOMEENFIZLLT D@D TH 5,

- variance.R FESSHKOEH

RIZIE, w4 BEAMHIC X 2 R oHEHE)
FHET OIS AN, oA EEHET 6081
2, LIeido T, RBaia BRI R 5 B ER T
DVERD D,

- makedata.R RD 2 28T — ¥ DERK

TERK LT2 s 07— & Offi$ sy O TERELE A B 8384
SED, TN OMEICEENREBER L CHRUEwT
T =X EERT %,

- stand.R T — X DOIEAE(L

2EET —HDENENEEENS D TDDT 0T T
AThHD,

- twovariables.R K 2 85T — & OIERL

FRE LT HBRE DI & 72 D 2 B BT — % 1Rk 5
2O Ta s T A THDH, TNENDT —F DIEHELL,
A O AL, 2EET—% 0L (KU1 b

=27 (whitenig) ) , I L AF—HE, G2 bhizF
Kot EERZE) LD oD ERDENZ DT 1
7T LTEENTND,

- fmdata.R  Scfh %79 2 BT — 4 OIERK

AR LT — DAL L DOESTH D, FEEICT
— 2 EERT DXL, ZOFa ST AOREFETTN
IRV, 1B L 7ok 2 22 B85 A BEIRICHAA AL TER
LTI T hEFITL, BAAKGIEE LI B o E
OFFANTHIS 2 LB TE 5,

LR, ZnEhora s I Lk, EO/EERREZ R
T 5,

2.1 BAREERNET IO 5 LDOER

TN E TR BMOB®RTH D, nfHOT—
X, Xy e, X ATHEMAKRE L, BoHE o,
F¥ A m &g,

mzlzn:xi azzlzn:(xi—m)2
Nz N

ELTCHET S, RTIE, MEOBOEEFRET DM
TH 50, BB OEE2BE#EFET a5 3T20
DT, ZOMEEEBEHE CX 584k variance.R % {Ek
L7, 7B 77 HFLUTO@EY Th b,

variance
y=var i ance (x)

FH HH H H =

var iance=function (x) {
m=mean (x) #FEHIDHE
s2=mean ((x-m) "2) #$ERDEE
return(list (variance=s2))

}

2.2 D 2FEET—2 DIERR
2E®mX Y TNEThoT—2%%n, MEGREKEr

L9 5, N, EREERE N B> FERA ST,
ZNENOEMELLZ X, , X, DFINT PLTEL,
X, @ nx1 1351 (F~27 k)
X, : nx1 1751 (FI~<2 k1)
LA, T, INHD2O0DFNRT ML EFICIERT,
X=(X; X,) : nx217%
L42, Zo7n T A%, makedata.R D71 7T L4
DB THREENTEY, a5 MILLTO®Y Th
50

+.
v

# makedata
t ROZEET—4H x1,x2 DERR




x=makedata (n)
niEx, x2D5F—520Y%4 X

#
#
#
#

makedata=function(n) {

t RESHNDZEEORT—F R
set. seed (0)

x=matr ix (rnorm(2#n) , ncol=2)
return(x)

}

2.3 ZEET—S DREL
X, &EX, DN TNEEE LI bDEZ, ,Z, L L,
z=(z, z,)
3D, INT, Z,,Z,0F0 0, T 0, R
71 o TWWA, ZOTr 7T AL, stand.R 7=
7T BADOBEBTIRFINTEY, 7r 77 AFLTFO
@@.@&)70

#

t RO R x DEEIE
# stand (x)

t  z=stand (x)

#

#

stand=function (x) {

v=variance(x) §variance # BoEHOEE
z=(x-mean(x))/sart(v) # #EELOFE

return(z) # BEESIhERY FLERT.
}
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Tho,

WANS, TNENDERLSNZ 2EBT -2 L EN
5 O BREOEDBIRIZ OV TR RS, KIZHBITTS
ExtAEL, B 2ERET -2 2ERT S, ZLT,
EHTHNO 3 L AF =325 L, HkICHBERER
r D2EBET—HFW, , W, Z1ERT D HEIC SN T~
5, 2, MEREOMEETTIEARL, W, , W, TR
NOFLPRL B OE DS BT L 5129 %,

241 Bz 2ZBT—4 LEBEREE OBER
Z ORI E R T 5L,
Rzl%z
n
Lo TWD, LTER-T,
'zz=nR
Ths,

2.4.2 1HBAFTHIOR AL
FHEATTHI R XAl %, DEZxiAITsl, V 2 ER
e sEE, Vi=V 2o,
VRV =D
ks, 22T,

Dz[g 0] (k=(>0)

4

T 5%,

2.4.3 EHEBAL2EET— 2 DER
k 0
ﬁ:(f

0 Ve
'RV =+/D-+/D

L0, BLOLME AR (VD) E T,
(VD) ''VRV(VD)'=E (Hfif751)

k@éoRzliz%ﬁALt
n

(/D)* ‘V(% t2z)V(/D) = E

(v'D)™'V 'zzV(+/D)™" = nE
(VD)*'V'zzV(VD)"' =nE
{zv(vD)"'}{zV(WD)'}=nE
PLEDORERNG,
y=2V(D)*
EBl L,
'yy =nE
b, y=(y, Y,) PETRENDOIFRI b
Yoo Y, FERBEIC 2o TS, LER-T, y,,Y,D

RS MAATH E Io/ > T 5, T72bb,
1,
—'yy=E
n

PAEBIATE (2 2 CIRETH) Th b,

] TRTZLITTD L,

244 aLRX—5R
BRI L0 KO R 2 BRT —F 2EV 720

AN
. 1r
CC=R, =
r 1

=
(ClEE=/A175, 'CIEF=/A175)
L%k 5RCERDD, R ZZIOXIRFTETC

LE (o xx—0 Lo, ZoC ok FHi,
3.4.6 AL AF—HGRO L ATHHTS, Zof15IC
nkEE, 'yy=nE kv,

tCEC:Rr

‘C-nE-C=nR



‘C'yyC =nR,
‘(yC)(yC) =nR,

%t(ycxyC) R

&%, u=yC &E#EL, u=(u, u,) &TniE,
SIODHNT My, u, DHBETTIIILR, &7 %,

2.4 4 8RR LI-FHELEBREREDEDOFIA
W, &2V, REREC,, W, & u,, R
RAzo, DT—2LT5HL%E,
Wy =0U + 44, W, =0,U, + i,

ETHIE, wy, W BB N O 2 ERT -2 L%,

245 ALRE—SRE 2 BB TF— 5 DIER
tCC:R:{é q P %,
Tolr 1

[ R e
VR e

X+ xy+zu) (1 r
Xy+zu Yy +u’ r1
E4%, I,

X=C0Sa ,Z=SiNna, y=Ccosf,u=sinpg

b SRR
Xy+ zZU =Cc0S ¢ cos B +sinasin

=cos(a—pB)=r

y u
x=1,z=0,y=cosf,u=sing
L7=»5 T,
y=cosfp=r
L,
U=21-r
& DN, fHHEIRIZDIZ,
u=+v1-r?
T 5.
PLkRizky,

o[y e

LTDTENTED, BN,

V ZJ%TE%ﬁﬂkﬁétwK,a=0&Té&,

1 0 1 r 1 r
[r ﬂJ{o HJ -
ERoTND I ERMERTEX 5,
U EDfEEE1TS 7 v 77 A% twovariables.R &~
17T A OEETCHRAF I TS, twovariables.R i3,
UTDX 272707 I L5THD,

= =

i HEREN r OZEET—SDER

#

# twovariables=function(n, r, myul, std1, myu2, std2)
tn T—2DOERX

# r FERARE

tmyul ZE1OFEHE stdl TE 1 DIFERE
tmyu2 EE2DFEHE std2 TE 2 DIFERE

# w=twovariables(n, r, myul, std1, myu2, std2)

#

H.
T

#
# RKESHRNnDOZEEDRT—32 EEMR.
twovariables=
function (n, r, myul, std1, myu2, std2) {x=makedata (n)
t RT—2 DEEER
zl=stand (x[, 11)
z2=stand (x[, 2])
z=cbind(z1, z2)
R=cor (z) # #ABA{THIDEH.
E=eigen(R) # EIBELEERY MILOFE
D=diag (E$values) # EIREEXAS & T 5xATTII
V=E$vectors # EHRY kI
#ty)%y=nE L% d & 574y FERL
y=z %% V %% solve(sqrt(D))
t aALRX—HR
C=chol (matrix(c(1,r,r, 1), ncol=2))
u=y %% C 4 HHEIREN r OZEET— 2 DER
#EE1OFEHELEREREDETE
wi=std1*u[, 1]+myul
T ER2OFHEELREDRE
w2=std2xul[, 2]+myu2
w=cbind(wl,w2) # —ZEEZHRI L LTS,
#
return(w) # —ZEEBDIIRY FILERT.
}
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B LY —ILD AL L DERGD T 7T A TH Y,
SETICHRNANLCE 7077 ARG L, f5E L
¥, e BEHERZE) , MR A= 2 £ &



T —H EER L, TOHAKEEE L AR oI o &
FANTERRIFDLZENTED, UTOTa s T L0
fmdata. R D71 /"5 A4 CHRIES TV A,

#
#
# fmdata
# x (FEHET, x[ 1. x[2JOFhETAR_EEDT
t—45Thsd.
#n Cx[L 11 x[ 2loF—4 v 4 X
# x[L1]: ¥ myul BEFE stdl
# x[,2]: FHymyu2 BERE std2
tr x[11&x[211ERERE
# y=fmdata(n, r, myul, myu2, std1l, std2, range, xmin
# xmax, ymin, ymax)
#
#
#
fmdata=function (n, r, myut, myu2, stdi, std2, range=0,
xmin=0, xmax=100, ymin=0, ymax=100) {
t —Z=257—4 x=Kx[ 11, x[, 2]) DERL
#
it BB OBHHAHRAH
source (' variance.R’)
source (' makedata.R’)
source (" stand. R")
source (' twovariables.R’)
#
x=twovar iables (n, r, myul, std1, myu2, std2)
mean(x[,11) # EEx[ 11OFHORTF
mean (x[, 21) # ZEEx[,210TFHDOETR
t ZE[1]1OSBOFELZOEOERTR
vx1=variance (x[, 11) $var iance;vx1;sqrt (vx1)
t ZEX[11OSBOFELEZOEOETR
vx2=variance (x[, 2]) $variance;vx2;sqrt (vx2)
t —#ZE=x[ 1], x[, 2] 0HBEREDEDE T
cor (x[, 11, x[, 21)
#
t EREhET—4 OBMAEA
i f (range==0) {
xmin=min (x[, 11) ; xmax=max (x[, 11) ;ymin=min(x[, 21) ;
ymax=max (x[, 21)
plot (x[, 11, x[, 2], xIl im=c (xmin, xmax) , y| im=c (ymin,
ymax) , pch=16, col="blue”,
main="R#7—42 OEHHEA")
]
if (range==1) {
plot (x[, 11, x[, 21, x| im=c (xmin, xmax) , y| im=c (ymin
ymax) , pch=16, col="blue”,

main="L# 57— DEHE")

}
#

return(x) # fEEhf=T—4%RT.
}

3. TOUSLDERAZEFTDHR
K OMEER20 TH D 2EEX Y T, HHEHRE0.7,
ZFNENDOFEINE0, 65, EAEFAEMNL0,15 45 &
I IRT—H E BEERT D 5k E k5.
7 J—Y 7 kR ® R-Console & T
>source (‘fmfata.R")
EANLTT R YT LENORHL,
>x=fmdata (20, 0. 7, 50, 65, 10, 15)
EANTHETTHEERT DI LN TX D,
*OMEEN 20 TH D 2EEX Y OF —X LA
LT X ST 5,
wi w2
[1,]1 38.07595 47.70035
[2,]1 50.55590 77.78370
[3,]1 34.71040 59.08504
[4,] 52.49913 47.87469
[5,]1 67.54151 96.70123
[6,] 67.43467 65.01068
[7,]1 44.89959 51.64723
[8,]1 49.57167 72.32940
[9,]1 40.13167 38.33444
[10,]1 60.96493 90. 71439
[11,]1 44.47195 53.09318
[12,1 34.54151 47.68323
[13,1 43.29880 70.47891
[14,]1 48.24755 55.16740
[15,1 43.10017 69.54208
[16,]1 49.90372 67.33492
[17,1 50.56960 62.81283
[18,]1 66.63304 75.68698
[19,]1 60.74658 84.60484
[20,]1 52.10165 66.41448

T - RDEERE

X[, 2]
60 70 80 90

|

-

50

40
.

1]

7o, B OB ORI Z 10 LIk 100 LUF,



OFPAA 0 LIk 120 LITF & L THATR 2 FoR SE2WE
4%, R-Console (2,
>x=fmdata (20, 0. 7, 50, 65, 10, 15, 1, 10, 100, 0, 120)

EATITFTHIUX I, FERIZELTO XL 512725,
o .
LI ..
. : L] ‘ ' L]
g - .
= T T T T T
20 40 60 80 100

5. BRATHEEFRE L ZDOHMARDIER

SHCR o TWAB 2B BEDT —Z|IZHONWT, 28BHET—
X OXFOEEAS 1000, FHZI DN 50, 65,758
Yef#2) 2% 100 (10) , 225 (15) , AHEEMREL r OfENR
0.99, 0.9, 0.7, 0.5, 0.3, —0.3, —0.5, —0.7, —0.9, —0.99
OWAKHENERT D ELUTOX I/ D, 7ok, JEiZ
OEOFFIE, 58, #EhE 120 LA E 120 LT & LT
b5, TERFEEME, UTOMBLOETNEND AR
DF 0WFLE) THD,

> x=fmdata (1000, 0. 99, 50, 65, 10, 15, 1, 0, 120, 0, 120)
> x=fmdata (1000, 0. 9, 50, 65, 10, 15, 1, 0, 120, 0, 120)
> x=fmdata (1000, 0. 7, 50, 65, 10, 15, 1, 0, 120, 0, 120)
> x=fmdata (1000, 0. 5, 50, 65, 10, 15, 1, 0, 120, 0, 120)
> x=fmdata (1000, 0. 3, 50, 65, 10, 15, 1, 0, 120, 0, 120)
> x=fmdata (1000, -0. 3, 50, 65, 10, 15, 1,0, 120, 0, 120)
> x=fmdata (1000, -0. 5, 50, 65, 10, 15, 1, 0, 120, 0, 120)
> x=fmdata (1000, -0. 7, 50, 65, 10, 15, 1, 0, 120, 0, 120)
> x=fmdata (1000, -0. 9, 50, 55, 10, 15, 1, 0, 120, 0, 120)
> x=fmdata (1000, -0. 99, 50, 65, 10, 15, 1, 0, 120, 0, 120)
r=0.99 r=0.9

r=0.7 r=0.5

20 a0 B0 €0 100 120

0
1
0

10

_‘
I
\
o
w

50 a0 100 120

0 40 &0 30 100 120

20 40
1

T T T T T
(1] 20 40 &0 80 100 120 il 20 40 80 80 100 120

20 a0 A0 80 oo 120
20 40 60 B0 100 120

0 20 4n fn 80 100 120 0 20 40 60 80

r=0.9

20 40 60 an 100 120

20 40 &0 B0 100 120

0
L

o]
1

T T 1 I i T T I
100 120 il 20 40 &0 ] 100 120

4. SHROEFE

2w X Y T OxtoEk, HERE, EhEh
DOV, EHERFEERE LT — X 2ERkT 5RO 1
T T LEERT HZ ENTET,

ZOMERR LT — U KD, EEFEROT — X DT
XU ETHMEER, REOBIEM AR FT
DH#BOBEEEEZ TEX AT SAERL, FESP
WMBRIENPL T ZENSHOBETH S,

SEXH

(1) "R Fe i AR R (BT HR),
Hifl, 2008.

(2) BF PR E RS EEMIECER - BR), SCHE
T, FEHMENEE, 2009.

() H# 1, WmFEAREFE, HERE, 2011

(4) JIFERE, BESRIFIREHGEE 7 £ 2 F(EEKXT),
7V =V 7 NTEEBELWHEE, 2017

(5) JIFER, BEGRTFREHE T 2 F(EEKRT),
EXCEL &7V —Y 7 hTESRRLS LWHREEH OE
%, 2018

(6) JNFERE, M&) THRRTFEBIREBE v # —dd
[Z)—y 7k [R] %mbduﬁﬁfuﬂ/—vmoﬁ
%% ,2018

SCERE, #E



HRNIMKREZHEBEE L 2—FH
3% 2020438

CEET Y

HANEZCE B D CG G I T 5 MEt
— U 2 7 A OB 2 e X5 CG B B3 —

Ve ' -

AN PN

U RN TR R FEBREE o ¥ — (satotomo@t-ce. kanagawa-it.ac.jp)

> A TR LA

e TR

Study on CG Contents Utilization in Technology Education
-Development of the CG Contents Which Support the Understanding of Link Mechanism-

Tomoaki SATOVY, Ryota KOJIMA?

Abstract

In recent years, education using ICT (Information and Communication Technology) has become
widespread at educational sites, and the Ministry of Education, Culture, Sports, Science and Technology is
strongly promoting ICT utilization education. The author has developed CG contents teaching materials
and teaching tools to be used to explain the principles of heat engines used in higher institutions such as
universities, and has studied the educational effects. Under such circumstances, among ICT teaching
materials used in university education, there are teaching materials and teaching tools that may be used by
educational institutions of lower age groups. We propose a method of applying teaching materials using
3DCAD, which are used in the education of mechanical engineering at universities, to technical lessons in
junior high schools. In this report, we introduce CG teaching materials that promote understanding of link

mechanism.

Key Words: CG, Animation Content, Educational Material, Technical Education, Junior High School
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Development of an CG Content which supports the understanding of the
First Law of Thermodynamics
- Easy to Understand Explanation for Technical High School Students-

Tomoaki SATO

Abstract

In thermodynamics, the first law of thermodynamics is the most important theory. In this research,
educational content which expresses the concept of the first law of thermodynamics effective in educating
thermodynamics by animation was examined. In this study, we studied a method to reproduce the
movement of molecules of gas by simple movement with simplified molecular motion. And we developed
an animation content that puts only one molecule in the cylinder and makes its motion understand the first

law of thermodynamics from its movement. In this report, we introduce the outline of the content.

Key Words: Thermodynamics, CG Content, Educational Material, First Law of Thermodynamics
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Perspectives on Technology and Manufacturing Education in the Practice History of
Integrated Learning and Comprehensive Learning

Motoko TANABE
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