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Synthesizing and Reducing the Coefficient of Variation by
Principal Component Analysis

Part 2: Regression and Correlation analysis

Hachiro Yamanishi

Summary Regression analysis aims to define the relationship between two variables with a
regression equation. There are four different methods of regression analysis, which need to be used
differently depending on the measurement error assumptions. Regression analysis by the method
of least squares is generic, but only the measurement error of the variable placed on the Y-axis is
reflected in the regression equation. In this point, Deming regression analysis yields a regression
line that best reflects measurement error, but standardized major axis regression analysis is the
most practical and reasonable method of analysis. Correlation analysis, on the other hand, aims to
evaluate the degree of linearity of the bivariate with a correlation coefficient. However, even if the
correlation coefficient is statistically significant, it is necessary to examine whether the correlation

is substantively meaningful.
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Fig. I Method of determining the regression line
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Table 1 The process of determining a regression line by the method of least squares.
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Fig. 2 Running a standard principal axis regression in Excel

F9. xEyOflEME > — MIATL, Ox
ML L 72 RRoME & H IR TR %,
(D = SLOPE(B2:Bl11, C2:C11)
W, @yhdkifEr LR omEE 2 kAT
K5,
@ = 1/SLOPE(C2:C11, B2:B11)
O QOFME @ L Y , MIEZ@IZ X
DEHT 2L, mRERIE,
y = 1.34x — 98.1
ERESIND,

3. ERAEE (Fig. 10)
COMFEFEIZ, F 7Ty b S EFERICT
L7 ORE S ORMA RN E 25 L9 IH
EPPEEND, Bk Tk <, ERS YRS
B AR - ok 5 720 O FRS IS
ENTW5, Tz, FAETIHH LIRS
ELTHFBEEINTWAEY, LAl FEHKGHE
JETIENT D EOKRE REROEI AN FE
FEMESEMIZH ) . FloxEyDHALDERT 2
EEROZWEIGPEON L6030 5 D
TVHPEFFHO 720 S b 2 & i,

4. DemingElJF

x &y DEIGERRZE % fie b SIS RO L 7285 X
A5 N %, Deminglfl )& Tl x &y il 72 &
B ZHRE Lt RO, ERNENo 5o
V9% BT exs ey LTRRZESTHUL (2

THIT 5,

1=

ex

B, CENEOME L, LT hHE, TD4

HuzIc kY ERE 5,
(ky — ky)?
2
Z LCL yOlw2EF % Syyk 374 & Deming
MFAOMEZal I L DV EH SIS,

2
Syy = ASyx + \/ (Sxy — ASxx)” + 44820

‘= 25,
OB 7 B I Fig. IDISRT X 9 12,
a
tan ZMPN = —
an £ 1

DML TEBY . AW Lo THRE LA
(ZMPN) TO& 70y kEAREMRE TOMH
HEPM D 2RI AN/ N & 72 B £ ) I & g
LI EIWILHDH, TIT, B+ lIRET D L,
Deming[l/F 3% 2588 & L 7o/ N 23k, 2
BOIIEDT 5 Ly it b L 7o/ aEihic &
LA EMT 2, F /2 a=10 & X,
Deming G F R FUERIZEBT %0

=7 RO AR, xbyDRRESEE
ENENORFEFFMTHESIIEZ 2 L.
Deming|[Al )7 3 1345 #E 3= 8l [0 Ji =0 L2 30 3 %
Table 1O 7 — ¥ I2BWT, 1=2& L72HED
Deminglf] i L % DL T I2 R 970 B 7 A2,
Deminglil Jit O FEIFICITEH OKENY 7 b 3
Pk,

y = 1.41x + 0.944

5. EFEFE (EZ) OFEN
BUEAX DM & aDIFHERRSE © s &L [RURIERA
b DOIFHERE « sIZRATER S,

- 131 -



n—2

KA TH SN L HaTED H H 20554712 L
723 TR FMLCEORERERET %,

t=—
Sb
M-1TCRD7oxm FEH#E L L 7o/ Nk kIc X B
& Dspl20.611TH D Z & LD, fitiid1.523&
%0, BHE3OAIZBT A5% 4 53182
DTFThasIEent, AELZBFERETIEZ
EHMWTE D,

. fEBYS A

xEyDEMBRE MR rTIRRT A 2
ERTEHMET S, 7272 L. MR DM iE
AOIEBL TV DT, 2Z8&mMICIZBRD
LTWERBINDY &0 H b, HiAXETT
Oy MAHEREC L&, MBEREIZ0ISED <
M. xly® B \abrk B E L 728 A
(e-ay+(y-by=rP\Z BB L 72 BAR AT SZ L T
MHETHb,

BET— 2 5FH%51<

B

1. HEFREELEOOEX
BRI & yD 2 (haMbT—% & b &
ENs) . FNENOSDTE - 72 (i
It7—%) AtLoEoFEe L TaHlsns
(Fig. 3)o 7272 L. FHERODBEOH5EEEH
MEOEGRPS A -1] L35, 720 x
EyDIRZEDTEDFIH LGB T 5,
Fig. 4AIZME 7 — % @, F 7-Fig. 4BI3iZ i
L7 — Z B L 72 CORARTH 575, %
et d 70y FOMBERRIZEIEZWI &8
MR CT& 5, 22T, xbyniEiE L7 — ¥ A&
ORI, FoTay NEFESENAEETAUA
TEOMEICHLT 5, 2F V., Fig. 31281 5x
EyDREHAL T — & FEOEOF 1L, Fig. 4B
IZBIT A5 00 MUATEOMHE O34 % =k LT
Vb, L7zho T, BIRREEIRRIIH LT
Oy b 252 bNLMUATROMHEIL (+) @
WredDT, ZOHE»OEM SN LMHHE
F¥E ) o5, ThbLIEOHBEGE
KT L% b, 72, F2. ARRTOxEYyD
AL T — S T D5 & I B 720, HHBIREL
Z (=) o5, $hRbbAEOHENZ EKY
LT 8B, —J. Ty MOEEI-4RIRIZ
BAELTWD L, ZOFYERDLIZIZIEL A
OFf 5% S DM HNIZF vy IV LA 72
DT, AHBRBUMR BB SN 2 LIl % 5,
MBERHELEO 7Ta v A2 R CREBT 2 L.
Tl yDEREAL T — & DREITRA TR I NS,

Mt T — 4 %SDTES

AEF—2 ¢> BT — & ¢> EELT—4

x y x y XXy x y XXy

1 8 5 | -14| 7 -1.06 | -0.21 | 0.22

3 10 -3 | 06 | -1.8 -0.64 | 0.09 | 0.06

5 2 1 |74 74 -0.21 | -1.12 | 0.24

8 7 2 | 24 | -4.8 0.43 | -0.36 | -0.15

13 | 20 7 |106 | 742 1.48 | 1.60 | 2.37
5 | 60 | 94 | T 0 0 |20.5| ¥4 0 0 |0.67
SD | 47 | 66 | SD | 47 |66 | 4 | SD 1 1 >

B+ m-1) B+ m-1)
= #5# = HERIRE

Fig. 3 Process of calculating correlation coefficients

- 132 -



HEWIEEFHT Vol 47, No 5 (2024)

=% _ -9
D, sD,

AR BN A S 2 FEOFI91E, AR %
nk35he,

C -0 -] 1
[Z SD, . sD, }XE

i=1

ERDHOT, BT DL,

T (=) X (yi—¥) w1
n SDyXSDy,

FROEIH I yD 578 COV (x))TH 5
DT, HERHUZ.
cov(x,y)
7. K/ — ———
R 3 SDxSD
TERTE D, T2, WET— ¥ LS
T b, xydSDIZ1E % 5 DT, MR
I LS 2 D,

2. —1=HHBEFRH=1TH 5 L DA

W31 Cauchy-Schwarzd 3 & L 1EL 5 & D
T\ nffl Dx 2 Sxpy® F NN O Ml OFEF]
& nfl Dy B By, D Z N END2FEDFEA D
X, affOx; &y OFEOBMO —FLL L% 5
ZERIRLTWA,

(Zn: xi2> (i yiz> z (Zn: xiJ’i>z
A BETF—%
20 [ J
16

12

Z2Cy nloxEyDFH Rz, yE L, A
Dxbyk TNEFNOREIE S 2 Tl %
THED &, LEB3xbyD s OE, Hllldxsy
DI COV (xy)D2FIE SR 5 2 L8
T&5,

n n n 2
(Z(xi - f)2> (Z(yi - 37)2> = (Z(xi - - y))

it —0%) EL0i—9»H

n % n =

<Z?=1<xi -DW; - y))z

n
SHUEISDO ZRAETH H DT
SD,* x SD,* = COV (x,y)?

£ 0. WL%SDy £ SDy DR THE S & fiillid
x EyDOMBIRE D ZRIZHFEL { 2 %o

2
s (COVEY)
= s, x 5D,
Ty’ =1

COREROMED ., — IS HBFEHS 1550
2.

3. HEIFRHOFEEMY

BARKA L Lz &, AT X D HE S
BHESBHER 2O L2059 2 & % Fl
HLTHRES NS,

B. BELT—%

0 4 8 12 16
X

y
H2RIR 27 BIRE
1
. . .
s 4‘ 1 2 X
.7' -1
FEIRIR FARR
ol

Fig. 4 Meaning of the product of standardized data
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