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Spurious Correlations Revisited:
A second-order partial correlation is useful

for the test of causal relation among social variables

Shinichi KUSAKABE

Graduate School of Integrated Arts and Sciences, Hiroshima University

Abstract

Spurious correlations are often induced both in regression analyses using ratio data and
in logarithms of these ratio data (Kusakabe 2002a, b, 2011). Path analysis in the present study
proves the process for the induction of spurious correlations in regression analysis. Population
size always affects social variables, and therefore a correlation in a regression always consists of
both direct effects and indirect effects via the population size between the relevant variables. In
this sense, neither a per capita value nor a logarithm of per capita can be used in OLS regressions.
From these analyses, the following results were elucidated. (D) In regression analyses using ratio
data or logarithms of these, incorrect results came about in 20% of cases (Table 3). These results
show that OLS regressions using ratio data artificially induce the incorrect spurious correlation
due to indirect effects via the population size. (2) Second-order partial correlation is equivalent
to the direct effect of the 4-variable recursive model in the structural equation modeling and is
highly useful for the test of causality of the variables in question.

As an example, the current research critically analyzes the paper by Per Pettersson-Lidbom
(2012 in Journal of Public Economics) and the negative correlation found in that paper is shown
to be induced by the spurious negative effect due to population size.

Finally, I present the Law of Power Function in a broad sence for preventing the fallacious

causal relationships between the social variables in the cross-section analyses.

Keywords: Spurious correlation, Path analysis, Structural Equation Modeling, Second-order

partial correlation, Causality



2 HTF#H & —

After decades of neglect of causal analysis in economics,
a surge of inferest seems lo be in progress.

Judea Pearl 2009

1. EU®HIC

HEBBEFEFPRLELT, L{HESHEORK
AHatticd iz o Tid, —#m/ 2 #iE (ordinary
least square method, OLS) |2 £ 4 [AE 547 2547
, @FECAOBHN (LT, percapitaTh b
T) "R “GDP &7z 0 7 7 L OER T Oxf AR
EAaRHWSNTEFSNL, Zhid, L 224N
O%E (/212 GDPRIR) ZERL 7cHiZ” Ewvn ),
BELITFENEL”, “BRFEME"H/mEICL -
ebIT, IhEE)ANIREDLITHD, L
L, AR ABMERO S F T F LiEEEIEM
MegtRCid % HFEHERTH 52079 2 IZAM
EIEIC b bIEE A YORSESIIAOII L
HFEH 2 NFEAFNBEHR " TESRSL (HTH
2011)0 T X 9 et SRR % “per capita” OH{E
TRET2L3FSEFRR/mENG 6 EN, BF
G RICCREDTOHEPEL A LA L
FEE LA (B FH201D. RFTHHED b
WA« R oME T Iz ow T B L R R R
BELOTIOIZHLT L) BHTEICRf
TENRABIENTRIBETHLN, EHOE
BT AMEIEENL ORFEBEOMEIZ L > TE
Ua“REPTOME” IV T, #atFthE -
TR, /2, BHEREFRT o TL%R, WwEL
LN T o EELHRELOTH A,

BE, AERFEFLHEBFE R TIE, EE
@ per capita®® Z O HEHE S BT, BERES
T b, AFEILTIX, T 5 O per capita
P OMEEBREPAOGEEAAZE, REr
TOMEEFIERI LB TSR E5 152
ERRT, FLT, IhERIRTAIEADRNE
L GDPORIREFFERIZOF W 2 kKIBEHE R
LONRNWCEEZTRT, MIHI-oTiE, EE
HIBEMT 2 IEFEIC T A 70 HAROFEGEFIE LT A
) HSOM DM EIEEE V22 BA - £y va s
DT EITo TV D, RIELE T 5 ADRRILAM
DEEEFNEETELEIAIEEICEATL B,

fl 2 X, #WEECEEMELS E THEFOKX
EGMETH- 1220 L) RMEOHIZENT
LIEENTH AT ) BRIZIE K% Y /822 D per capita
THETZ L) LI IRAPEHET 5, 20
IEHRTHEHFESR B THFHAEFRIIELITS
LEERLRELZOTH L.

EHll, FERBEFIIBULEMELT
Journal of Public Economics (Pettersson-Lidbom
2012, 269-278) ICD > TW A “REB EH B
AT B S 234 7 < 3 7 (negative council size
effect) & FoR T Aam A%, FEiL, REriTOHE
R AR Z L 2, HAROHERTR
BARB LT A) HONBESBREROST A E
LT Lo

2. pAEEEHR

Hwv /&8 TRA7 2 A satER] &
NonProfit Almanach7» & & - T v %, On line T
Lole7F— bbb, ERT— 72 Tid [H
AHEHAFEE] L b, G FRE—Kk%
HEYG - BERRS T, 4ERU L2 dbb
BEFEBASHICHoTRY 7 b8 r =2
Amos (Arbuckle & Wothke 1999) % v 72, ARFHT
BERA L 72 &9 12 2 kG (Yule 1922, Yule and
Kendall 1973; McNemar 1962, Ley 1972, Kerlinger
and Pedhazur 1973) & EMIZHW/-HILITL AL
e, F-BAE, ZEALRELHEITEN RV
DT 1ROFEAEE &b, BRELRO L1012
fFie LTHHEL TH <,

per capita (AO&H7-0) OB TIL, il
HEEANOTE-72MEE) LE IR b O HkiE
EHLOGHEIToTWw5, thoETHORT TR
EMNEONBEREL 7O F F/XNABKTPL 2K
RAHMSTICHVTW S, KETAESEIEZ T
THETRLTWS%, 5%FHEKEEZ *THRL,
BETEWEIEIns TEREL TS,

3. NEXEHEFIPFHTIZIRYE
A\ DFERE " DAREE

per capita ° Z MO BEMBE TR L7 02+
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TAYHOHEEEEAQICH L T1RER LAESE (B) ERERK(R), HBERRE) OfE.

(Table 1. Regression analyses for the various log-transformed social indicators on population size. /3 is the slope of the regression
line, and R, R’ are the correlation coefficient and the coefficient of determinant, respectively.)

Table 1(a) Regression on population size

Table 1(b) Regression on GDP
IDapendant variables B r? r I B rt E 1-r
INPO‘ Nonprofit organizatins 0.841 0.808  0.953 INPO 0.823 0.928 0.963 0.268
Suicide 0.879 0.878 0.937 Suicide 0.824 0.867 0.931 0. 365
VOTE: Turnout in the house of representative election 0.895 0.960  0.980 VOTE 0. 863 0. 950 0.975 0.224
Welfare: State expenditure for welfare 0. 961 0.833  0.966 Welfare 0.924 0.919 0.959 0.285
Education: State expenditure for education 0.976 0.978  0.989 Education 0. 944 0.977 0.988 0.152
White: Nenhispanic white residents 0.980 0.966  0.983 White 0. 936 0.939 0. 969 0.247
GDP 1.019 0.974  0.987 Income 0.997 0.994 0.997 0.077
Income: Personal income 1.024 0.982 0.991 Unemp |oyments 1. 009 0.939 0. 969 0.247
Unemp | oyments 1.059 0.972 0.986 Public support 1. 069 0.967 0.983 0.182
Public support: Public support for NPOs 1.094 0.949 0.974 [Murder 1. 256 0. 845 0.919 0.394
[Murder 1.292  0.839  0.916
7vary7F— 7 BOREGH TESIZERENTO ) TogP r=0.965
: 3 . @ < - a 0g rop.
HHEAGE LB L AMELRFEBOETIVEH
WTHIL LS, ol
Eiem . = 0.956 i Log H
HAHSEET S OBEHEER, ADo~F = p=-0.123 IR ame
MHETEBESND (£1). 4 ZO0HEE et
Ep Ey) 2 AOxOSXFREME L TREATAL, Log Mail F=0.911
Y=o,
Y=o, r=-0.844
% b (b) Log Pop.
CERBEND, ak G EERLI-LED
PR (@) HEBUHUTLRHTHL, LI2h - ﬂ;%%%
T, per capita DAL, p=0.554 i = Home / Pop.
yx=artt by, CREYEL, Wik % (t=-0.2218
X EBITIE, Mail / Pop. 7= 0.482 (t = -3.69%)
Y=c*X", y=(B-1)(B:-1), (c=a/(o,")1ZERL)
ERb,
; Log Pop.
IR L C, per capita > xf Hfili i oo BRI, © =0
Y=y*X+loge &7 5, pm‘
5 } - t=-8.68%
INSOMFIXEEREOEECED ST E L p=0.604| ( 0085’ Log (Home / Pop)
. 5 - p=-0.
HEABMERTREPITOHBETH L, L7120 - T, (t= -0.2218
INHEOETINDL TR SHLMMEK, per capita Log (Mail / Pop.) 7= -0.580 (t = -4.78%)
MoOMBETL, TheOFHERMBHEOMHET
Figure 1. Path analyses decomposing the spurious

L, QAL E B ICHEHER B,>15h28 >
1) OISER, £7203, ADICH L & b I2EREE (8,
<U2p, <1) OIRER THIED RE 2 oM
@ADL HR LA 2 BEE oM aEbE (B>
12208, <1h, <128, >1) OBEFIED
Ry oEsmt s Z L3 TFllshi,
LLIF o 3 2DBIT, per capita %° Z L DX FAs 4
EErRAVEZEILL> TAORN LARENITO
AP AN AL Z EERIEL &£ 9.

correlations into the direct effect and the indirect effect
among the variables: the population size, the number of
mails and the number of the homes for the aged. (a) Path
analysis among the logarithm of the observed values. (b)
Path analysis among the per capita of the observed values.
(c) Path analysis among the logarithm of the per capita
values.

(B1 BEOHMEFBBEHH (Mail) &EANE
FEEEE (Home) & D/NZAEEHh. (a) RAIEDMHHE R
BRI T D/ Z M. (b) per capita 8 T D /Y ZEE#H. (c)
per capita OXHEFTHER T D/ M. )
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OFl1  EHEFRBEVHEZATERIHED
189 (Figure 1)

H A O EERTE O S EWE(B, = 1.3052) LEA
SRR EL (B, = 0.6736) DB 2 /S A & AV T
SH LB LMEOMELMF LTI 9, kit
ONRFEBEFTVICL BTN LT, y
=-107 LHEEESNE LB NEORENITOM
EABHBENRTLBL LAV, ChHLOER
AN oEUE % v TS AT & 1T 9 & Figure
)it RoNnd L5 3EHOMRELHEL. BE
W #(Mail) & B 7% % (Home) & D EEA R (/52
R ERFEIFHRED) 1 -0.123(t=-0.93") T
D, FoL HEETELR, ANOMELELIK
RHIBEOfEIX, -0.138(t=-0.93"), Ad& GDP
DOFEREE L LI 2 IRIEHBREUT -0.104(t=
067 THERBRIIBRE Sk o7z,

I EZODOEED per capitaDEE & - T[H
W7z 7S A AT %97 5 & per capita i DAHE T,
-0.482(t=-3.69%) ¥ 7z V) Figure () D FH R = 5 5.
IR EESRE® -0.021(t=-0.22") - A % B&H
L7-RsERh S (RE2 T OME) -0.833 x 0.554 =
0461 LA ESNMETHE L HBbr b,

per capita DX FEMH % L - TRk R S AT
%479 & Figure 1) DR *1B 5, 72 LI HE
M ¥ L Hti 5% £ 0 per capita O % 22 HAE R ) 4 B
2, FRELTWZL 92 -0.580(t=4.78%) L 72 5
A5, ThIZHEER RO -0.085(t=-0.22") iz AO%
e L 7o R Esh R (R T O AHB) -0.821 x 0.604
=049 LA SHIMETH LT LD DD 5,

ZOPlit, RREELZEOMHEM I S LRE
TId 7\ D2 per capita ¥ 7213 Z R EEIRAE A v
Tz lilkoTRHlARZ SN REDITOHEMTS
Lo DF N, percapitaff], ok, TN OHEE
BER L > THEIFRAM 2 IToTWA I &I, AR
BREBRVTWAOTELL, ANATEBZ EICL-
TES B TAOSREFEOAATHE I EERL
TWb, TG ETRAITEINTEL“AOBT:
D OIE” TRIGA T A5 EORMERTH 5,

@ffl2 FMEFREREBEAEEHEDIAERE
(Figure 2)
H A~ D #R KT L T 15 (Income, £, = 1.122) L 58

452 F M (Unemployment, 8, = 1.027) & ORI T,
NREMBOFRICHZZEZIC R LDV
MOIEDHETH->THEVWDTH SHHY, Figure
212RT L9z, HBREAEFE T S & per capita
BT, -0.392(t=-2.86%), IR OMEERMERT
X, -0433(t=3.2% L FBELBADEE 5. Filll
R L7Z-B0/ME B I L) ZLid, E
EIZZ NS ORIZRENTOEOHEE Lo
WEORIEDSEC TV A EHEIITEO L FEERE
B TROBVEESEFADEZA LZEORRIZ
FoTHBHEEATWEZ b3, ZOBE
(L, BRETE BN OHIMNIIEE R o 1 ANIR
Rt E REHR L OEBEMNRC0I)AADE
- L 7= 46 B (0.340=0.600 x 0.568) |2 X » THEH
5B/ NEEA S ST B,

(a) Log Pop. r=0970
p=2.017
— #*
p =099 YERhEEE) Log Unemployment
p=-1.058
(t=-5.33*
Log Income r=10938
(b) Log Pop. r=0.068
p=0483
p =0.606 {t=3.08%) Unemployment / Pop.

p =-0.684
(t= -4.37%)
Income / Pop. r=-0392(t= -2.86%)

r=0.104

(c) Log Pop.
P =M
(t=3.91%)
600

p=10. Log (Unemployment/ Pop.)

p=-0.773
(t= -5.33%)
Log (Income / Pop.) r=-0433(t= -3.22%)

Figure 2. Path analyses decomposing the spurious
correlations into the direct effect and the indirect effect
among the variables: the population size, the personal
income and the unemployment. (a) Path analysis among the
logarithm of the observed values. (b) Path analysis among
the per capita of the observed values. (c) Path analysis
among the logarithm of the per capita values.

(B2 BAOEBEAME (ncome) & RFXEH
(Unemployment) & /¥ BT

(@) EREOMBERERTDO/NIBEMN. (b) per
capita B TD/NZEAR. (c) per capita DIFHEHRE
RAT OIS BRI, )
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@FI3 TAVHOHBRABEBETEOHEBS
(Figure 3)

T A 71 FBI OARFERCER L 7-8 DI H |2 34
ESNT 5, IO TiizE (Forcible rape) ZZ1T X A
FHzx LTl oz m 4245, doiskix
Pl ) IRVEEROINE R T, 75 LF 2R
NE(Murder) & 73 - OHBIIEVBOREH
TOMBEAPKRHENTEREWITTHE, LiL,
FARILTR Il T 55\ IR RY R AYE E AT T
WAL B, BRE L TEHBIRPLIEDHEA
BHENL{6WTHA) ZEDHENENS,

IS A SRATAE R % Figure 312787, FAEE D per
capita [ (0.123, t=0.95", Fig.3(b)) C &, % #HZ i
B (0.161, t=1.13%, Fig.3(c)) Tb A F M & 1%

(@) Log Pop. r=10.948
(t=4.99%)

p=0944 Log Rape
p=0.298
(t=2.23%)
Log Murder r=10927
()  Log Pop. re AL
p=-0349
p=0508] (t=-2.18%) Rape / Pop.

p=10301
(t= ly
Murder / Pop.

r=0.123(t=0.95"5)

(© Log Pop. r=-0.163

p =‘-®
(1= -2.28%)

p=0574 Log (Rape / Pop.)

p=0380
(t=2.27%)
Log (Murder / Pop. r=0.161(t=1.1305)

Figure 3. Path analyses decomposing the spurious
correlations into the direct effect and the indirect effect
among the variables: the population size, the number of
murders and the number of the forcible rapes. (a) Path
analysis among the logarithm of the observed values. (b)
Path analysis among the per capita of the observed values.
(c) Path analysis among the logarithm of the per capita
values.

(B3 7XxUhOMOFEAGE (Murder) LiEE
(Rape) & D/NZEEAT. (a) EAMEDHHZEHRERT
DX XA, (b) per capita B TD /YR, (c) per
capita DITEEHIER T O/ B, )

wIRT Bz 5

LoTwiv, NOMEFINAALLER FF
RIEOBEBHENRIHEBRINTHEE TR Bt
LB AS, AOLGDPOESL LD
WZER 72 2 R R HH BE AR B0 0.306(t= 2.16%) & 7
Bo MANELRBOTEMEL L o THRAMHFTT 5
& Figure 3() 12T L) 2, BALHEERLE ORI
HELZE0298, =232 s b, A
B, BBEOMEERMEL &> THRABNT 5
¥ Figure 3(c) \ R T RIC R 5. EEPRIHE
72 0.380(t=2.27*) T 5 A%, A% A3 5 BEL
F(-0380 x 0.574=-021) |12 L > THIFBZ ENEET
VB 0.161(=1.13") 2k o 722 L Aib 5,
HFEMYHRET AL CAPHMEBENRIZ LT
HENG o7z THDS,

PAEoB % R 5 &, percapitalf], 72132 D
WHERER TRFEBOTFHEIZE S HATHIRE
OFEMESWE S N-L, HEREOEICLT
23FELLOVOMBEOENNE SN REn
JOMBOFEELHMLTwEI LIZh b,
12, NFBEHOFEN L2, M A
SRz h, FHROMBEIHIE S A A R
BRIPLL R EEDRIFEHCTW B Z L DOFE
WELLZDTHAH,

INLOFHHIL RENToOMErEEh
BIAEDHEHMEC X, AR R A per capita & V2 9 il
FEWAI LI o THEOAENGZ L ARET
&, [BIJ& 7347 C per capita D % F\: 5 fa i A3 HE
Ban-0TEZWIES D DF D, per capita
PIOMMEREZ BT RICH W
BIRAITIZIIE A EBHRELZ W LIZh 5,

FRNTIRERIE, OZDL) 2 ABHIZHE-
PR E N DB TR 5 TV B DA, 2L
T, QI x 7R T 2O FELD L2000 L
Yo BT T hHd Dy

EiX, BRINLOW IR # LV
D, TANIDOI—=x ) Fr EYILOFEEH
FrEs, Wik, EEL TV ABETHW 290
MR e B0 TREEBNTD, TAYD
OHSELMEFT NS E Li-0ldEd, BHikEs
EVAARELEEVH o/ EIIVE, TAVIE
SHP O0 S I 3 7 72 1) TS VR A 1 B
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ENTVWAB I ICERLLA(HTE 2012), AR
BROBFEIZHW A EERL LTAMTH S L&
BRLLN7ZPLTH b,

4. RREFRERLT 5 2 XIRHEER
e ZDIRET

(1) B¥HrUOEMERRT % 2 X{REEBRE
—f%IZ, ZOL)RRENITOHEBEERL 2D
IR 3 OEHOMEE I REBHRE O
AMAEBEWNEEZ S, Figue d@)2Rmd X 92
2EHX, X, ZE3OEHX, OEENRREZ
FTw5E, ZOR, 2EFX, XLOLEKROHEB%E
RABCEENTROREU L U,OFB 2L
BFELR bRV, INDPEHXGOME LBV
X, 01 RFHETH 5. L7zd>T, ALF
BARCOIEADCHT 2 ERRZE (HTE
2002, Ley 1972 @\ partial score ¥ 723 residual
score), U, & U, OB %W & X% 6 v,
3EHEX, XML, ChooiBEEEE

4(a)

’-1/3."’(l Gl
\ F12+3

X241

4(b)

P137F13 <10
\T b

Figure 4. Path diagrams expressing the first-order partial
correlation (a) and the direct effect between variables (b).
(H4 (a) 1 RRHEREREERT /NI (b) B
RERY/NIE.)

X3

F12#3 - F14%3 X 724*3

V 1-riga? XJ 1- ryges?

F12+34 =

Fias Fazs Fy3 &g, L@ﬁ—j}%%@%blf:z\’,, X, D
RARRE4R 150 1,

F12-F13 x 123
Vv 1-ri32 XJ]- ra32

F(2+3 =

Lirh,

Figure | ~ 3 Ci&gf L C X 72 A 2T OAEE
ALTL %88 % B3R L72E T VidFigure 4b) TH
Ao 2EHXEXEORICE LN AHE & E
B2 R T AGREp, E EHXG 6 2EHX,
X, ADETENEDy & p & OBp % pyy L O, 1y =
m+MXm&&éooih Pz AOET

T2 T A% L2 Bps < pu A AL TL
LI LD, INFREPITOMBEZFIZRET
To LCHEVWPRIAODTEEL TBEIWD,
HNARE @) IEEREFREEERLTHLDT
ZOMIEXPL 6T LS 1 AR ST Tk
2, 1 %8z 2560 H 5 (F 2 13 Figure 2(a))o

% OREREIZIAD L FRICEZES YR

TGP R EA5 2 TE N, Ak ERIZGDP
O EENEIFET 5 L TXTEVHEBEERT (X
1)o L7255 T, B o RSB F O BGE
ELTiE, ANOBRZF2BRVWTER B2 TR
{, FIFIZGDPORIROGBEVWTEZ AN LW
EHIBrE NS, Zhid Figure 5(2) 127RT X, Xo, X,
XDAEHONRA@E LTRRENS, 2FHX,
LX, DR BEE BT 2EHX, X088 % R
FTAHHIZEU EU,BOMBE (ra) * RiTh
W bzw, TP 2KROFEHEBRETHL. 2
I OBRH TRT I IICKRONKTRES L
Lo 1ITH®R L, 8@ Figure A2 70 5 35 X
na 1 kEHERE»SmAANTHY, 29TEHD
70id Figure 5(a) 2> 6 FFE S N 4 8% O 2 ZEAHMA
B HMART, LREMETIIH P FMETH
LHIEMHEBENA,

iz - r12r342 13723 = F14F24 + F14723F34 + F137'24734

J (1-r342) - (r132 + g2 -2r13r14r34 ) x4 (1-1342) - (1232 + 242 -2r23r24734)
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5(a)
X3—» X «— U]
F12+34

X4¥—> X2 «— Uz

5(b) p
X3— X} a1

Tplz

€
Xf—> X1 o«

Figure 5. Path diagrams expressing the second-order partial
correlation (a) and the direct effect between variables in the
recursive model in the structural equation modeling (b).
(E5 (a) 2XRERRMERTNIE (b) 4FH
BRETIVOBELFEXIMICH T 2EEDIRERT
/X2, )

(2) NZBHOBEEDR & 2 XRBHEFRKNE
BiRE A OEE

2 KIGHBREFERE NI EOBE D D 5
PERRT O, T A hOMNEOHEIEEI0E
H (£ 1 0103 H NPOH, Thei B BB EHN
BN, AWMNPOLIEE, HAFE, HATE
DHEEBIH, BAHTHOBETH, HEE
BoEEEH v AN v IRAABFEER

®2 TAYHOZEHSIEEROBERE DA
At fE.
(Table 2.

M D450 A E D THEST 21T - 72 BRI
HEMROBIEEE LTHVoN RS
#r (Arbuckle & Wothke 1989, Bollen 1989, Schipley
2000, Pearl 2009) |2 L HEENROME L AEN
TR L7z, BEABRAGHONZETVIZAO
EGDPEGH VRO 2EBO AL BBERET I
TFigure 5(b) IZFHHE L, ETNVOMHEELE ZD2
TR OEER (0 OF EI 2 RIFHAM R
(Fi2es0 Figure 5) OB EM L ZITFMTH A Z &
PHE SN S,

SRR ERZ2IRT, 1ITEOT Y v 7 ko
BEd 2 RIRHABBRHT2TED A ) v 7 kA
BEAFEXSTICBI2EENETH L, 2o
DOFIZIEHI2BEOES2EBRLNEY () K
AL tfERIEIRE L TH L, 72, 1PI%K
WTTRTT2REHBBHOUENR SRS D
2o TWad, B2l -2o0ME (BAREE
ZHERAN, BIUAABEEHELBR) T%
BFEKREL=201%HATVIHITITHELVLEE
ATRWw, 20, BEHAEAGTIZIBT 2 EE
BEOFEEML 2RORHMEROFESE LT L
AFRLEEZTEY, 20A%S L g 5 —#%
I BVT 2EHEOERNIRERIET 2 H
L LTHEELL 2RFEHEBFREE AV 0138

117E 2 RREEE, 2TTEREAIEBEMICH T AEEDR. ()

Correlation matrix among the social indicators in America. In each cell, the second-order partial correlations are

expressed in bold numerals, and those of the direct effects in the structural equation model are in italics. The shaded cells indicate
the discrepancies between them. The t values are expressed in the parentheses.)

Yote Burder Pub. Sup. Income Eduo. Welfars Suicide Unesp | oyment Whits
0.726(7.05) | -0.562(—~4.56)| 0.741(7.40)| 0.523(5.07)| 0.440(3.37)| 0.4562(3.40)|-0.217(-1.40)| 0.050(0.33)| 0.291(2 04) 3]
1.014(7.36)| -0.680(-4.76)]  0.870(7.73)| 0.150(4.30)| 0.189¢3. 52| 050503 55)| -0.235(-1.56)| 0082035 04220213
-0.443(-3.31)| 0.463(3.50)| 0.450(3.46)| 0.212(i.45)| 0.220(1.51)| 0.048(0.33)| 0.140(1.01)| 0.422(3.12) Yote
~0. 749(-3. 46) 0. 760(3. 65) 1. 141 (3. 62) 0.360(1. 52) 0.275(1.58) 0. 063(0. 34) 0.126(1. 05) 0.437(3. 25)
-0. 212 (-1. 45) | -0. 427(-3. 16) [ -0. 118(-0.80) | -0.006(-0.66)| 0.228(1.67)| 0.220(1.57) | ~0. 277 (-1. 84) Burders
-0.218(-1.52)| -0 102(-3.30)| -0.041(-0.83)] -0.071(-0.68)| 0 175(1.64)| 0 114(1. 64)] -0 I58(-2. 02}
| 0.463(3.41)| 0.241(1.67)| 0.677(4.73)| -0.270(-1.88)| 0.124(0.84)| 0.030(0.20)| Pub. Sup
0.111(3.56)|  0.674(1.74)] 07554 94)| -0.213(-1.96)| 0 241(0.88)| 0.052(0.21)
0.137(0.83)| 0.132(0. 88) | -0. 351 (-2.62) | 0. 310(-2.10)| 0. 165(1. 13) Inocma
0.20000.97) 0 41000.93)| -0 109(-2. 63)| -0. 148(-2.28) 0.069(1.17)
0.473(3.60) | 0. 246(-1.T1)| 0.240(1.68)| 0.1569(1. 08) Eduo.
0.2223.75)| -0.112¢-1.783) 0 167¢1. 73| 0.097(1.12)
~0.440(-3.29)| 0.243(1.68)( 0.018(0.12) Wolfare
-0.425(-3.43)| 0.360(1.75)] 002360 12
0.113(0.76)| 0.279(1.98) Suicide
0.073(0.79)| 0 208(2.04)
0.179(1.22)| Unemployment
0.205(1.27)
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HEEGEE BT 52 Fk L L UEE U
ERIL & S22 RIFBHBRENTTRETHLZ L%
KL £2C, QTHHL24EDTTOHM
HEbHET, 2REHEBERELE, MuEHEH
BEHIZL biZpercapitaDEZ o /2 & E DM
BARELIE = = O BSRE % v 7 b & ORI
BEBLUFOFESREZFMT 5.

HEIIEIOZ/E IO 21T B IZ per capita® #f
M, 31TEICZhoMEMOMELRT, ¥4
DT 9 omMAEDHE (9/45, 20%) THEN
HEIZDWTOA—HDBRLNL, BnERLHE
# X 5|2 per capita & = DX HEMREHFE G L
T2RIFHBERELSTN TR EnH 2 &
ANOBHEA A L7 R RA 2T OMHME %
Bl LT AT EEMEAE 2, Per capita®®

®3 T A HOEEHZEREEOBEE SR

=

OXFERE S Az BERGAT IR, AR
BAflry 2bEs LTidedEirnwl &af
Fo&D bk,

FICHOTA L /zhs, 7 A A ORYEIRIE
7- 8HEOEB TREIN TS, TNHDTIH
HECRIBOSH %iT-> THFLIIRT. 2kIREH
MRitI2loeToASHhE TRWHEBEZRL
Twh, 2F )7 XY AS0MDZFNF IO s
LI RINVSVTEETHLERHAINLLEA
FHRHDLEEZONLFERTHSD, LiL, per
capita®® C DX FABE T W adma s o
HAEHED 3 DDA (3/21) TA—EHIEZ -
Twd, Zhbid, TTIEH@THSL LA
AR AL > THELLZRENTOMHE TS
Bo

PLE 4TI, per capita R Z O xf L HE %
A /zRlEaH T EROME L HET L Tw
528N OBETHEES 22 L TWw AR
EHEWEW) Z IR b, T, HEEREOK

1 7R3 2 X1EHEME, 2778 per capita BIOMHEEEERE, 3iTEIE

COMBEREBOBBERE. VABETLAEThADIETSHS.

(Table 3. Correlation matrix among the social indicators in America. In each cell, the second-order partial correlations are
expressed in bold numerals, and those of the per capita data (the second line in each cell) and the logarithm(the third line in each
cell) are in italics. The shaded cells indicate the discrepancies among them. The t values are expressed in the parentheses.)

Vote Burder Pub. Sup. Inoome Education Wolfare Suicide Unesp loymsnt Thite
0.725(7.05) | -0.562(-~4.66)| 0.741(7.40)| 0.523(5.07)| 0.440(3.37)| 0.452(3.40)| -0.217(-1.49)| 0.050(0.33)| 0.291(2 04) NPO
0 768(8 31)| -0 649¢-5.91) 0492392 0338249 0.562¢4. 70|  0.478(3. 70  0.08500.59)| -0 172(-1.21)] 0.331(2 43)
078408 13| -0674¢-6.30) 0599518 0418319 056504 74)|  0.456(3.55)] -0.031(-0.21)| -0 157¢-1.10)] 0 369(2.75)
-0.443(-3.31)| 0.463(3.50)| 0.450(3.46)| 0.212(1.45)) 0.220(1.61)| 0.048(0.33)| 0.148(1.01)| 0.422(3.12) Yote
-0, 607(-5. 30) 0.249(1. 78) 0.175(1 23 0 280(2 02)] 0.256(1.83) 0 249(1. 78)| -0. 054(-0. 38) 0. 483(3. 82)
-0.601(-5.20)] 03212349 02311 64)| 0293(2 13| 0259(1.86)| 0 .216(1.53)| -0.044(-0.30)] 0.552(4.59)
0. 212(-1. 46) | -0. 427(-3. 16) | -0. 118(~0.80) | ~0.096(-0.65)| 0.228(1.57)} 0.229(1.57 | -0. 277 (1. 04) | Burder
-0 161 (-1. 13)| -0 189(-1 33)| -0 233(-1. 66)| -0. 174(-1. 22)} -0. 055(-0. 38) ﬁG_Sj}(E 29)\ -0 5571 (-4 58,
-0.097(-0. 67)| -0 150¢-1.05)| -0 207(-1 47)| -0 154(-1.07)] -0.071(-0.49)| 0 359(2 6| -0 416(-3.17)
0.453(3.41)| 0.241(1.67)| 0.677(4.73)| -0.270(-1.88)| 0.124(0.84)| 0.030(0. 20) | Publio support
0.662(6.12)] 0 455(8 54)| 0.563(4.72)| -0 326(-2 38) 0.090(0. 63)| -0.070(-0. 49)
0.676(6.36)| 0 4493 48| 0.522(4.24)| -0 422¢-3 23} 0.081(0.56) 0 006(0.04)
0.137(0.83)| 0.132(0.89) | -0. 351 (-2.62) | -0.310¢-218)| 0.165(1.13) Inoome
| 047203 712 0.193(1.37)| -0 447¢-3. 46)| -0 208(~1_48)| 0. 082(-0. 57)
0481(3.80)] 0 155¢1.09)| -0.505(-4.05)] -0 202(-1.43)| -0.051(-0 36)
0.473(3.60)| -0.248(-1.71)| 0.240(1.66)| 0.159(1.08)| Education
0 493¢3 93)| -0. 168(-1.18) 0.071(0.49)| 0.041(0.29)
0.467(3.66)| -0.274(-1.98)|  0.069(0.48)]  0.121(0.85)
-0.440(-3.20)| 0.243(1.68)( 0.018(0.12) Welfare
-0.278(-2.00)] 0.171(1.20)] 0 02000 14)
-0.353(-2.62)| 0176¢1.23| 0 10900 78
0.113(0.76)| 0.279(1. 86) Suioide
0. 025(-0. 18) 0. 324 (2. 38)
-0.011(-0.08)]  0.204(]. 44)
0.179(1.22)| Unemployment
0. 005 (0. 04)
0.145(1.01)
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(Table 4. Correlation matrix among the crimes in America.

In each cell, the second-order partial correlations are expressed in the

117HE 2 k{R4ER, 217HE per capita B OEEFRE,

_bold numerals and those of the per capita data and the logarithm are in the Italics. The t values are expressed in the parentheses.)

Rape Robbery Assault Burglary |Larceny-theft Iotomiolo
0.306(2.16)| 0.757(7.76)| 0.690(6.38)| 0.562(4.56)| 0.308(2.17)] 0.423(3.13)
0.123(0.95) 0.754(7.95)| 0.667(6.21)] 0.623(5.51)| 0.268(1.93)]  0.428(3.28) Murder
0.161(1.13)| 0.7999.21)| 0.731(7.42)| 0.622(551)] 0.332(2.44)] 0.547(4.53)
0.333(2.37)| 0.500(3.87)] 0.528(4.17)| 0.418(3.08)| 0.385(2. 80)
-0.034(-0.23)] 0.445(3.45)| 0.357(2. 64| 0. 326(2.39)| 0 203(1. 44) Rape
0071049 0388291 0431330 03892 93| 0 267(1.92)
0.611(5.18)| 0.638(5.56)| 0.394(2.88)| 0.577(4.74)
0.566(4.75)| 0.431(3.30)| 0.162(1.19] 0.511(412)]  Robbery
0.657(6.03)| 0.552(4.58)]  0.314(2.29)]  0.669(6.24)
0.666(5.99)| 0.528(4.17)| 0.507(3.95)
0.622(5.51)] 0.438(3.37)| 0.371(2.76) Assault
0.655(6.00| 05154 17| 05945 11)
0.736(7.30)| 0.672(6.09)
0 687(6.55)| 0.522(4.24) Burglery
0.733(7.46)|  0.656(6.02)
0. 656 (5. 84)
0.506(4.06)] Larceny-
0. 621(5.49) theft

ke LT 2 RIRHBREEE DO THAMTH S
ZEzHEIRLTY A,

5. = : WABRSEEER AT
B tH O AR

HEMFEOPTHRDS L {OLSHEFEFH A H
WHENLDIFEIERBEETHA ). Will, EX
3E Jowrnal of Public Economics |~ 5 #% & 1 72 Per
Pettersson-Lidbom (2012) D 35 L & Mg L T A A,
WhFbn T aHEIL BARSEERLLT
THRIBOBRT, [—HiZi, “HEENFHEZA
ETTBIHBHEAE"LIRERLLEEHH, 74
LSy RERY 2 =T OREP LB NI
RIIWT, “HREHIEZ A LATHEHITHS ™,
2N BOFELMEEFEESINIZY] Lv)
bDThHbH, ZOFHRERNL, 20X 2R
L0 ENATRERIZOVWTERYERLTY
Zia

ZOHILDBERORBIECED L D RBIEMEIZ

oL TEBEBSTZIT> THRE7IZ2WTORME
BB El{nwIEtThHsb, 2%V, percapita®®
C DX BEBREE RIS 2 E D ALE
BRIZDOWT OB E L 72 { TERER ML
b L THbh T b, FE(Table 3-6 in Pettersson-
Lidbom 2012) @ F (ZNotes & L T SN T 5
D3P ST 25 #4112 per capita spending O % flE,
M ZE 2 Councl size (BEHE#1) O X #{E & L&
ShTwib,

—#s, HEREOIOALZ Y arTF—F
TRERLAEHIXTEHOER” (HTE
2011) AHEERRYIZELD LD, ROBEERET X))
AOGHTRT LI CHARSEB RO H AT
HEZWHFEAOOXFEFKLE L TRHATE S,
L ANO%x, %y, BEHEL v, TR
& &I S 1B, Pettersson-
Lidbom 2 it |8 28 $1(Y) & L 7> log per capita spending
13 log(y,/x)=log(a, *x" y=log a,+(f,-Dlog x & F IH
2R, MAITEEHGX E L7 log council size 13 log
y=log aytp, logx LXK SN D, ANODOEfE*

w=a ¥ X, y=ay*xt,
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AT (X = log x) & L, ¥ =log a,+(f-1)*X
ODAOMNEKEEOEHRBEFETERSINL, 72,
log council size & FR 37 2L £ (X = log y,) & T 4L1d,
Y=y*X -log aytlog o, , (y=(B-1)/B), L&D, &E
HoMEE L ORI, BBOAREyoBEMRE
LTERHIN, HEBROFEIIELLTEEL
HEPBRE SN TOBP L 2wDTHE, —fik
2, B AN v Ll o inE 7§
OTRIFTENAS L, LKoo THROESZy
BRI ZENTFHEINGE, 747 FEA
V=T DT = BFIZAL VO TEERIE
T 5 Z & AV L v AT Pettersson-Lidbom @ 434 i 5
XL S BRI OB TH L REtEd . H
AL7 A OMGTHRBRBOB & 5T LENL C
NERT,

(1) BARDHMAHREF MATHEEE & DOHER]
HADEER IR B B & TECE 2 0
WL TAOONEEICEIFET S & BBL-REMRR
BTEDL (FDH)o INGOMNEERMEFH T
INAEMNT 24T 9 & Figure 6() 2R T /YA %155,
HOERTE A & GDP, HiismSiEEH, T
e OMO 4 EEERET NV EEEL, AMOST
INATENTT A L RSB EITHEIH & O]
22, AOLGDPOREZR LD DBV 2R
ORI EEL (r0e30) 1 0.299(t=2.23%) & 72 V) | [
MELDRRKEV, 2 D “EREEIEZ T

£5 HARETAVHDOHABRESHER SHWARHIC
DVTOALOIIC 20T 5 EF A4,

(Table 5. The regression analysis for the log-transformed _

council size and the expenditure both in Japan and America.
B is the slope of the regression line, and R is the correlation
coefficient.)

IDependent B Correlation(r)
JAPAN
Council Size 0.435 0.9774
Expenditure 0.912 0.9863
AMERICA
Council Size 0.163 0.3387
Expenditure 0.982 0.9852

FTHEHREBEZLZ LW ZEPHLRTH S,
Pro X%, BERETBEHEOBAE,
Pettersson-Lidbom (2012) %434 L 72 FHIZ %2 5 -
TIT2TALEEIRATHAI A ? T, Hil
WCAOTCE - /-percapita ) LEHLE L TAB,
Figure 7(@) TR T L ) I EOEE LB =77~ T.
CHIR“NXFHEBOERN"IZL > TFHITE S Y
BRoOBRTHN, UK RELTOMBEIEDN
Lo CITEELI-VOER GZEAAO) OfET
5o TEEZHIE AN 5 83 O N L
7 NOICHEl - 7216125 % & MEMICADRE
PHEDATN D, T AL oRHEE % R
o TELFigure 1) iIZ;mdaNTW5b, T OME
AL, Pettersson-Lidbom (2012)SHEl@ 2 s L C
Bwi: Gl A0) oxdffEs & > THEL
7z (Figure 7(c)) » Per capita 3% H X #fif 12 A
OO EAEI AT L, Y=1log a,H(B-1)*X O 45 B 1%
TRUHSIN/OTHEEZA2FET L L B-1=0912
—1=-0.088 & 7z O Figure 7(c) ® [0 17 1 # O 4E X

(a) JAPAN
0.717(t=6.57%) (R2=0.976)

Log Population Log Expenditure
i 0.587(t=3.27*)
0.986 0.275(t=2.52%)

Log GDP —_— Log Council Size
0.396(t=2.21%)
x2=0.485; df=1; Prob.=0.484;
GFI=0.990; RMSEA=0.000; AIC=18.91

(R%=0,960)

(b) AMERICA

0.367(t=2.20%)

Log Population Log Expenditure

(R2=0.976)

1.414(t=1.721%)

0.986
0.619(1=3.70)

Log Council Size
(R2=0.960)

Log GDP

-1.082(t= -1.3115)

x 2=0.485; df=1; Prob.=0.484;
GFI=0.995: RMSEA=0.000; AIC=18.49

Figure 6 Estimated caunsal model for council size and
expenditure both in Japan and America.

Figure 6. Path analysis showing the direct positive effect
between the council size and the expenditure in the Japanese
local governments (a). In America, the effect cannot be
detected (b).

(M6 BE@&E7AVH OIETIHEHRSHS
HEMARE & DEFEAEENIT. )
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Figure 7. The regression analyses between the council size and the expenditure. (a) The regression between the per capita
observed values. (b) The regression of the per capita expenditure on the population size. (c) The regression of the logarithm of
the per capita expenditure on the logarithm of the per capita expenditure. (d) The regression of the logarithm of the per capita

expenditure on the logarithm of the council size.

(@7 BAOWAHESHEHAREEOBERASH. (a) per capita BIOEFESH. (0) AODMEBICA VT 5 per
capita D HEHEOERAH. (¢) AOOIFHIEIZ 720 F B per capita DA HEOMAEOEIFFH. (d) HBEEO
W E{E LS - F B per capita DT H O I EHE D BF 34 )

0.0885 (23T —F L TWah, FMIEHTYE
BHOMMESL T L FH SN EREROES
ity = (0.912-1)/0.435 = -0.2023 & 7 1) Figure 7(d)
OIEE -0.1687 120\ FEIZAFHEBETNVEH

7 #1 % Pettersson-Lidbom (2012) 23 [E)F 4547 L 72
LAEENL LS, ANONEE #ERON
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¥ifi & per capita spending (TB(ZH) DR T/¥A
fi# #7 % 4T - C Figure 8 |2 7R 3, Pettersson-Lidbom
(012) A3 L 7= B OFHB L FE A 12 -0.422(t=-3.23,
Figure 8(b)) & % 2 7%, Ziuidd TIz5Edk L7 X
IIWCERERRIABIE AO% A L7723 F0.977%
-lRGDFNZ L o Th 7z s BERiTo
HEATHAZ EXHBIZHRB TR S, BE5H
¢, Pettersson-Lidbom 2012)12 7 4 » T » F A
V=T DIFNOGHTRL L) 2EREED
EENEOYR LML TERE T ITO/LOTSH

5o

(2) 77XV DDOWABEREHATHRILEED
Gzl

T AN A OFBET A LiEv B i o
MZER L, FEEREOHBE I (0.339*%, £5).
2%, TAVATIEEBRIS T ) AOIKE
LZzvy, 2F0), MHEAOOKNMIEHLLTER

(a) Log Pop. r=0.986
p=0717
(t= 6.49%)

p=0977 Log Expenditure
p=0275
(t=2.50*
Log Council Size r=0.976
(by  Log Pop. r=-0.497
P :_396\'
p=0977] (t=-331%) " Log Expenditure/Pop.

p=1431
(t=2.50%)
r=-0422(t=-3.23%)

Log Council Size

Figure 8. Path analyses decomposing the spurious
correlations between the council size and the expenditure
into the direct effect and the indirect effect via the
population size. (a) Path analysis among the logarithm of
the observed values: the population size, the council size
and the expenditure. (b) Path analysis among the variables:
the logarithms of the population size, the council size and
the logarithm of the per capita expenditure. Note that the
negative spurious correlation (r=-0.422) is contradictory to
the positive direct effect (p=1.431) between the log council
size and the log per capita expenditure.
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(1) 1 ROREHERRB B HERFRBICDOWT

COEHOBRIIEZOEHIEG LTV A5ERD L, TO L) RIFIIEZOEROMREIY R
V7= (partial out) ZODEROEL LOMHBARIET A Z LKW TH L. CDL)ZRIZBVWERL DN
{RAHPY (partial correlation) DR ETH % o

Figure Al % B2 25 RMHBEBEOZ 2 L RAOFEIZOWTRHET %,

DEHX L XNDHoT, LAEXOEBEYZIITVAH, FOMBESALE, papy TERENS, &
BXEXEXNUMNCERERU, EU,ORBE2FNFRZITTwD, 2OU L U,OBERXGOME BV
X X DRAAEGEE 2 ERT 5, X, & U, OB, BLUX, & U OHM I part correlation, F 721
semi-partial correlation & FHEN TV 2 M % BT A0 AL T S7z05, A AR ERE IR R
WTHy, HERKELIIRELY, ZoOMEMEN1EZRILIZI LD 5,

NARD S EVOMHBEBERTERASNLIXzEEIHTIIR 20T ENH 4,

D7 S AR OFEARBA A 5 FET 5 HE

(HAI] SABICEIT 2 2B HEOHEIX, 2 20BN/ EL AT XTONARRORRMIZZ 5.

1272 L, == LUE 0> /% A % R 02 5 = 75 ﬁ Figure A1 ryz#3 @ a first-order partial correlation
(=Xe), Wh® A& (Collider, Pearl 2009) # p13 X] < 4L U
EBHIZELARIEE<.

X3 r12+3
COHANIHEAE, HALIZBWT, X—X—X0 P23 Xy 17y
ISATrg X rg(=ps X pp) b ) — 2O, X—U—
Fiy—r U= X, D IS T U, Xty X Fiaso LA T Figure A2 ry2#34 ‘@ a second-order partial correlation defined
N i ; as a partial correlation between X1%3 and X2x3
Fia = Pz X Py T 0 X Uy X Py . 14*3 X1+3 <41 5]
AL, FeEBICEEEINA, X4 Fl12+34

. . 4*3 X2*3 4—U2

@O EFEAD CHHBBERE FE T 5
o 5 = s =1 Oy Fi A3 *34 ° d-ord tial lation defined
IRABD S X, X2 2WT OO0 REFERH . partrlizi?orrZI:sg?lnbeti;eZ;i: fnﬁ?fa =t -1

4B
Bohd, X3 P13 X1 <L 7y
Xi=ps*xX+u xU, F34 P23 F12+34
Xo=pu G tuy x Uy P14,
X X <% U
G ORIBRIFEREC L) BV OMBHRRT P24
Exh2EVHERICERIND, hhbb R, A formula for a second-order partial correlation, riz+34
¥ ) between X1 qnd X2
X, X, X, U, Uy % LR o0 FRAUENT THARHE F12+3 - F14%3 X 724*3
5 r =
Bedk, 10BOELHEXIBONL. )56 AZR :
n J 1 - 7143 x\/ 1- ryg3?
2D HBEANPDE,
Figure Al expresses the first-order partial correlation. A2 is
Foo, = = NE-rg the second-order partial correlation expressed using the first-
Fop = Uy = J1 - "vaz order corre}a.tions. A3 is the second-orfier partial correlation
o expressed using the zero-order correlations.
"13=Pi3 (BA1 1 RREBEFERERT. A2 1 KRERERRT

Py =Pos F3n52 KEEEES A3 BEORBERTES
g h 3 2 RIRAEEIREL)
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FELN, D O-oh b RERENE HoR

Fla=ry X Pyt o Xy X iy
HELNL, ZOR»OLREBREYET KA KTE 5,
Fl2-ri3 x r3
V1-r32 xy 1- r32

F12+3 =

%A 205

Frp, = Uy X Fiae

Fyoy, = Uy X Fiaeg

THhh, &X|ZR7-E 4548 (part correlation F 72 1 semi-partial correlation) (2243 A2 X THh 4,

(2) 2REHEBRBUICOVT

2 IRARARBAAREZ DV T, Yule (1922), Yule and Kendall (1950), Ezekiel (1941), McNemar (1969), Karlinger
and Pedhazur (1973), Ley(1972) 7z E 3508 L T 2 25O 51X Yule & Kendal (1950) [Z{f AR IZFEE| S 11
TVAHDATEMETSH DL, ZITETTIZHEA 1 RIFHBEREIZ 2 5 > T/IAKALAS THAT 5. &
XR4@ TSR LA 1 RFBHBGERERTRANICB L 228 X L2 ENENX,,, K, THE0 2
THA2ONSAEDZ SN 5S X, X idpartial score (Ley 1972) T, £30LEHODELBV - HRELE
bR L ERRZE (A TF#52002) WHLLTwd, MAITOU, GIZHYTA2ERTHS, A2, Zhb
O partial score 255 4 DEBX, DR LR L 2R B LIAANTH S, ZONXA/D> S | kBB
BB L MR REH 247 21X 2 IRKIRMHBIREL (rpe) R TRV EDPND, EAABHOMAELEIZL -
THD 5 2DBED 2 RIEHEBBEE (Fyp rea ) DERZLIENTE B,

2O 2KRBEMHEEMRHEOND | RIBHERHOBBETERHEINTWEDY, XEZFEL T LAFD2E
BB TEA SN LA ErND,

F12%3 - F14*3 X F24*3

F12#34 =

v 1-riaa? Xy 1 rages?

- P12 - F12P342 - F13123 — Fi4l2s + F1aF23Fsg + F13r4ras
¥ (1-r3g2)- (32 + r142 -2r13r14r34 ) x ¥ (1-r342) - (232 + F242 -2r23r24734 )

Figure A2 D73 A BIX, Figure A3 TR L2 BR 4 EHONNAM E R T, Figure A3 075 A =5 [FEE
BRAL - TTENTTITIE, BHETEIHA2P L0 2EHHBRHECRASINIFA LANELINS,

5 CiFE 44 0 R I dB/RORHABRE HO NS,

Bl z1E, 3 wOREHBEEIL,

F12+34 - F15+34 X F25+34

F12#345 =

V11150342 Xy 1- raseaq
n RO AR,

F12+34..(n+1) = F1(n+2)*34...(0+1) X F2(n+2)*3...(n+1)

r12%34..(n+2) =

Y 1-rimiy s, @in? XV 1= rame2)sa.. o)

TEbEN5,



