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Dii —pi+p+j
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OIMBEBIBEITIC & > THS W5 HEEATH Y 25
BHoH5 N5, 175 X 12 weight & L T, & £ 47 %)
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(row), F(column) 23K % %,
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G TIEIDHTRER DR EEL <. /8T X =% Oiff
BIHEMORADNE T v 7 HFLHFEL D L)
MEED D 5 G TIEIMSL AR SWEB A%
HHETLEVIEREZL2L LY ZEMELL, X
% Y % 383 % Demographic variable (2R E Y
LI DB HERICHEET b DEEZ T, Hifd
DHHIHHEL T, YEHARD Q5 (a, b, ). F
4D Q4 (A B, C) BIUX %44 age, sex,
school, revenue, size @ Demographic variables @
T=F4H T 200 TNV EHEL TRIET
5o
a. Q4% XIZoWwT, | L 725t E ARV,
summary (Q 4.cca) TRIEFER SN 525, [FIE
cca(formula=Q 4~ age+sex+school+revenue+
size, data=Dv)
TREN5,

Partitioning of mean squared contingency coefficient:
Inertia Proportion

Total 4 1

Constrained 0.0798  0.01995

Unconstrained 3.9202  0.98005

INnHh s, HHAIC L S Inertia (58D DFIEN
132 BREICT vy, F 72, Canonical axes O
BEAMEDOEFHEL, 0.0798 T, Non-canonical axes
DEAMEDOEFL, 3.902TH 5, fiIZY DAL
D JERE S (Species scores) 25 F, 77— % @ i (Site
scores) DVAHES N2, 75 7 1%, >plot(Q4.cca)
THTIE, Y OBRED K RO IO A4
TN, T 2RTEDPHSIE-oTHBY, XDOXE
¥/ Biplot(dashed arrows) T/R SN TW 5,
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VYRGBT ARELXDEREELET IV
REDDLI LN TEEY, #EHRIE. Q4 2FHHT
57 LT, age, school # 2 5.5 model % %
ENERE
f. BEME (Outlier) ORH
72, vegan ® 7T 7 RE & i o T outlier %
RO, 7= OMHEEFRDL I L LETH
5o
> fig<-ordiplot(Q 4.cca)
> identify (fig, sites”)
[1] 58 146 498 (498 IFFR Y T 502 L3 5)
ORI, 77706, TOT =5ty b
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7T T T — & FF 58, 146, 502 % outlier &
LCIRET L, /2. INSDOF— ¥ 2 #EF K
DL WAL, BB EALZTE, 19 D
EafRESNE, TOHT, HH QB4 TH % i#
RLUZZAD outlier TH DI EWFH05b,

4. ¥

2

1. ZZ2TlE, % % ClZ package ade4 W
72, CCAZFEAT L2k R 2 /R T vegan & 7] U
WERESTOT2N, I 7FRREDR )R DD
AEMIZIEFE L TH 5,

>library (ade 4)

>Q 4<-Ddata 1[,c(1:3)]

>Dv<-Ddata 1[,-c(1:3)]

>Q 4<-make.dummy(Q 4)

>Q 4<-data.frame (Q 4);Dv<-data.frame (Dv)
>colnames(Q 4)<-c(“Q4A1","Q4A2","Q4A 3",
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Q4A47Q4A5,“Q4B1","Q
4B27,’Q4B37,°Q4B47,7Q4
B57,°Q4C17,7Q4C2"Q4C
37’Q4C47,°Q4C5)
>ivl<-cca(Q 4,Dv,scan=FALSE)
>plot (ivl)

age

Loadings

[20¢] sex

(Intercept)
size

Correlation

Scores and predictions

Eigenvalues

h

Signif. codes: 0***°0.001**’0.01*°0.05°.0.1 1
P values based on 999 permutations.
2. BHROTF—#I1Z2WwWT, Q5a, Q5b, Q5¢
& Demographic variables & @, CCA Z3#rid, LA
@ program & FET T IUL L,
>Jdata 1[1:2,]
Qba Q5b Q5c age sex school rev size
1 2 2 2 3 1 2 2 2
2 2 2 3 3 1 4 2 2
>Q 5<-Jdata 1[,c(1:3)]
>Dv<Jdata 1[,-c(1:3)]
>Q 5<-make.dummy(Q 5)
>library (vegan)
>Q 5.cca<-cca(Q 5~ ,data=Dv)
>plot(Q 5.cca)

Inertia axes
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5. Correspondence Analysis DTF—4% 5
MIZDINT

a. 22T, MILOHAEH SN D T — ¥R
D2VT, RIZANTE L, ZLERITD1OT
& 4 correspondence analysis T T & L5 7 —
FiE, oD DE M categorical variables |2
W BB D nXp DTF—F 1% o T b,
INFTHM LT =531 DDOERDBHEDHID
ERE Kk EZFHE2L D THo 720 o TT— 1T
FE, nX 3 pi D, 0, 1 DfE% b 2 binary matrix
TEREEINS, 220U LOEM % 5T 5561
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nXp DAITHI T, # DIEIZSEE frequency % 3 L
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AE AT
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BRICITERISIE T 50 FOBEEITEKIHIE
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ZEOn OB ETNIE, SIdEKEEL, &
RICIEERAFIL Ly HOBEIZEEITIE T 2
BROLOMHETH D, ZOERIET T 7D TER
THEHBLR TV,

Ao 11 5
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BRI N5,
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FEND, FTEFNCDVT, HL b OHiEE IE
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CAREZERDT— 7 DILOMBEMRE K5
PRIRET 5 L9 7% 2,3 RILONEZ KO B Fik:
Thb, TOFEL L TIHFRESFEEFIHT 5,

S=UAVIIZBWT, UL Vidk, FOFRA
7 MVT rlOERGE S 2T TH B, A L.
81> - >8>0 DR E S % b DREFUEDOK AT T
BHbo T, S=UAV =S k= 1S’ & B B $
HE, k=21CRIET RN PV ERDNTS
2 DO DFRRE % AT,

S=1w wliy 3l It

L5ar, SESOT Y 20RMN2FELTH
boe TOMEEILZ, (§;+8)/3 & TH 5D, L
% S=FG"=[8,u;,8,%u] [8;' 1,8, )T & 5
T %, L. &=MN=8§"") 2 5MHEH Y .
A=diag(\;)

22T, a=0,1& LT,

a=0Dk &,
F=[u,u,],G=[8,v,8,vo]=>

F=D, 2U (=V), G=D. "2VA(=F)
a=10k X%,

F= [51111,82112] G= [VlyV2]:>

F=D. 2UA(=V),G=D, V*V(=F)

& H 5 3, standard coordinates & principal
coordinates & flA B DO EIET T T 7L E N
T, FREND Z DL,

6. E&H

SIS  DEKZ NI T 2 TSR
MY P> T2, LERRIFHIIAFSING
FEatE 7TV IE, BRI SN ERD S ET
WDINT A =5 ZHEET HHEEE o> T 525,

sex
2

i
1) =745 YQ4) X(Demographic Variable) (Dv)
Q4A Q4B Q4C age

2 4 1

1 3

4 2 2 3

513 3 2 3 3

514 2 3 2
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L) —HTE, 7= o RHEM ORISR T
57 —4%< 4 =7 (data mining) O %
FoTwhb, 7= YOG 6AB L, B
T, W SN ERE S A PSS, K
EOWMEGT— 505, ya— b LR 0%
FHOREE» O 2HICEFTLHEII L > T D,
IO L) REREICEIDT ARG T E . Ehie
ZBETERN OB UEL by ZRTEDT —
¥ % %Ef9 5 correspondence analysis DFED |
ZD XA BBEICNNT WS D TH S, HEEDY
EZ 5y IOr BRI EE D oY 5 IR (WY &
TOY T TFRIZE DN — VliZHE LT
Who ZOL) BBLEDS A D EBEOKET R
DREFHPHBETE S L) ITEL 5, R D package
Td 5 vegan, aded 7z & ecology, BRIEMIET,
Ordination % 53#T9 % Fi0. &R
WCHEELZHRE G250 THH ),

SE 3k
1) M. Greeanncre (2007) Correspondence Analysis in

Practice, Chapman & Hall/CDC
2) Julian (2008) Modern

Statistical Technuques, Spriger

Izenman Multivariate

3) P.Legendre and L.Legendre (2000) Numerical
Ecology, 2nd, ed, Elsevier

4) JxFTNVA, YT Y — (2009) SPLUSIZ & %
AT, &5 2 B, Springer

5) F.Cox and A.Cox (2000)
Scaling, 2nd, ed, Chapman & Hall/CDC

6) L.Rizzo (2008)
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Y iE, SEMIE 5 2OIE 2 FO O T, binary data IZZH L THL 5T 5, X 1ZZDFFHNS
Z L1275, RIZX % Program X, CCA lZ, Package, vegan, aded IZZEfFINTW5, EH5D
Ecological, Environmental Data D53 #Hr D 72D 2B E N T W5 A, vegan DS AMFENRRTWE ) TH
5o
slibrary (vegan) #package % load 35,
>Q 4<-make.dummy(Q 4) #Q 4 % binary data (225 5,
>colnames(Q 4)<-c(“Q4A1",’Q4A2"’Q4A3",’Q4A5°,’Q4B1”,’"Q4B2",Q4B3",’"Q4 B 4",
"Q4B57,°Q4C17,7Q4C2°,"Q4C37,"Q4C47"Q4C5) #hl%x AT 4,
>Q 4.cca<-cca(Q 4~.,data=Dv) #CCA % F474 5,
> Q 4.cca
Call: cca(formula=Q 4~age+sex+school+revenue+size,data=Dv)
Inertia Rank
Total 4.00000
Constrained 0.07979 5
Unconstrained 3.92021 12
Inertia is mean squared contingency coefficient
Eigenvalues for constrained axes:

CCA1 CCA2 CCA3 CCA4 CCA5
0.045532  0.018290 0.009373 0.004532 0.002066
Eigenvalues for unconstrained axes:

CA1 CA2 CA3 CA4 CA5 CA6 CA7 CA8 CA9 CA10 CA11 CA12
0.5651 0.4881 0.4017 0.3951 0.3353 0.3141 0.2917 0.2691 0.2482 0.2257 0.2036 0.1825
>summary (Q 4.cca) #FE4THEE DER
Call:

cca(formula=Q 4~age+sex+school+revenue+size,data=Dv)
Partitioning of mean squared contingency coefficient:

Inertia Proportion
Total 4 1
Constrained 0.0798  0.01995
Unconstrained 3.9202  0.98005

Eigenvalues, and their contribution to the mean squared contingency coefficient

Importance of components

CCA1 CCA2 CCA3 CCA4 CCA5 CA1 CA2
Eigenvalue 0.0455 0.01829 0.00937 0.00453 0.00207 0.565  0.488
Proportion Explained  0.0114 0.00457 0.00234 0.00113 0.00052 0.141  0.122
Cumulative Proportion 0.0114 0.01596 0.0183  0.01943 0.01995 0.161  0.283

CA3 CA4 CAS5 CAG6 CA7 CA8 CA9
Eigenvalue 0.402  0.3951 0.3353 0.3141  0.292 0.2691 0.248
Proportion Explained 0.1 0.0988  0.0838 0.0785  0.073 0.0673  0.062
Cumulative Proportion 0.384  0.4824  0.5663  0.6448  0.718 0.785  0.847
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Eigenvalue

Proportion Explained
Cumulative Proportion 0.9035 0.9544

CA10 CA11
0.2257  0.2036
0.0564 0.0509

Accumulated constrained eigenvalues

Importance of components:

Eigenvalue

Proportion Explained
Cumulative Proportion 0.5706 0.7998

CCA1 CCA:2
0.0455 0.0183
0.5706  0.2292

Scaling 2 for species and site scores

*

*

Species
F=VA

Q4A1
Q4A2
Q4A3
Q4A4
Q4A5
Q4B1
Q4B2
Q4B3
Q4B4
Q4B5
Q4C1
Q4C2
Q4C3
Q4CH4
Q4C5

CA12
0.1825
0.0456

CCA3 CCA4 CC
0.00937  0.00453 0.00207
0.11747 0.05679 0.02589
091732 097411 1

Species are scaled proportion to eigenvalues

Sites are unscaled weighted disperion equal on all dimensions

scores

v.eig

CCA1 CCA2 CCA3
-0.35346  0.05955 -0.0027
0.12179 -0.05349 -0.07522
0.32119 -0.08247  0.036012
0.50033  0.10067  0.244628
0.20528 -0.06162  0.540342
0.03148 -0.31201 -0.00691
-0.06576  0.04012 -0.02645
0.24548 0.21943  0.167311
0.15883 0.3143  -0.05312
-2.23261  0.2027  0.893445
-0.14651 -0.33211 0.184358
-0.06478  0.05063 -0.0473
-0.04016 -0.01531  0.046622
0.11969  0.03986 -0.08741
0.16521 0.0542  0.204437

-0.07088
-0.09823
-0.07459

CCA4

-0.08609

0.079332
0.065144

0.018921

-0.02007

0.055736
0.748165
0.120885
0.00645

0.006756

-0.02782
-0.09611

Site scores (weighted averages of species scores)
V=D@i) 20  wa
CCA1 CCA2
2.93059  5.47956
-1.48098 -3.87464
2.7071  3.48861
513  1.57596 -1.05094
514 0.11614 -0.52277

CCA3 CCA4 CCAS

-7.6727 7.8885  16.2084

-3.4503  -13.8656  12.001
6.0768 -3.3476  -17.4167
1.9981  6.6804 -8.5818

-1.9576  7.724

5.9434

-0.07885
-0.01341

-0.07057

CCAS5
0.00915
0.011174

0.098612

-0.01353
-0.00136

0.029959
0.010525
0.008633
0.057144

-0.09318

0.027018
0.078758

CA1l
-1.52171
0.339322
-0.3164
0.008163
0.195311

A5

CA1l
0.4556
0.1946

-0.5396
-1.6023
-4.2173

0.5611
0.2215

-0.4344
-1.8554
-3.4883

0.8712
0.6207
0.157

-0.6652
-2.0882
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Site constraints (linear combination of constraining variables)

U u
CCA1 CCA2 CCA3 CCA4 CCA5S CA1l

1 -0.537821 -0.36253  -1.15306 1.47148  0.93249 -1.52171

2 1122727 -0.11634 0.244144 -0.013 -1.32906  0.339322

3 1122727 -0.11634 0.244144 -0.013 -1.32906 -0.3164
513  0.508765 1.349149 -1.32594  0.18715 -0.20937 0.008163
514 0.079623 -0.94701 -1.12211  0.21716 -0.90837 0.195311
Biplot scores for constraining variables

biplot
CCA1 CCA2 CCA3 CCA4 CCA5 CA1

age 0.55931 0.58501 -0.0338 -0.39163 -0.4364 0
sex -0.02369  0.65603 -0.1229 0.24751 0.7019 0
school ~ -0.90336 0.23345 -0.1745 -0.16138 -0.2701 0
revenue -0.83116 0.28181 0.3545 -0.06936 -0.315 0
size -0.22772  -0.09697  0.2528 -0.79167 0.4981 0O

> library (vegan)

This is vegan 1.17-4
> Dv<data.frame(Dv) #X(=Dv) % data.frame {23 5%,
#Model D53 FGHTZAT) o

Permutation test for cca under reduced model

> anova(Q 4.cca)

Model: cca(formula=Q 4~age+sex+school+revenue+size,data=Dv)

Df Chisq F N.Perm Pr(GF)
Model 5 0.0798 2.0517 199 0.005**
Residual 504 3.9202

Signif. codes: 0***’0.001**'0.01*°0.05°.’0.1° 1
MIFETVIZEETH D Z EWTH 5,
> anova(Q 4.cca,by="term”, step=200) #52HM5 2% 4T 9 o
Permutation test for cca under reduced model

Terms added sequentially (first to last)

Model: cca(formula = Q 4~age+sex+school+revenue+size,data=Dv)

Df Chisq F N.Perm PrGGF)
age 1 0.0216 2.7773 199 0.005**
sex 1 0.0097 1.2429 199 0.230
school 1 0.0337 4.3276 199 0.005**
revenue 1 0.0102 1.3110 199 0.245
size 1 0.0047 0.5999 199 0.790
Residual 504 3.9202

Signif. codes: 0°***°0.001**’0.01*’0.05°.’0.1° ’1
2% age & school WEETH b, I bERETIVE LTI,
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Q 4~age+school 2RI N5,
> anova(Q 4.cca,by="margin”,perm=500) #falFEHEx 17> TET IV 2T,
Permutation test for cca under reduced model(Permutation test {22\ TId, S k3112540 72 5
Wb 5,)
Marginal effects of terms
Model: cca(formula = Q 4~age+sex+school+revenue+size,data=Dv)
Df Chisq F N.Perm PrGGF)

age 1 0.0163 2.0896 199 0.005**
sex 1 0.0107 1.3694 99 0.140
school 1 0.0128 1.6441 499 0.074.
revenue 1 0.0100 1.2863 99 0.190
size 1 0.0047 0.5999 99 0.830

Residual 504 3.9202

Signif. codes: 0°***°0.001**’0.01*’0.05°.’0.1° ’1

CORERIE. B E LT, age DAL T 5,

> anova(Q 4.cca,by="axis”,perm=1000) #ZE5HHIZ DOV TR~ %,

Permutation test for cca under reduced model

Model: cca(formula = Q 4~age+sex+school+revenue+size,data=Dv)
Df Chisq F N.Perm PrGGF)

CCA1l 1 0.0455 5.8538 199 0.005**
CCA2 1 0.0183 2.3515 99 0.170
CCA3 1 0.0094 1.2051 99 0.730
CCA4 1 0.0045 0.5826 99 0.980
CCAS 1 0.0021 0.2656 99 0.990

Residual 504 3.9202

Signif. codes: 0°***0.001**’0.01°*’0.05°.’0.1° ’1

E1MOADPHEETH S,

Bl LT, RDE) %7077 L2/MAbEGbEL, 2T, Zflage 2OV TT I 72FRKRLT
WBA, A EATETIUL, KR WTHBRO G TE 5,

>attach (Dv)

>plot(Q 4.cca,disp="sites”,type="n")

>ordihull(Q 4.cca,age,col="blue”) #convexhull ® 7 7 7 %= #{ {,

>ordiellipse (Q 4.cca,age,col=3,lwd=2) #¥5MHE % i < o

>ordispider(Q 4.cca,age,col="red”) #.[r & Y FEE~NOEFMEH {,

>points(Q 4.cca,disp="sites”pch=21,col="red”,bg="yellow”,cex=1.3)
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4) > Q 4.ccafit<-envfit(Q 4.cca~.,data=Dv,perm=1000)#Z: %% ® Biplot % 7l %

> Q 4.ccafit
***VECTORS

CCA1 CCA2 r2 Pr(>r)
age 0.944038  0.329838 0.0420 0.000999***
sex -0.418106  0.908398 0.0230 0.005994**
school  -0.965910 0.258879 0.1086 0.000999***
revenue -0.958399 0.285433 0.0958 0.000999***
size -0.999805 -0.019755 0.0058 0.226773

Signif. codes: 0°***°0.001**’0.01°*’0.05°.’0.1° "1

P values based on 1000 permutations.

> plot(Q 4.cca,dis="sites”)

> plot(Q 4.cca.fit) #Biplot ® 77 7 = #i {

> attach(Dv)

> ordisurf(Q 4.cca,school,add=TRUE)

Loading required package: mgcv

vegan D B%L envfit 1X cca @ biplot [IZFABL L 724ER %2 b 7267 L) TH L, T/, B
ordisurf 13284 ® smooth surfaces % 7R 7,

> mod 1<-cca(Q 4~.Dv) # T RXTOLEHK* &LET I,
> mod O<-cca(Q 4~1,Dv) #EHIHDO A ELET I,

> mod<-step(mod 0,scope=formula(mod 1),test="perm”)
Start: AIC=1269.3

Q4~1

Df AIC F N.Perm PrGGF)
+ school 1 1266.3 4.9639 199 0.005**
+revenue 1 12669 4.3954 199 0.005**
+ age 1 1268.5 2.7584 199 0.005**
<none> 1269.3
+ sex 1 1270.1 1.1882 99 0.310
+ size 1 1270.5 0.8249 99 0.630

Signif. codes: 0°***’0.001**’0.01°*’0.05°.’0.1° "1
Step: AIC=1266.34

Q 4~school

Df AIC F N.Perm Pr(F)
+ age 1 1266.3 2.0786 199 0.015*
<none> 1266.3
+revenue 1 1267.1 1.2617 99 0.250
+ sex 1 1267.1 1.2338 99 0.250
+ size 1 1267.7 0.6292 99 0.760
-school 1 1269.3 4.9639 199 0.005**
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Signif. codes: 0°***°0.001**’0.01*’0.05°.’0.1° "1
Step: AIC=1266.26
Q 4~school+age
Df AIC F N.Perm Pr(F)

<none> 1266.3
-age 1 1266.3 2.0786 199 0.040*
+ sex 1 1267.0 1.2922 99 0.200
+revenue 1 1267.0 1.2687 99 0.200
+ size 1 1267.7 0.5923 99 0.830
-school 1 12685 4.2768 199 0.005**
Signif. codes: 0°***°0.001**’0.01°*’0.05°.0.1° "1
> mod #iRH% ET ),
Call: cca(formula = Q 4~school+age,data=Dv)

Inertia Rank
Total 4.00000
Constrained 0.05488 2
Unconstrained 3.94512 12
Inertia is mean squared contingency coefficient
> modb<-step (mod 1,scope=list lower=formula(mod 0),
+ upper=formula(mod 1) trace=0)) #model 0 & model 1 ® & P C i 72 € 7 )V

(modb) Z#FEF 71 7T L2 ETT 5,

>modb

Call: cca(formula = Q 4~age+school,data=Dv)
Inertia Rank

Total 4.00000
Constrained 0.05488
Unconstrained 3.94512

2
12

Inertia is mean squared contingency coefficient

> modbSanova

Step Df  Deviance

1 NA NA

2 -size 1 7.138631
3 -revenue 1 15.601322
4 -sex 1 15.374695

-6
-5
-4
-3

Resid. Df Resid. Dev

5997.916
6005.055
6020.656
6036.031

REETVIEZ, WTROFHRETLRLTH S,

> Ddata 1[1:2,] #E F TIZILOTF— % £ v FO—# % FRT 5,
Q4A Q4B Q4cC

1 2 4 4

2 1 1 4

> attach(Ddata 1)

age

sex

4
3

>subset(Ddata 1,age==1&school==6&revenue==2)

AIC
1269.026
1267.633
1266.956
1266.257

school revenue

1
1

size
3
3
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Q4A Q4B Q4C age sex school revenue size
58 5 5 6 2

92
N

W NN w

o
3
—
=N N W M R = NN RN R NN R NN
T O T OO N R N R NI NCR Ry RSO3 I SO ORI S
O I IS I SC RSO R \CRIN \CHRN SR WU
S S e S S g S g e e S S Sy
DN NN [\ — Do [\ — [\) —_— N — Do Do — — — —_— N
S I IR e R R R R R R R R e e =)
OO NN NN NN NN NN NN NN NN
SOOI RS BIES IEEN RPN B e NI e NIl e NEEEN BN M SURIES, I RN SV

502 1 5
> subset(A,Q 4 B==5)
Q4A Q4B Q4C age sex school revenue size

58 5 5 5 1 2 6 2 7
146 2 5 3 1 1 6 2 3
502 1 5 4 1 2 6 2 4

7) ZO7T7IIXWT) EFHLTWwA,
8) M4 DFtH F, G 1 CCA DFFH DTS V,F L2225 (=V) O L) ITHFERE DTS, FEEEITIE,
R @ package ® manual @ plot @ scale D% 2R & /v,
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Statistical data analysis using correspondence analysis

ABSTRACT

Based on previous research, this research examines the applications of canonical
correspondece analysis (CCA) of data using R. CCA is combined with correspondence
analysis for regression analysis. Question variable is connected to the demographic
variables to develop geometric data analysis in correspondence analysis. From the point of
view of statistical theory, such analysis has many interesting implications. CCA has wide
application in the field of numerical ecology, such as in Ordination analysis. It is hoped
that an exploratory multivariate statistical analysis will contribute to the field of social

science.

Key Words: correspondence analysis, canonical correspondence analysis, R



