Lab3 R F 5 Hr

1 5

BT R BN factanal (BRBISRIE), L princomp/preomp (5 HiEBLEH T 77%). AT
NEERTE . EEREBAFER T/ R 3L factanal, [FFHE4 K%L varimax, promax. AW

## SRR T GET 7 ZHEE)

> myFA = factanal (covmat=my.cov, factors=2,n.obs=..)
#covmat: covariance/correlation matrix
#factors: number of factors

#n.obs: HHMAAR, WISTPJr 2 /Mo R EOERE AT DLl & Dl AR 46
#4i An. obs, NIARETFHANAMERL (nfl1)

#PEAR R T (R T IRIRH0E)D
> myFA = factanal (x=my.data, factors=2, scores=...) # use data.frame
#scores: K1l
> varimax (L)
#L: loadings obtained from factor analysis (princomp or factanal)
> promax(L) #non-orthogonal rotation

NPT B A T b (B R )5 2B R RBOE IR ) AR i (I
e BRI

B 1. (AR A, BRAH] 9.3) —IURIAE A S, JHREXN MR s e 5 ANMEtE ("Taste”,
"Good buy”, "Flavor”, ”Suitabl for snack”, "Lots of energy”) #4T TiFN$T4 (1-7, 1 ik, 7 &
=), 5 NEMERIREAM KRR

Attribute (Variable) 1 2 3 4 5
Taste 17100 02 42 01
Good buy for money 2 02 100 a3 71 @
Flavor 3] 9% 13 1.00 50 .11
Suitable for snack 4 42 71 .50 1.00
Provides lots of energy 5 [ .01 .85 .11 .79 1.00

DN ZAH G R B R HEAT B (R AN BN 2) o PR TR 5 MR x =
(x1,%X2, .00, x5) T RINN
x=u+LF+e=pu+11Fi +1,F, +¢,

HA p=E(x), F=(F,F))T ~ Ny(0,I) ACERM DML T, 13,1, 70902 Fy, Fy M#E4T,L = (13,1) A
5x 2 HATHFE, € ~ Ns5(0,W) NFFERH T (R %), W = diag(Py,....1ps) MATCH 5 AR 2. FEAG T
MSHON p, L, W, HEX BN AR REGERE, FTEL p AREMTE, XIFAEm LW (4l Lo R
ERLSIN) e

HAm o pr o KT



> R=matrix(c(1,0.02,0.96,0.42,0.01,0.02,1,0.13,0.71,0.85,0.96,0.13,
1,0.5,0.11,0.42,0.71,0.5,1,0.79,0.01,0.85,0.11,0.79,1),5,5)

> name=c("Taste","Good.buy","Flavor","Suitable.for.snack","Lots.of.energy")

> dimnames (R)=1ist (name,name)

> (myFA = factanal(covmat=R, factors=2)) # MK T MK T4 Hrisy

# REIRAIAEREAE, WATEE n.obs, HMHTE RS HMUESHER.
Call:
factanal(factors = 2, covmat = R)

Uniquenesses:
Taste Good.buy Flavor Suitable.for.snack Lots.of.energy
0.028 0.237 0.040 0.168 0.052
Loadings:
Factorl Factor2
Taste 0.985
Good.buy 0.873
Flavor 0.131 0.971
Suitable.for.snack 0.817 0.405
Lots.of.energy 0.973

Factorl Factor?2
S8S loadings 2.396 2.078
Proportion Var 0.479 0.416
Cumulative Var 0.479 0.895

The degrees of freedom for the model is 1 and the fit was 0.0233

B AR TR W, L i, AR BT AR B T ZE STk, TR
o Uniqueness CRFiIKT7Z) W

5 NS ER/ANER 7 2 (uniqueness, specific variance) 2385149 0.028, 0.237, 0.040, 0.168, 0.052, H:
H “good buy” Fl”Suitable for snack” ] uniquenss {EH iz KT %3 4 =48 &, XU H P AS A JE A
TARIMBIFHAREXH AN E. NAI—NAEH, “Good buy” Fil “ Suitable for snack” BN
BEAE RN G 0 AL R FH T g A 2084, XA LA “Lots of energy” B H B 1] 2
ST A BB BV 9 38 0 H T ah ) “SE R D7 TR, HRAREAIENN R ¢ SRR 17 AN an
“Lots of energy” #iif. MIXMMEF, %GB H A Sk i, 7 B iFdl 515 258
/I uniqueness, FATHT DA IN R N4 GEREATEFE I B RS 2 R+, AR
uniqueness), WA B HF A%

o BB L RIE TR
B 15 O B TR

X1 Hi 0 0.985

X 125 0.873 0

x3 |=| pu3 [+]| 0.131 [Fy+| 0.971 [F,+error
x4 1a 0.817 0.405

X5 Hs 0.973 0

Har & 24,5 Bl Goog buy, Suitable for snack, Lots of energy 7E F; I H# 407 {8 5 5 /& 0.873,
0.817, 0.973, 1 Taste 1 Flavor FI# A48T 0 (4514 0, 0.131= 0), B F; 5 Taste, flavor A



Mk, SHAMABEIEMK. F—FFEM P Goog buy, Suitable for snack, Lots of energy, #H2
& Flavor "R A —HRAL T, F| & UPZEX =B UM s R ML E & X, AT R R «
SEHIE?, AN Lots of energy MM 5 K (0.973), iX Ui %A R 2 R EELHM S E LR NE
) —ANT7H, HIKZE Good buy(TEEAH) 1 “RARZE A UE/NZ”, T Flavor 78S B
AN E (0.131).

% ANHF F, 1E Taste, Flavor, Suitable for snack #4742 72 0.985, 0.971, 0.405 1X =48 &
S ORA R, XU Fy, nJRER NRE . i fEUE Taste J K, Flavor R, XX T
BRIFEE T, Taste i EE, Flavor tHREEL, T Suitable for snack ZAFAILA B,

o M ZE. i ETIER
Communality (FEPE 75 22): firH &5 Rrh A 51 H S AR m ek 5 % hi2 =1 —uniquess;, i = 1,...,5. H

P45 (K Re ik 7 22 ] TH A 3: (hE, h3, 13, h3, h2) = (0.972,0.763,0.960,0.832,0.948). ¥~ [H T AEfi%
BAE 1, 3, 5 MHZER 90% VL E. 358 2, 4 MARRE A ZE, 232 76.3%,83.2%.

FEh, BTN tr(R) = 5. g RAEIECE 4 T4 TRTENE 1, 2 ZIRSE TR (SS) 4y
Al 2.396, 2.078, FrLLEATMRETT ERELE S50 2.396/5=0.479, 2.078/5=0.416 (i tH 45 K1
BI%CE 3 17), WAETF I RAUT Z MR L 0.895 (RI%CH 2 17).

o DIpieht AT e (ERBMT RN 7RI IR, R ARESUE A R

PR factanal ERE iEEE J715N rotation = "varimax” (WE¥% J5 {615 varimax f KD, Frbl bikgh
o A e BT ) SRR IR A AR T IR e A B . RS promax ERe, 4320 H B .

> promax(loadings (myFA))

Loadings:

Factorl Factor2
Taste 1.004
Good_buy 0.892 -0.103
Flavor 0.975
Suitable_for_snack 0.786 0.313
Lots_of_energy 0.997 -0.137

5 varimax RIS R HBEH L REF

Bl 2. (FEARRE T8 B geopol 4ith 1 41 ANMEFKAHX K 10 Wiabs /R BEEHHE, bk F

AR ik

pop population

GDP Gross Internal Product per habitant
pop.inc  rate of increase of the population

urban rate of urban population

illiter rate of illiteracy in the population

student rate of students in the population

life expected lifetime of people

nutri rate of nutritional needs realized

magz number of newspapers and magazines per 1000 habitants
tv number of television per 1000 habitants




41 ANE R IX B A FRAE S IR
AFS South Africa
ALG Algeria
BRD Germany
GBR Great Britain
ARS Saudi Arabia
ARG Argentine

AUS Australia
AUT Austria
BEL Belgium

CAM Cameroon
CAN Canada

CHL Chile
CHN China
CUB Cuba

DAN
EGY
ESP
FRA
GAB
GRE
HOK
HON
IND
IDO
ISR
ITA
JAP
KEN

Denmark
Egypt
Spain
France
Gabun
Greece
Hong Kong
Hungary
India
Indonesia
Israel
Italia
Japan
Kenia

MAR
MEX
NOR
PER
POL
POR
SUE
SUI
THA
URS
USA
VEN
YOU

Marocco
Mexico
Norway
Peru
Poland
Portugal
Sweden
Switzerland
Tailand
USSR
USA
Venezuela
Yugoslavia

PRAT LU R 4604 geopol THEAFE] 10 AMEAR T 5 ZEHE B B8R % R EGERE, SR )m LA S AR IR 523 A
OFREEFAR n.obs), WATEET I8 BT 7204, P 45 RAHIA .

geopol= read.table("http://staff.ustc.edu.cn/~ynyang/vector/data/geopol.txt",head=T)

R=cor (geopol)
#R=cov (geopol)

myfa =factanal(covmat=R, factors=2, n.obs=41) # BAKHETH5Hr
myfa2=factanal(x = geopol, factors

> myfa2
Call:

factanal(x = geopol, factors =

Uniquenesses:
pop GDP pop.inc  urban illiter student life
0.956 0.005 0.243 0.589 0.169 0.530
Loadings:

Factorl Factor2
pop -0.122 -0.170
GDP 0.276  0.959

pop.inc -0.770 -0.406
urban 0.493 0.409
illiter -0.829 -0.379

student 0.466 0.503
life 0.807 0.488
nutri 0.649 0.231
magz 0.391 0.722
tv 0.483 0.743

Factorl Factor2

SS loadings 3.289 3.041
Proportion Var 0.329 0.304
Cumulative Var 0.329 0.633

Test of the hypothesis that 2 factors are sufficient.

= 2) # FART

0.111

nutri
0.525

The chi square statistic is 45.9 on 26 degrees of freedom.

The p-value is 0.00937

magz tv

0.3256 0.215




R AT R A IE S T &E (chi-square statistic)
W = ng{log(ILLT + W|/IR])},
HH np 4 Bartlett RIEFIFEAR ng=(n-1-(2p+4m+5)/6)~n, KH p i

> W)

_ 2
pvalue = P(X[(p_m)Z—p—m]/Z =

p MK, MARCRBE . AGIRMGIE p EEVN, WG ARE. M 3 B

myfa3=factanal(x = geopol, factors = 3) # FEARRK T /T
Call:
factanal(x = geopol, factors = 3)

Uniquenesses:
pop GDP pop.inc urban illiter student life nutri magz tv
0.819 0.005 0.005 0.482 0.174 0.351 0.141 0.489 0.311 0.190

Loadings:

Factorl Factor2 Factor3
pop -0.420
GDP 0.271 0.908 0.311

pop.inc -0.910 -0.406
urban 0.383 0.282 0.541
illiter -0.7556 -0.282 -0.419

student 0.344 0.349 0.639
life 0.753 0.418 0.343
nutri 0.664 0.174 0.201
magz 0.413 0.698 0.175
tv 0.444 0.646 0.442

Factorl Factor2 Factor3
SS loadings 3.112 2.385 1.537
Proportion Var 0.311 0.239 0.154
Cumulative Var 0.311 0.550 0.703

Test of the hypothesis that 3 factors are sufficient.
The chi square statistic is 24.94 on 18 degrees of freedom.
The p-value is 0.127

AEABRSEE, p(E 0.127. BT 1 F 2 fy#kmi 2L, N3 K 2R pop.ine FISCEH X illiter 13 i &5 2
T, P T 1, 2 ZORRXPIMEAR OIS, RMEERAGER T KRBT (— MUERY RS E, —
AMRESCHIRIEREE) o AT AT 1 Bmr B8 B EAT B 8¢, R 558N B 50 R 74540 DA K B 5K S5 il
TREPANR B & o AP R 8L 9], IRl 28 A A0 R 1459 29 B R ST

loadings (myfa2)->L
plot(L,type="n")
text(L, rownames(L))

# K715 (score):
myfa2 = factanal(x=geopol, factors=2,scores ="Bartlett" ) #
s = myfa2$score



plot (s,type="n"
text (s, rownames(geopol))

31 TEAET 112 NMEZFH 6 BUNIR (general: 454, picture: 238, blocks: 17K, maze: 3 5 reading:
%35, vocab: 1AL E) HERAIh S ZEFEE

general picture blocks maze reading vocab
general 24.641 5.991 33.520 6.023 20.755 29.701
picture 5.991 6.700 18.137 1.782 4.936 7.204
blocks  33.520 18.137 149.831 19.424 31.430 50.753
maze 6.023 1.782 19.424 12.711 4.757 9.075
reading 20.755 4.936 31.430 4.757 52.604 66.762
vocab 29.701 7.204 50.753 9.075 66.762 135.292

A ZBEMEF o7, BEFRERTERFHIMSHIE RBRxR: ahtmEl, BRERERAHE
REBIEM) .

23 2. (R Table 9.12) —RARIXHIHE R THHE W SHHIT 7114, FITEAEREKE—FT/L
MEER R R THEBNINRZEE K. ABIFEHMET 50 AHEAR, HIHMEIM=MEERAM T
W HETUEKERE, HERFINSG, MHMEFANHEER. X=MRIAESHML 100 (ERFHIL
5, 7RUESRIBE. B, X 50 AEFZT 4 WK, 23R TWKENaeE, MIEEEE
(mechanical reasoning), HKHEIREES, MBFREN.

>sales= read.table("http://staff.ustc.edu.cn/~ynyang/vector/data/T9-12.DAT")

>dimnames (sales) [[2]]=c("Sale.growth", "Sales. profitabiity", "NewAccount.sales",
"Creativity", "Manchanicl.reasoning.test", "Abstract.reasoning.test", "Math.test")
>sales

1. BB ERiEL GRENERH scale), K m=2 M m =3 MEEFHEF AR KNSR
2. M (a) B9RR, K m =2 F1 m=3 WREEEH LT, LLBAMEREREH A, MRERTHE
3. % m =23, HHARGE MEFENGIHE, URKAEER R-(LLT + V), RAERTIEE m=2

T2 m=237

4. HEEBNMABIEFIES (factor score), HEHEFENWESE (AFEMITE: EH factanal #

F8E scores=“regression” Y “Bartlett”).
R~ ARMEFERNRKE SHEWSHE XN,
2 ZEMJTIERRY (sem)

R 7 A lavvan Al sem (ML T &5/ BB 00 T B o lavaan 1BET, (EASE LA B %S
sem AR AR, (HIRAE T EAE B2 R AL

il 3. FATLAEE i 1 BB AER 7208 (CFA) R, #31MEH R 7 lavvan 1 sem A,
B 220 A 6 TTIRAE ST AR S RBOERE, T



Gaelic English History Arithmetic Algebra Geometry

1.0 439 410 288 329 248
1.0 351 354 320 329
R = 10 164 190 181
1.0 595 470
1.0 464
1.0

#HHC R BHERE ¢

r=matrix(0,6,6)

r[lower.tri(r)]=c(0.439,0.410,0.288,0.329,0.248,

0.351, 0.354,0.320,0.329, 0.164,0.190,0.181,0.595,0.470,0.464)

r= r+t(r)

diag(r)=1

rownames (r)=colnames (r)=c("Gaelic","English", "History",
"Arithmetic","Algebra", "Geometry")

s an T S5 7 FEAR R (A PR 1 0 TSR D -

Gaelic = LiyFr+¢€;
English = LyF,+e€;
History = L3yF)+e€;3 Hrfe;,i=1,.., 657, var(e;) = 0;
Arithmetic = LgFj+eq4 €'s5(Fy, Fy) T
Algebra = Ls5 Fi+e€5 var(Fy) =var(F,) =1,cov(Fy,Fp) =p
Geometry = LgF1+e€q

SR LI R RS (LR LAS R —)):

History :)heta3

:)hetan English

.
Arithmetic :)heta4 Algebra :)lhetaS Geometry :)hetaﬁ

2.1 lavaan 27
7E lavaan W, MR ER TR LIPS 25 5 2 B — S maiee, KPR TFS5ETEMNRAL =~ H6E,
HHRKARLL ~~ $BE, FIHKRLL ~ 18E (S0 N HA ) mymodel="..."), &5t ZERAL 1) £ B bR

2 sem()



### MODEL SPECIFICATION:
> mymodel= '
F=~variablel+variable2+... ##definition of factors
F1~~F2 ## F1 and F2 are correlated
F1~F2 # Fl=a+b*F2+error ##regression
### FIT THE SEM MODEL SPECIFIED BY mymodel
> sem(model = mymodel, data = , sample.cov = , sample.nobs =, ...)
# model:model structure, data:original data,
# sample.cov:covariance matrix or correlation matrix,
# sample.nobs: sample size n

i lavann FERP A6 3 B ARSI T

## 1] 3

> library(lavaan)

# fRERA.

> model = '

# latent variable definitiomns
F1 =~ Arithmetic+Algebra+Geometry # “=~" read as “is manifested by”
F2 =~ Gaelic+English+History

# residual correlations (HZ, WhAZE)
F1~~F2 # F1 and F2 are correlated

> fit <- sem(model=model, sample.cov=r, sample.nobs=220, std.lv=TRUE )
#sample.cov HE W7 ZHBEEUE X REHRE, [FIN FEAE sample.nobs HEAE
# WATLLHH data = .. fEEJRGEIE
#std.1v=T HTFMHTEBEN 1
> summary(fit)

%3 3. 5 3 PRRIZ F, F, @XM, ES LR REEF model IEEMHE—ITHIHE XM RIZIEX AE
YAXFE: F| = pF,+error , FHIBIT sem 534



ffi: sem F2FE (sem HIA)VEE T EH %, nlZH%)

sem F2J7 AL [FRIFE 7R Eefe e BS54, BRECA specifyModel(), £544 77 #2530 B I = B AR lavaan —#¥
2 sem() GEE: 7EF—A R BB R FERINEL lavaan il sem 27, A% sem() SAHE M),
PR B ) 22 B ECN pathDiagram(). ZH75401F:

### MODEL SPECIFICATION:
> mod=c("fl -> variablel, parameter, initial.value",...)
> mymodel= specifyModel (text=mod)
> mysem = sem(model=mymodel, S=r, N= 220)
#S: covariance or correlation matrix, N: sample size
> pathDiagram(mysem) # draw the path diagram

£ sem FEfP A, LR AR B T AAR BB AN TR 96 € -

library(sem) # #H A sem
mod <- c( "F2 -> Gaelic, L12, NA",
# X8 Gaelic = L12+F2+error, HJa /& L12 WIFIME, XH NA FRAEYIE
"F2 -> English, L22, NA",
"F2 -> History, L32, NA",
"F1 -> Arithmetic, L41, NA",
"F1 -> Algebra, L51, NA",
"F1 -> Geometry, L61, NA",
"F2 <-> F1, rho, NA", #CFA
"F1 <-> F1, NA, 1", # ¥R F1L I5EEH, N 1
"F2 <-> F2, NA, 1",
"Gaelic <-> Gaelic, thetal, NA", #Gaelic /72N thetal, AWWIE (NA)
"English <-> English, theta2, NA",
"History <-> History, theta3, NA",
"Arithmetic <-> Arithmetic, theta4, NA",
"Algebra <-> Algebra, thetab, NA",
"Geometry <-> Geometry, theta6, NA")

oA — T IR B AR B P ) — A B ) Sk OO R 7 Sk R AR RIS, BEES R 3 ik, o
MERRTL. SEASEVIE:
o Fik: Bk A— B FREIEHTFE B=pBA+error. Wik A B FER A B MK, HikEmE—
MIBNEE A, FMMIEASE B, FMMIE NS B MVIE (NA ZRARYIMED
o B UFKAERTIN, SECAEAT/BIHRE (B), RE/BAT B SARETRMIT; AE kR
i, ZHEOI T E (Ao B) BTE (Ao A), i ZBUT 2 S FRic /e Sk T
fEH sem F27EE EF] 3 FIHAE, RIS

# IR /45 E R

mymodel =specifyModel(text=mod)

# 1217 sem

mysem <- sem(model=mymodel, S=r, N= 220)

# AT

pathDiagram(mysem, ignore.double=FALSE,edge.labels="both" ,rank.direction="TB")
#ignore.double: ;&5 ANEIWNHHi %k, #ik#r'T edge.labels H[i%'"name","value","both";
#rank.direction F[I&"TB" (M LEIF) B"LR" (R




