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Configuration of Measurement Variables in the Common Factor Space

Kazuaki SHIMIZU (Faculty of Sociology, Kansai University)

Since factors in common factor space are in generally correlated, two dimensional orthogonal

coordinate system on the graphical display of a personal computer is not suitable to present the
observed variables in it. The reference axis is defined as the independent vector of the hyper-
plane constructed the other dimensions. The graphical rotation methods on the reference axis
such as the Promax and the Rotoplot are reviewed. The relationships between factor axis and

reference axis are also discussed.
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T, ROBEELERT 5. B, FHRTAHIORK
(B < W75, SEBRITHIoRE: (K
BxWTFH) L35,

tr(BE) =tr[(V,-VT) (V,-VT)]
ZOXETICHALT, WHs L, 2ofRerol
BE BHILLE TIIROXTEHHETLZLNTE
%o

T=WvV)'vy,

Hendrickson & White (1964) &, ¥V, Z AR 7% #E
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FHELTCALZLILT S, SZTHHTAT— 414,
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BOEERL T DONWEHEC Th b, BHEEA
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WEZL S RAND Z L IETELIERL D LN, 2
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Table 1 +> hAA KfE (Thurstone (1935, P. 168)

ks EB1HRT  H2ER¥  EIRT
10 0.642 0.443 - 0.150
2 0.579 0.499 —0.090
5 0.561 0.449 - 0.041
3 0.712 0.228 0.092
4 0.633 0.134 0.061
1 0.685 0.159 0.157
8 0.529 —0.144 0.207
7 0.559 —0.146 0.233
9 0.546 - 0.222 0.162
6 0.585 - 0.293 0.274
15 0.475 - 0.112 - 0.132
14 0.428 —0.235 - 0.149
17 0.619 - 0.303 - 0.194
11 0.598 - 0.313 - 0.272
18 0.436 — 0.084 - 0.099

BINZEE D 3 >OHDNEMROZ L TH L, W
SHOFMEO 27FH & LT, Sl FZEHoRE S
BRFOHMEEE L THERE L TWb, ZOZEMNT
OEMER Oy MviddbEtE s LT, IndiEs
LTw2, Table 1 125 X H 22 DZEM® 3 KT
DTN TFH (22Tl baAFR) 12ko
TEFREINZZDDTH S, Thurstone £, Z DZER
% 30OFITMIG LzWF#he LT, 77 7 HMKo
LT TEEFREICLZFEOFIHE £ H 12
ER L7z (Cattell, 1954) = LT, BT S OE
e LCoMERE 2w L, I OBENEE TSI
L CHMgEDFEM A IRE L 72 (Mulaik, 1972 1 &
JK, 2003 %, 1979)

Rotoplot 1%, 2 v ¥ a2 —%CT¥ 5 7 L ToOHER
EHH SV T N THD (Cattell, 1978) s T E
ffi>C, Thurstone (1935) #3477z [Al#E O % 72
EBHTEBLTEDLD, I T, TR EERIC X
- C, Tablel DTN SFHN DA EX ZHE- T
BB LT DH, ZLT, RTOFEIRIZONWTY,
ZOAZ )T bR Lens, BHEMATALT
EIZT %,

227V 7M1 (5S4 T75VE2KTTay b
DAZ VTN, F—F DA

### Promax Hurley & Cattell (1966)

### scripted by Kazuaki Shimizu 2014.1.1
#nf HTFO

#nv BROE

T
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library (psych)

library (GPArotation)

source ("factor_plot.R")

#HHHE R ROTTH] (B3 ER D 5\ I3
f#) OARS

Vo <- read.table ("T1935p167.csv", sep="", header =

T, row. names=1)

Vo <- asmatrix (Vo, nrow =nv, ncol =nf)

nv <- nrow (Vo)

nf<- ncol (Vo)

nvnf <- nv*nf

V <- matrix (1:nvnfnrow =nv, ncol =nf)

Vp <- matrix (1mnvnfnrow =nv, ncol = nf)

A2 1) 7 b 2 Varimax Mz & K& Rfliz A TR
K- DR R & 1 & oz L

#H##
### Varimax by GPArotation
HHH
Vgpa<- GPForth (Vo,Tmat = diag(ncol (Vo)),
normalize = FALSE, method = "varimax")
Vv <~ Vgpa$loadings
for (k in 1:nf)
{ porm=0.0
for (jin 1:nv)
{porm = porm + Vv[j k] |
if (porm <0.0)
{for (jin 1:nv)
1Vv [, k] <= Vvlj, k]*1 |
i
V<-Vv

KD Figure 4 7 5 Figure 6 %%, GPArotation ®
Varimax [Al#iz THELN/24ERTH A, Varimax i
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Figure 4 Varimax SENHE 1 BAFEF2EFD 2 KT
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Figure 6 Varimax BBDE 2 AF &5 3HAFOHER

BER %G LRITEEETH b, S D72, 2
PKICDE SRR T OB E {2 L IEfiH T
Hbo INHLOREADL L, BHNEKEEOH.GIZHA
FERDSHE S TV D LTV 2RV, A E W) HlFIZ
LREFREVZ D,

A7) 7 b 3: Promax it (ERMAOAEE 45) (12X
% HER O ZEIRATH O FHA

#Ht WAE (Varimax) OBMFITH) O FFE Ot
% 43
p<-4+1
for (iin 1:nv)
{for (jin 1:nf)
{absv=abs (V[ij])
Vpli, jl = absv/~p/absv} }
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#HH
T <-solve(t(V)%*%V)%*%t(V)%*%Vp
DD <- (t(T)%*%T)
Dr <- diag(1:nf)
for (k in 1:nf )
i Drlk, k] <= 1/sqrt ((DD [k, k]))}
Tr <-T%*%Dr

250 T b A HUESATE T, 5 C, K, G, T, V,,
Vis Vi Vp Z il 5

Cr <—t(Tr)%*%Tr
D <-diag(1lnf)
D <-1/sqrt(diag(solve(Cr)))
nfnf <- nf*nf
K  <- matrix (1:nfnfnrow =nf, ncol = nf)
for (iin 1mnf)
{for (jin 1:mnf)
1K, j1<=0.0}
K[ii]l <- D[] |

Cf <= K%"%solve(Cr) %*%K
Tf <-solve(t(Tr)) %*%K
Vrs <= V%*%Tr
Vis <= V%*%Tf
Vrp <- Vrs%*%solve (Cr)
Vip <- Vfs%*%solve (Cf)

22 ) 7 b5 2WITATE R (HEAEEITH]) OFERK
CELIRT-E52 K1)

factor_plot (1,2, Vrs, Cf)

ZDOAZ) 7 hTIE, B (factor_plot) ~4 D
OB EZTELTWD, D 2ODHRT 5
FOFTTHY, RPERFETITH Do ED
A BAHEATENE, AiER O FC T HAERE O
RFRIRT HIZOTHA, D1 E2RETTLI L
THESELRFEEZDLIENTE S,

AZ7VF 62T ay MEE® R B
factor_plot
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## Two dimensional Plotting

factor_plot <- function (pl,p2,Vfp,Cf)

{

#i##t [F/35 — >~ @ plot

#t HFpl x  [HF p2

cf v <-round (Cf [plp2] 2)

plot (Vip [pl] Vip [p2] ,asp=1type="n",
xlim =c (-1,1) ,ylim =¢ (-1, 1) ,

xlab = pl, ylab = p2,
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main = "Reference Structure Plotting'")
abline (h=0v=0)
text (Vip [,pl] ,Vfp [,p2] labels =row.names (Vip))
legend ( "topleft"legend=cf v title ="Factor
Correlation”, cex = 0.7,

text.col = "greend", box.col =NULL )
f

LLF @ Figure 7 7 & Figure 9 %% Promax 7 5
5 N7 MU EAT | O E X TH % o Varimax
& BERETHE SN R E KT 5 &, 2Ok
BT LD BHREE ICE W eI 2 2805 TE %,
%k, ZOFRETIE, HEROMRETLIHTEE
THF 3R, %2 0T oEE#H? (m-1) Of
Vi EZ DI LD,

ZZTH L, Varimax OFE%E L 0 Bk E % K
OTHERSETHADL EMET L L, Figure 4 D 2
HFOMMPSHEMIHEIRFPHLE LT, Z0F
2HRF O (BFH) 24HH (A FAE) ~DL
TR L, B1IRFOLENEBIZZOBTHEA,S D
FEPFLWE LI RNT L L CHlL I LIl h b, 4
i, S L RT- ol BFmE LT, Ihit~A
FATTNNAE T B & 50 B ~OH LIRS 2 b
L 2RTANLEARIRE S5 L TEL, D
R, B 1ET L% 2 FHFoRTFHMEBEIZIED I
TE< %5, Figure 7 1 Promax {#:CZ d X 9 (2 [A]
L ROMEXEEL L EHTE D,

1]

a4

Figure 7 Promax fi# ((liEE) OFE1RATFEF2ETF
DHER
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Figure 8 Promax 2 (#RLiEE) DE1RFEFEIEF
DHEX

[1°
E

15 it aa
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Figure 9 Promax fi2 (#ERLiEE) DE2RAFEFEIEF
DHEX

A7) T T WMIE T 7 AV

R CRMEHEREM T 5121E, RV — ) VEHE
THhIUE, e rBHLrRbTUII v, &
LWt esvIERT7 7 A VANDOH I BHE1213,
RO EHIFARTH I ENTE S,

write.csv (Vrs, file ="referene_structure.csv’, append
= FALSE)

writecsv  (Tr, file="reference_transformation.csv’,
append = FALSE)

write.csv  (Tf, file ="factor_transformation.csv",
append = FALSE)

write.csv (Cf, file ="factor_correlation.csv", append =
FALSE)

2 21) 7 b 8 ATHIEHE
R ClE, fTHIRHEIRRICRBR T2 20 TE S,
C TR TS 225 E AT R R,

TR A=BC A <- B%*%C
WATFIDEE A7 solve (A)
1Tyosizi B’ t (B)

A7 )T 9 RO CFE Vb5 Vs BitET
% )5

D <-diag (1nf)
D <-1/sqrt (diag (solve (Cf)))
nfnf <- nf*nf
K <- matrix (1:nfnfnrow =nf, ncol = nf)
for (iin 1:nf)
| for (jin 1:nf)
1K [ij] <-0.0t
K [ii]l <-D []}
Vrs <= Vip% %K

CITIE, W8 — AT & W RIARBEATE I
BEHIE LCwd, WTombnfl LTI
MELTWAOT, FILELE L CORERRT 7 1V
PODOATE BT DEBDERDSLETH 5

Z21) 7k 10 ® 1 : Rotoplot ® 7144 o> #e A

Vip
Vrs
Tr
Tf
Cf
write.csv (Vfp, file ="factor_pattern.csv', append =

FALSE)

source ("factor_plot.R")

Vo <- read.table ("T1935p167.csv", sep="," header=
T row.names=1)

Vo <- asmatrix (Vo, nrow =nv, ncol =nf)
nv <- nrow (Vo)

nf <- ncol (Vo)

nfnf <- nf*nf

To <- matrix (1mnfnfnrow =nf ncol =nf)
S <- matrix (1:nfafnrow =nf, ncol =nf)
T <- matrix (1:nfnfnrow =nf ncol =nf)
Tr <- matrix (1:nfnfnrow =nf ncol =nf)
K <- matrix (1:nfnfnrow =nf ncol=nf)
Cr <- matrix (1:nfnfnrow =nf ncol =nf)
Tf <- matrix (1:nfnfnrow =nf, ncol =nf)
Cf <- matrix (1mnfnfnrow =nf, ncol =nf)
nvnf <- nv'nf
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Vrs <- matrix (1:nvnfnrow =nv, ncol =nf)
Vip <- matrix (1:nvnfnrow =nv, ncol =nf)
Vfs <- matrix (1:nvnfnrow =nv, ncol =nf)
for (iin 1mnf)
| for (jin 1:nf)

{ To [ij] <= 0.0

S [ij] <= 0.0 |

To [ii] <=1.0

S [ii] <= 1.0}

Rotoplot DEMETIX, BHEATHIIZ Y 7 MMTH (B
SFHOZBWHAED DR 22T 5 2 & TiTbid,
ZITE, BEETbRVWOT, MHOZEEITE
(To) &7 MTH] (S) LHMATHIE LTWD, H
TR THDH 1 OOWTF AR L L TIEALZ KT S
WalZlx, CORTFoORAEOMEZ-1.0& L, 13n
#1O0ELCRHTAZELTED, B, A2
7 MIdH A matrix (X, LTOFIETHHAT S Z0O%E
Bosfiglcdhszl, ZLTC, fHOKESL%2E
FETL7200BTH 5,

A21) 7 k10?2 : Rotoplot T K, T, V,, C,T,
C. Vi Vi, V, &Rl

T <=To%"%S
D <-diag (1nf)
D <-1/sqrt (diag (solve (t (T) %*%T)))
for (iin 1mnf)
| for (jin 1:mnf)
{K [ j] <-0.0
K [i,i] <-D [il }
Tr <-T%* %K
Vrs <= Vo%*%Tr
Cr <-t (Tr) %*%Tr
Tf <-solve (t (Tr)) %*%K
Cf <-t (Tf) %*%Tf
Vis <= Vo%*% Tt
Vip <- Vis%*%solve (Cf)

source ("factor_plotR")
factor_plot (1,2, Vrs, Cf)

BbhWIC

AP HRE L ST I & B RISV O BG4
F 52, Horn, McArdle, & Mason (1983) 124 %
“configural invariance” & \» 9 HREIZ [ A7 & A%
Pl W) FGEEE S 272 (GEK, 1989). #4FITH 5
configuration 121% [FiE | &\ FGEESLTHEND
Ztbdhb, ZOFGEEME T A, Thurstone
DEEME AN CTHRIZE A, ZOMFEDHED K

20144 5%

LTHhHobIs I LIRSz, JEANEH L 720
1%, Figure 1 OFFiETH - 720

W ORI, BUIZEEE OFEBATE % 505
L0V BN LELNZEDOTHY), ZOHEEME
Tdhb Table ]l D3 ODDORFEHNTHZ LIFTE
otz BROZ L L LT Tablel &) %Lk
TCOMR T2 O REZHER T 5 Z LITTE R,
B, ZUWICRERITE (MDS) OCRTY, 2R
TZEMIZB I AEBOME] L) L1 [HE ]
Tld7% <, [l b Tws 2 e gL
ER A

ol R EMICHAET2ERTRIAT L 2 L3,
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