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Exploratory Factor Analysis

v QM2 HE[Sfe2RH ERdst & oF El= CHEE(multivariate) 24
% SILtE A{, Charles SpearmanO| 19041 2HSH =2 0|A Q17F X
So| 2xE Tsy| 9ot WH2(0]29l 0|2, two-factor theory)2 2 H

A|SFRALE: "General intelligence, objectively determined and measured”

OF

(American Journal of Psychology)
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=
Molgtn REE A2 HZ O] "Lt I0|2 S 2|0|strt.

20210 cHet MW O|20| EXY 4% O|F XAt2E &
% k=]

HMAISHRIEL. ot 0| =5t

Joreskog, K. G. (1969). A general approach to confirmatory maximum
likelihood factor analysis. Psychometrika, 34, 183-202.

Joreskog, K. G. (1970). "A general method for analysis of covariance
structures". Biometrika , 57, 239-251.
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Exploratory Factor Analysis
> M 7| tieH 20lEY o|E

v' Spearman’s Two-factor theory (or g-factor theory)
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> EHME QOlEMI} HOIH QOlEA
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Y
| dut AA |
S QOIEM AR HE 91T (ZEHE 5, 20139 HA AT HY
v ALY AL SEFEAHRXHEE (NRF : National Research Foundation of Korea)Q|
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ME =2[X] 7h20 ME=ot FHO0 =50 BME 0IZAM'0] ZetE A
TE U&= 2005FFH 20113 Z|Z 7ENK| U=tz X| S0 AT
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Atatsidd A S e LIEX %=
R 50 100 100 151 201 251 301 351 401
IIE=PAES - -
oOl3t  0lat -150 -200 -250 -300 -350 -400 Ol&t
HlC 1 7 15 18 42 29 20 12 115
% 4 27 58 6.9 16.2 112 7.7 46 44.4
v FEAH A= 2 209 2 ZA EN UE 42 HE (%)
KMO 2 Bartlett 2Z Z1t HMAl 2eIo = ZA WE HMAl
AS ols US gl=
Bl (%) 108(41.7) 151(58.3) 211(81.47) 48(18.53)
v QI 2to] APEAIN CHSH MIAI 28
Atz
QUCY. ASEALE SICH
HIE (%) 237 (91.5%) 22 (8.5%)
HIAIE &4 BT (%)
Ol2XH|& 20 (7.7%)
A2 210 (81.1%)
Ol2XHHZ D ArZHH S 7 (2.7%)
B 237 (91.5%) 22 (8.5%)
B Al 259 (100.0%)
v R0 =9 3& 9H
SRSEIEN
EImE-1Ps| ANDZH ogel=s
BIE (%) 147 (56.8%) 77 (29.7%) 35 (13.5%)
=] BT (%) S BT (%)
Hiel ot A 141 (54.4%) T20A 18 ( 6.9%)
JIEt 1(0.4%) ClEQE2|2 41 (15.8.%)
oHgel=s 5(1.9%) JIE} 3(1.2%)
ogels 15 ( 5.8%)
SHA 147 (56.8%) 77 (29.7%) 35 (13.5%)
gt A 279 (100.0%)
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* ASEM: ta2 220
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2 Everitt(1984)°| Xt=O|LC}.

Xi: French Score

X2: English Score
X3: History Score
X4: Arithmetic Score
Xs: Algebra Score

Xe: Geometry Score

O AtIRZEH ot Ausizde gt ZCt
(1.0 ]
44 1.0
41 35 1.0

29 .35 .16 1.0
33 .32 .19 59 1.0
.25 .33 .18 .47 .46 1.0]

TdEEHE MATLAB = ALEo0| ZAlotal 1 Z1HE s Ao 2Xt.
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Exploratory Factor Analysis

$ MATLAB
clear all

R = [1.0 .44 .41 .29 .33 .25;
.44 1.0 .35 .35 .32 .33;
.41 .35 1.0 .16 .19 .18;
.29 .35 .16 1.0 .59 .47;
.33 .32 .19 .59 1.0 .46;
.25 .33 .18 .47 .46 1.0];
[V, D] = eig(R)

Vv =
-0.1384 -0.6288 -0.4554 0.2073 -0.4184 0.4000
0.1601 0.3832 0.3473 0.6774 -0.2727 0.4168
-0.0303 0.2825 0.1453 -0.6619 -0.6020 0.3126
-0.6926 0.3361 -0.2334 -0.0227 0.3925 0.4453
0.6889 0.1300 -0.3937 -0.1695 0.3508 0.4491
-0.0069 -0.4981 0.6643 -0.1757 0.3333 0.4105
D =
0.4019 0 0 0 0 0
0 0.5225 0 0 0 0
0 0 0.6028 0 0 0
0 0 0 0.6153 0 0
0 0 0 0 1.1288 0
0 0 0 0 0 2.7287
1st PC= 0.4000Z; + 0.4168Z, + 0.3126Z; + 0.4453Z, + 0.4491Z; + 0.4105Z
2nd PC= -0. 4184Z, — 0.2727Z, — 0.6020Z, + 0. 3925Z, + 0. 3508Z; + 0. 3333Z;
3rd PC= 0.2073Z; + 0.6774Z, - 0.6619Z; — 0. 0227Z, — 0. 1695Zs — 0. 1757Z;
4th PC= -0.4554Z, + 0.3473Z, + 0. 1453Z; — 0. 2334Z, — 0. 3937Zs + 0. 6643Zs
5th PC= -0. 6288Z; + 0. 3832Z, + 0. 2825Z, + 0.3361Z, + 0. 1300Zs — 0. 4981Z;
6th PC= —0. 1384Z; + 0.1601Z, — 0. 0303Z; — 0. 6926Z, + 0. 6889Z; — 0. 0069Z;

> 9lot 20| O|2HoRE 67
& QICh JPfLh HE Po| HYHUS T

|
Oﬂ %E)dtdol A %%éaﬁﬂﬁlgj 4151Ef Zﬂ7ﬂ Eé%gLJEr

19
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> Fd& el 278
v HEARE HES aostr| Qo Fd=e| M+E& 2750k 5, 0|2
of FEE9 == EO 2EHso| £HL 2 = QU0
v 4 FEee| 4h2 eigenvalueO|?| E0| 4 w2 LY F2E(F
A 24 S0 2HSt= H[E)E Z2785t= o 08 FE5HH ALY
T UCH
v Jtsch EE
- Scree Plot
- Kaiser TtEE Only keep PCs having eigenvalues greater than 1 (when
analyzing a correlation matrix)
- Set a variance-accounted for threshold (e.g., extract PCs until 80% of
the variance is accounted for)
EV = [2.7287 1.1288 0.6153 0.6028 0.5225 0.4019];

PC = [1 2 3 45 6];

plot (PC, EV,'-bs','LineWidth',1,...
'MarkerEdgeColor', 'k', ...
'MarkerFaceColor', 'k', ...
'MarkerSize',10)

xlabel ('Components')

ylabel ('Eigenvalue')

Eigenvalue

Components
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2
]

> e

p

:&Za

p

j=1

]

p

2 =}, =2.7287

Sai

2
I

=1

i

=1

j=1

21



Exploratory Factor Analysis

FMH& A= (Principal Component Scores)
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Exploratory Factor Analysis

BEARE AEOHY FIEE4H HASH7] (SPSS ALE)

f
X1 otF Eo At

X & &

HRCZRE Y2 A=O|Ct

X3 2 o YRRt
Xg: X2l (1,000)

H 2 X1 X2 X3 X4
1 44.02 2048 95 696.82
2 2042 3940 12.8 1033.15
3 18.74 6505 36.7 1603.62
4 49.20 5723 35.7 1611.37
5 4492 11520 24.0 1613.27
6 55.48 5779 433 1854.17
7 59.28 5969 46.7 2160.55
8 94.39 8641 78.7 2305.58
9 128.02 20106 180.5 3503.93
10 96.00 13313 60.9 3571.89
11 131.42 10771 103.7 3741.40
12 127.21 15543 126.8 4026.52
13 252.90 36194 157.7 10343.81
14 409.20 34703 1694 | 11732.17
15 463.70 39204 3314 | 1541494

v MATLABES 0|3l Lot nqdle 313

v SEHSZ0| CHot B2 5t sl A shoi 2t

v SPSS O 78 AMESIY FHE 242 HASH

v ZNEEHZ HAY O MHEE Fage] a7 1 MBI

v SPSS syntax® AFBSLOI TAE 2AS MASH| (BEAHE AL8Y)



Exploratory Factor Analysis

% MATLAB

°

load hospital.txt
R=corr (hospital)

[V, D] = eig(R)

R:
1.0000 0.9330 0.8968 0.9814
0.9330 1.0000 0.8840 0.9595
0.8968 0.8840 1.0000 0.8945
0.9814 0.9595 0.8945 1.0000
V:
0.5766 0.5981 0.2341 0.5050
0.2482 -0.7762 0.2926 0.5003
-0.0418 -0.0288 -0.8723 0.4863
-0.7773 0.1974 0.3140 0.5082
D:
0.0137 0 0 0
0 0.0699 0 0
0 0 0.1408 0
0 0 0 3.7756
o
-
.
]
Ok 2
~
-
o

0x
gl
e
ol




Exploratory Factor Analysis

MATRIX DATA VARIABLES = NumDP NumXr NumMP NumLoc

/FORMAT = FREE LOWER
/N=220
/CONTENTS=CORR.

BEGIN DATA

1

.933 1

.897 .884 1

.981 .960 .895 1
END DATA.

FACTOR MATRIX = IN (CORR*)
/PRINT ALL
/CRITERIA FACTORS (4)
/EXTRACTION PC
/ROTATION NOROTATE
/PLOT EIGEN.

=84

=7 ==
NumDP 1.000 1.000
NumXr 1.000 1.000
NumMP 1.000 1.000
NumLoc 1.000 1.000
FE g FHE 24

R
NE
1 2 3 4

NumDP 981 -.087 -.159 .067
NumXr 972 111 204 .030
NumMP .945 327 .009 -.005
NumLoc 988 -117 -.051 -.092
Q0IFE 9 =HE EAM.
a. =EE 4 g2

25




Exploratory Factor Analysis

. EFMX QolEM

[e)

| i'gat 2

v' Spearman’s 2Bt Q0IB 3 (g-factor model) 22 CHAZE QP HH(single

common-factor model)
X;=pu; +1,F +e, (j=1---,p)
z,=l;F+e; =I;F+d,U,

v' Thurstone's 3529212

ogt

z, =l,F +1,F R+ 41 R+,
=1,F +1,F +lF +-+ 1 R +d U (i1=L---,p)
X, = 2M B
2, = BEES jo| EEE g
p= JAEEHSO I
m= BHOAM AIEE FEQ92l(common factors)Q| 7=
Fo= M m 74 29 = kA 29 (k=1---,m)
U, = 2t&EH=s 02 S F&= unique factor
|, = BaEa o 9ol kof ohet Q9 Halz
e, = B4 2% &
d, = A== /O unique factor0f Ciot QI £

var(z;) = var(F,) =varU;) =1, var(e;) =y, =d?}
cov(F ,F.)=0 O7|N k=k > 17t 43Zn
0

cov(e;,F.)=0 Z3221 FH 2%Xt= HHO

r
cov(e, 6,)=0 S ChE BHEEa BB X7t ABO| 0

26
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Exploratory Factor Analysis
M ZEX] %

o

[m=]

213tof ct

i
il

B 4=(manifest variables)2}

e

a1
il

il
o

IH
Ho

IH
>

=
10

7

=
10

e

=S
10

o

=

10

=
<0

I

(fitted)

2t J49l0] 7}

v

ote A2 teelfLt SHHEX

ol
K

ol
70

Xy
2Lt 352 2l(common factors)0| CHst

xr
IH
ol

ojnu

IH

7

ol
Kr
pal
K

VS

gl

4
o)

MHr

10
1o

=
10

740|c}. C}

=Ctt=

2t
=

i TV

cov(z,,z,) =cov(l,F +e,,I,F +¢,)

2

I, cov(F,F)+1, cov(F,e,)+1, cov(F,e,) + cov(e,,e,)

= Ialb

var(l;F +e;) =1

var(z;)

10

ol

Ho

+1,.F, +¢€)

l.F+1,F +-

+1,.F, +e,,
27

Iallbl + Iallbz +- 'Iamlbm

2 2 2 2
var(IJ.1F1+IJ.2F2+IJ.3F3+---+IJ.mFm+ej):Ij1 +Ij2 +Ij3 +~--+Ijm +y;

cov(z,,z,) =cov(l,F, +1,,F, +-

var(z;)



Exploratory Factor Analysis

v ek, HEESRAEH0| FOT A2E H Mottt 2 I £,°
+

CHZtelas 1% +y, 7F &2 B|CHZE fl2= 11,0 & Z{o|C.
Ch2 U2 &9, 0|5 e =H™stn o 5 [ +y, 1t ([, Hrste
Motel ™ § 2 ¥2 4 QUrk

v RYol Mtk (‘goodness of fit')E EItot2H, MetEl JoAES #2

o =
AT w8 4 Aok

M>

Redidual Matrix = R—izz 22 (=S-2)
> S&°d (communality)

v RelS7 4% 40| giCiorthogonali)E 7HY oA Chedt Ze ¢

_12 2 2 2 2 _
var(z;) =15 +15; + 155 +-+ 15, +di =1

07| M common factors®| QOIEsIE HES 2F Ht AS 354

o
(communality; Of2{ofA{ h?)o|2tn RECt.
2 _ 12 2 2 2 2 2 _
hi =15 +15, + 155 +-+15, — hi+dj =1
v CHS uniquenessdf o3t 242 olOjstE df &= CHA| s 230| YU=Z
THECoZ E451A M1 e FE(specificity; Offo| M bf)nt ZH 9

Qxtof o3t EAHOLZ oA ef)22 L0 H 5= UCt

2 2 2 2 2
hj +dj :hj +bj +ej =1

28



Exploratory Factor Analysis

h2

A
(!

g AE

X M&EE

T =
HT

tCh o

o
.
o
[

A A9 B

N
ot

WFSYO[20M

=0i(l-1,)

2
e

A ol aXA-dE E)'Z T

104

(1-e})=bf =r; b}

2
J

h:

9

H£=0| communalityZ} 7}X|&= ASHA = AZ|Z0|CH

bf >0)

2
hj <r;

= Ag Aoltt. o] Iff, 553

S| {8l 2RsiCt g

o

KIr

<
0

14

ige]

ol
Ho

AFA7L Oz A

=
=

ZotE|0f ALEE, O

EXe)
==

HoHH

=

T
E
=1

ol
—

I =ZIC} CF SPSSO| MOAM 2
2 (principal component method)=

A

l

=13
=]

IH

Jo!
oF

Jo!
oF
ojn

IH
I
0

KF
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SPSS7t X
| > a)

i
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Exploratory Factor Analysis

> RAZM0M &

2 99l 93 WH&H(factor pattern

foIr

=
10

47t 90102 R

matrix)0|2f 1 EE2C} Of

ojru

7

=

=

M&dtol 25

)0|H, o &

2
(eigenvalue)Zt =ICt.

(communality; hs

]

A Ol L.

L

= HAA=Z 27| I&0 o

M OfX|

M
o
[=13

=

=y

i
—

10]2

]

L QOIEMS E3M Q0fAQt

Of TIxtA&Eo| RS 00 7HZA SHLI7t

—1
[

rS|
S|

)

[N}
[}

!

ojru

IH

oM 22|17t

)
=

A=

| -

Hpartial correlation)Off CHSHA| 242ts)

AbD
[l

o
p(X1, X, | X,) 0|2t E7|Bh.

=

=

71 flsiM= &

Z0|C}. O

-
(@]

—

—

RN

2 73

o
=

2t

I

=

principal of conditional linear independence)O|LC}.
o

X3 0] =0Tl XY CRA| ZBAl X30] 7=l

Z
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<
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Exploratory Factor Analysis

ASZH|: Everitt(1984)2| X2 & 7M1 HEE Y ES o F
CHAZEQQDHO R MotsIQIct FHE Y ZHE2 O3 20
I, =50, I,=.54, i,=.35, I,=.73, I, =.73, I, =.62
i, =75, i, =71, ¥, =87, i, =47, Vs =47, 1, =.62
v XA HS FotE?
1.0 1 I ]
44 1.0 27
n_|41 .35 10 ¢ |18 19
29 35 .16 1.0 #7136 .39 .25
33 .32 .19 59 1.0 37 39 26 53
.25 .33 .18 .47 .46 1.0 |31 33 22 45 45

A7

24 16

“ 1-.07 -.04 -.09

-.04 -.07 -.07 .06
—-.06 .00 -.04 .02 .01

31



Exploratory Factor Analysis

At=Of CHEHA]

ol
~U

I

v

ojn

51

.59
.64
.38

44
.63

diag (V)

43

.56

29
45

57

.39
74
72
.60

—-.28
-.21
-.13

.001
.000

—.004
.002
.007

—.002
.010
—-.029

.001

.018
—-.025

—.006 .005

.030

Il
<«

(F 70 2

4
o

10

ole

v’ EBveritt(1984)°| Xt=0f CHgt 3EQRQ

43

.56
.57

.29

45
—-.28

39
74
12
.60

-.21
-.13

Il
<«

= 2 F 0o g m
n mn O M < O
Wel ey
%) 7)) %) % $ %
QO O O ¥ Y Y
c & < £ £ c
T 0 9 55 5 5
S5 3 3 5 5 S
= £ ¢ 2 %2 .8
5 3 535 5 §
o © I~
A > A
(@))] — ©
ST g o
° ~
Tl g e
QI L T
+ o+ 4+ o+ o+
N N o o~ N o~
©O ~ O X N O
0 mw M ~ N~ ©
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L_._
10l

o]
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il
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o]
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Factorle| 114

Factor29| 114

Exploratory Factor Analysis

56° +.57% +.39% +.74° +.72° +.60°> = 2.20

432 +.29% + 45 +(=.28)2 + (=.21)° + (~.13)2 = 0.60

MATRIX DATA VARIABLES = French English History Arithmetic Algebra

Geometry
/FORMAT = FREE LOWER
/N=220
/CONTENTS=CORR.

BEGIN DATA

1

.44 1

.41 .35 1

.29 .35 .16 1

.33 .32 .19 .59 1

.25 .33 .18 .47 .46 1
END DATA.

FACTOR MATRIX = IN (CORR¥*)
/PRINT ALL
/CRITERIA FACTORS (1)
/EXTRACTION ML
/ROTATION NOROTATE
/PLOT EIGEN.

FACTOR MATRIX = IN (CORRY)
/PRINT ALL
/CRITERIA FACTORS (2)
/EXTRACTION ML
/ROTATION NOROTATE
/PLOT EIGEN.

33




Exploratory Factor Analysis

29l =9| 3|™ (Rotation Methods)

>

20l =9| =|H™o|tt. otLtel 22l

30 U
o
0% o
il
7S

1
—

2t & (Rotation Method)2| &HAl0|Ct.

|

3|

=
=

114

E
ojnu

v' Bveritt(1984)9| Xt=

French English History Arithmetic Algebra Geometry

MATRIX DATA VARIABLES

/FORMAT = FREE LOWER

/N

=220

CORR.

/CONTENTS

BEGIN DATA

.44 1

.35 1

.41

.16
.19
.18

.35
.32
.33

.29

.59

.33

.25
END DATA.

.46

.47

FACTOR MATRIX = IN (CORR*)
/PRINT ALL

/CRITERIA FACTORS (2)

/EXTRACTION ML

/ROTATION NOROTATE

/PLOT EIGEN.
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Factor2

v pE

=

Factor2

08

07t
06}
05t
0.4t
03t
02t
01t

01F
02r

0.8

07t
06}
05}
0.4}
03t
02t
01t

01F
02}

Histary  French .
* *

English
5 g

Geometry J
¥ Algebra

Antlhmetlc *

0.2 0 0.2

0.4 06 08

Factor

=0| M3z 90E7t =
(orthogonal rotation)O| 211
Everitt Xt=0f CHot 24 ZAUoM 2

z2 80| TH5e

Exploratory Factor Analysis

< Unrotated Loadings >

Factorl | Factor2
French .558 A25
English .569 .286
History 392 450
Arithmetic .738 -.279
Algebra 718 -.209
Geometry .595 -133

= wAIBHEA =2/ Y I 0| XHu 2|H

StCH > 2™

“History  French T
» *
/l Il
4 English
J/ . g
7’
4
, _
//
/7 -
4
S 7
4 Geometry
g Algebra
: ; Arlthmetlc*
02 0 0.2 D\ 06 0.8
Factorl

35

s0|E Q9 7t g2 oolch
0| 9022 MHY| BBt &
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Exploratory Factor Analysis

g

At 3| (oblique rotation)O| 2}

00| OfL|A =&ltt.

=
=

[ o
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ol
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ol
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v olget 29 siMol ZXHES

ojnu

KIr

= ZAO|Ct

=

Zk
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H

S LIEfL= tol2tn 2

M22 = dolMel

<

i

Ui

==

A1

X (simple structure)Zt 2|0|S}

= 3
=

2 OIF5IES0[ L7 otLtel K2l

e

ojru

ojnu
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HA

of CHoliM= Of? %=
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A LA 20

Zt
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o
=
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U 3ol
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o
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Jo!

v Everitt(1984)9| X}E (PROMAX H#g 0|8

36

/CRITERIA FACTORS (2)
/EXTRACTION ML
/ROTATION PROMAX

/PLOT EIGEN.

FACTOR MATRIX = IN (CORRY¥)
/PRINT ALL




Exploratory Factor Analysis

i
=
10

.700
.620
.589
.387
418
.371

412
462
.246
.787
.748
.608

French

English

History

Arithmetic

Algebra

Geom iy

.680
.524
.651
-.065

.009
.053

.038

A7
-.112

.823
.743
.579

French

English

History

Arithmetic
Algebra

Geometry

A4

2|™ Y| Kaiser Hmtat7t Q

-

~d

<
ol

7l
&

od

{oF

E
10

S KM A

xr
10
ojnu

il A olx
k-

t217t

MEt

.550
1.000

1.000

.550

|0|St= 8f

]

=
10

{oF

(Structure Matrix)

ol 24
°"E

P

(Pattern Matrix)

ol 24
°"E

Ty

37



Exploratory Factor Analysis

Ct2at &2 2919 H|Z ™ M(factor indeterminacy)O]|

Msk?| Z0|Ct &

oju

=
10

=
-

m

]
T

IH
o

2

ot

S, =p=LL+¥ o} E53

ok
=

LM (LM)-+¥
2 factor loading matrix)O| 0, 2F0f| A
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H 2
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Exploratory Factor Analysis
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Exploratory Factor Analysis

C22 HQl 105 Z7|(decathlon) Zi1} 230 MEEEZHE A2 ArntA
== X}=ZO0|LC} Track 5! field events (100m, EHZ|F 7|, E2tEHX| 7|, =O|5F 7],

400m, 110m 3{=, |EtEX|7|, &Li=0|5F 7|, HEX|7|, 1500m)EE O|&0{ %
O B7|= &4 =29 7|85 fst= 77} U2n 0|5 ghiteE F=ol e

aT o
2 53 4Ng

> J

=3iC

—_

MATRIX DATA VARIABLES = hund 1j sp hj fourth hll10 disc pv jav rl1500
/FORMAT = FREE LOWER
/N=230
/CONTENTS=CORR.

BEGIN DATA

1

.59 1

.35 .42 1

.34 .51 .38 1

.63 .49 .19 .29 1

.40 .52 .36 .46 .34 1

.28 .31 .73 .27 .17 .321

.20 .36 .24 .39 .23 .33 .24 1

.11 .21 .44 .17 .13 .18 .34 .24 1
-.07 .09 -.08 .18 .39 .00 -.02 .17 .10 1
END DATA.

FACTOR MATRIX = IN (CORR¥)
/CRITERIA FACTORS (2)
/EXTRACTION PAF
/ROTATION PROMAX
/PLOT EIGEN ROTATION(1,2).

7 3 A 9| At 3|

oy S|IHME olyy® o e

20l [0l 20l

1 2 1 2 1 2

hund .636 .254 | | hund .634 .261 | 1 hund .648 .069
lj .755 228111 .700 363111 .698 .158
sp .745 -.593] | sp 122 9451 | sp -.097 .997
hj .596 104 | | hj .500 341 )1 hj 478 .203
fourth .583 .488 | | fourth .758 .056 | | fourth .839 -.199
h110 612 .085]ht110 498 .365] 1 h110 470 .230
disc .596 —.446 ] | disc 17 .735] | disc -.051 .768
pv .451 .064 1| pv .368 .268 1| ov .347 .168
jav .374 -.231] | ijav 107 426 | | jav .015 432
r1500 124 .265] 111500 274 -.104 1| r1500 .334 -.208

40



Exploratory Factor Analysis

Qo ex
1.0
fourth
0.5 o]
r1500 hund
o o OU
hj h110
N
o o @
NOROTATE &
* jav
o
disc
o
-0.5 sp
o
1.01
T T T T
1.0 0.5 0.0 0.5 1.0
Qo1
SEE QO Z2HNAS RO &2
1.0 sp
o
disc
0.5 jav
o h110 j
pv eh' ©
o
hund
fourth
_J o
VARIMAX: g
0.5
-1.01
T T T T
1.0 0.5 0.0 0.5 1.0
2911
SEE RO Z2HAQ QO & H
sp
1.0 o
digc
o
0.5 jav
o
h110
V@ ]
o hj o

PROMAX: :

v M ZF0] AOIA /PRINT ALL &
A AE A+E FolEH?

o
=)
O
o
=
A%
il
0
B
X
4>
0%
nE
=
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Exploratory Factor Analysis

CHQFSH 3| i
v Aug|H™
- VARIMAX: Q2185 NZEE2 Aitzl= 242 X Oz (242
ZCHtste{ ™ Q125120 & A2 O IA &2 A2 Os &
L= A0 Relstr| WEo)
- QUARTIMAX: Zt Bp&IEH AT} QX SLto| 2 QIS IR 2
3|
- EQUIMAX: tteaZxE X (3 2HEHS£7t 7tsost M2 20l
0| 2 QORSHEZ JHX| 0 LHHX| 29210] CHsiAM = 00 it
ROILGIES X R)
v AR 3™
- PROMAX
- OBLIMAX: &7t 37|9| Q&322 Z=0|7| 93|
- QUARTIMIN: 21X &i2o| BIEEo| LYXO| 30| XAV} E 22
- COVARIMIN: Atm3|&0|HA VARIMAXS| =z|2 =
- BIQUARTIMIN: QUARTIMINI} COVARIMINES &4 12
- OBLIMIN: QUARTIMINI} COVARIMINS C}Z HtAloZ 3hjj 1

% Ctz= X (Simple Structure): 291 S Q|
Cheat 28 SESS JHE o T Pxetn
UL,

(1) 2 o] HOj&= 3tLte 05 7HE W

() 2 go| Hojx B 20 012 02 JE [

(3) ZtZto| &= HH(each pair of columns)Qj| A|, SL= 00
b4 CHE Sfit= 00| OfH FRo| &I}
Moz ZE Q0 £0t2 g

> e Fxo| 7|25l oo|t|ols 4 EHEEHST}
CHE HaS1F 7HK|= o20] 7tsstH X2
ol ooz Z HHELEE o= AO|Ct

oE =09,
705
6 5 0
50 0
0 8 .4
750
0 4 0
0 0 .8
0 6 3
4 0 7
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nat
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17|(decathlon) XI=&
tLhZE & 9| M (VARIMAX)Z A& SO

=

2 x=xd
TET

PSS Zi1o|C}.

Exploratory Factor Analysis

S| 2 (PAF:

FACTOR MATRIX = IN(CORRY)
/CRITERIA FACTORS (2)
/EXTRACTION PAF
/ROTATION VARIMAX
/PLOT EIGEN ROTATION (1,2).
584
el xz
hund .606 470
lj .530 .622
sp .635 .907
hj .394 .366
fourth .601 .578
h110 .370 .382
disc .545 .554
pv 236 .207
jav 232 .193
r1500 375 .086
3% Y FR0052
MYE SEM
29l 7| A7 F= Magh "ML 21 Magh Mt
BA (% BA | % FE | BA (% B4 | % EH | BA | % 24| % A
1 3.790| 37.902| 37.902 3.315( 33.147| 33.147 2.215| 22.153| 22.153
2 1.486 | 14.855( 52.757 1.051| 10.506| 43.653 2.150| 21.500| 43.653
3 1.165| 11.654( 64.411
4 926 9.257| 73.668
5 680 6.797| 80.466
6 602 6.017| 86.483
7 526 5.256| 91.738
8 382 3.815( 95.554
9 235 2.355| 97.908
10 209 2.092| 100.000
5 WY FHR053
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oIy’
292l
1 2

hund .636 .254
lj .755 .228
sp 745 -.593
hj .596 104
fourth .583 .488
h110 .612 .085
disc 596 -.446
pv 451 .064
jav 374 -.231
r1500 124 .265
olFE Y =5 QFE.

29l

.
s

717
.697

.697
- 717

F5 20%%

44

Exploratory Factor Analysis

3 HE Qoluy®
29l

1 2
hund 634 261
lj 700 .363
sp 122 .945
hj 500 341
fourth 758 056
h110 498 365
disc 17 .735
pv 368 268
jav 107 426
r1500 274 -.104
0IxE WY £% golis
2™ " Kaiser Htat7t
U EEES
a. 3 HrEA| Lo 2 Q12| O|
THEJASLICH



Exploratory Factor Analysis

40
=2
x
rhr
nat
ro
|_l
o
O
O\J

17|(decathlon) AtRE F==E5|H(PAF:
tLhb At 2| (PROMAX)S AHESHY
PSS ZAut0|LC}.

Of

wn O
o

v ARG E: Hule|Hi 4+ S84 w0l £4, Dxgre| o] ZCt

FACTOR MATRIX = IN (CORR¥)
/CRITERIA FACTORS (2)
/EXTRACTION PAF
/ROTATION PROMAX
/PLOT EIGEN ROTATION(1,2).

584

z=7| FE
hund .606 470
lj .530 .622
sp .635 .907
hj .394 .366
fourth .601 .578
h110 .370 .382
disc .545 .554
pv .236 207
jav .232 193
r1500 .375 .086

ol on HBE
%7] 193 =z MEY =AYz HEjgL
oA | e | wwm | owA | %24 | % ed &7
1 3.790 37.902 37.902 3.315 33.147 33.147 2.854
2 1.486 14.855 52.757 10.506 43.653 2.628
3 1.165 11.654 64.411
4 .926 9.257 73.668
5 .680 6.797 80.466
6 .602 6.017 86.483
7 526 5.256 91.738
8 .382 3.815 95.554
9 235 2.355 97.908
10 209 2.092 100.000
AZ uH F=3Q0%3
a. 00| ARl A M EAe 78 W I I




Exploratory Factor Analysis

el &2

A

1

o]
Bl

mn
=
10’

.391
.505
.949
441
.218
464
.743
341
440
-.042

od
o M~ 0 O O W — — ® O
D~ O~ F © oo AN ®
© N O NN 0o A
=
© £ 2 o %
[ —
5 a .. 3 — 2 > 3 ¥
<~ n <~ u— ~ © [ONENN- 4 p—
® ® N~ M ® O W © A
OO oS m O O m S
Q - @ - A n A
| _
od
o ® W N~ O @ O — N~ O S
¥ O 0o ~N ® 8 O S — ®
© © © ¥ © ¥ o 0 o 0
| |
~ (@]
° £ o S
> Qa - g — 2 » 3 2
<~ © ® S © W © S — W0
O N OO O W T © MmO
NN B - ¥ o ¥ o A
| _ _
od

.636
.755
.745
.596
.583
.612
.596
451
.374
124

hund
Sp
fourth
h110
disc
oV
jav
r1500

. Kaiser At3t7}

. Kaiser M37t

=13
=]

2 29l 199
ur= ) At0] @ T E L Ch

Hl
Khu

©

g ASH Lt
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497
1.000

1.000

497
B Kaiser H3}7}

<
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Exploratory Factor Analysis
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Exploratory Factor Analysis

RAEM: B+ FH
015 WHA(L)e F=H: p=LL+¥ oA LIt wOf CHiA = L™ U
X| ooz Ol Q082 1 df HUES FOI NR(ER)ZEH F
HE|0{OF L} OF2fOf A= SPSSOIM AL E|= CHADH QQIE5HE =3 B
O CHsHA AmECt
Zt = gHEZ S5t AFESH= 208N BYo| 24+E FHGM, 0| &
Sff XA Ab2F 2 ZH(reproduced correlation matrix) 3 TFXRH & (residual matrix)
= Aot Hgtk(goodness-of-fi) g AS ol Mt E AF o= ELCHE
g2 THXHM & " & A& 2 (root mean square residual; RMSR)2 A AtSt= A
O|Ct. RMSRZ TtAt HEHO|N 2 @AE HM&StH Cet £ o O|F A 4o At
8ot @49 = = pp-1)/2=2 Lz 5o M&E2S A% F5HA =L
0 S0{A{, X|Lt A|Zt0| C}Z decathlon Xfﬁoﬂkl 7He| Q9IS ARSI
PAF EtHHO 2 QOIS ==l PROMAXZE Q0 =& 3|Mst 420 ¢ %t
Kt E o RMSRE Ch21F 2L}
Ehxte 2

hund lj sSp hj fourth h110 disc pv jav r1500
hund .051 026 -.066| .135] -.011 014 -.103] -.069| -.216
l .051 -.008| .036| -.061 .038| -.039| .005| -.020| -.064
sp 026 | -.008 -003| .045| -.046| .021] -.058| .024| -.015
hj -.066 | .036| -.003 -108| .086| -.039| .115] -.029| .079
fourth 135 | -.061 045 | -.108 -059| .040| -.064| .025| .188
h110 | -.011 .038| -.046| .086| -.059 -.007 | 049 -.029| -.099
disc 014 | -.039 021 -.039| .040] -.007 000 .014] 024
pV -103] .005| -.058| .115| -.064| .049] .000 .086 | .097
jav -.069 | -.020 024 -.029] 025 -.029| .014| .086 115
(1500 | -.216| -.064| -.015| .079| .188] -.099| .024| .097 115

RMSR = \/%(.0512 +.026% +---+.115%) =.073

48

(rough guideline: 0.05)




Exploratory Factor Analysis

FH B (Principal Component Method): df 0| 72| 00| ALt FA[&Z0HF
Ot p=LL'E & = U= R (CHA] 25HH, FEE2 A0 ZHE)0 At
2= Y JUAE 2 AHEY Fofd 29 Cha1f €0 BA|ECL
o _
0
p=VAV'=V . V'= e+ + €8, +---+Aee, =LL
0 .
L 2o |
v FEEEM0A eigenvalueZt 1ELCH F FRE=7F O8] &2 0[&5H0
=40 ALY FHE =& ZAdsHA EICh T mijel FHECE
HHsSO| 44XV R 2 28E = AOE (F, NHMEE mHR
MRl AZF 43 A0 LHX|= ZO}), 4™
{p=LL" : (pxp)=(pxp)pxp)}= CtS2t ZO0| ZASHA =Tt
p=LL" 1 (px p)=(pxm)(mx p)

_\/Ze; _

ﬁ;ﬁielei+-~+imeme;n:[\/> \/>e re} \/Ze'z =LC
imerln_
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Exploratory Factor Analysis

Ofsfi5t7| L.

=

B (Unweighted Least Squares Method; ULS): &t

A

o
oM, 2 Zut

o| glct,
x| B

> H|7}S%|AX}
=

~
A

Moz 24 3=3o| A=K tiet A

CHE: &3 180 84 =
HZS(test of significance) BHH0| QiCt= 0| THHO|LC}

¥

>

=
=

B (Weighted Least Squares Method; WLS): ULSQ} 79| H|==3t

O[X|2h XjO|F2 TAAEL Zt 240 7tSKE FOetCi= FOICh

2
=

V=X AKX}
H} EH
od

>

= A2 otH7| MZ0of O

=3

Ujru
=
<0

_

<
Rl

-

7

= ACtt= FolH,
=of tiet Rel=

e
[s)

b

=

b

50

.

C
7t0[M& H3S Sot0 H

of ot
= UACHs "ol ZFo|tt

=]
L

: The model fits the given data.
: The model does not fit.
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Exploratory Factor Analysis

F=Q QI (Principal Factor Method; F=£3||'H, Principal Axis Factoring): €f

oAl SEsH Hiet 20|, FYEE2MT g2 2EMoME dfo| 01t {20
StAl G2 4fe= EXotctn 2ot Jd2fL FEEEY2 olgst E42 Y
St UKX| L
v ZEZQOIYOIME AR FOiZAM 42 10 tAl 0|2 o= x|
A7l =AM = (reduced correlation matrix; 0|5 RCM )& #3510 290l
=M8Z TASHA ot RCM & Fh= EXt= CHE21F 20k O] ZFE0A
2 E Q9l(common factor) @ 2 E5|A = EIBHSSTF AFRSHY| 20
FEE Q052 S5M4(h))S st YA E=ICk
Step 1.

RCM o CiZtpl4 Z7[gto =, 2t S0t OHE p-174 2EB+E
SYHSE o0 BALHS MASD T R
RCM® & At835t0] QolLfstz WHg oM Chaat 2t
RCM @ = LOL': (px p) = (px p)(px

+ 2% FES P85t 0 27| d&0AM, FdE 40l HESXK]
a

(weight; w; )2} 2t 2 QI=512H(a,

X
Ooj&A 2 lFotd dBS O|85t0 LA 53585 Aot O[S

hi® 2t HEA|SHCY.

Step 2.

Step 101A] @2 hi® o2 EERAZHHO HZHAAE CHA| CHXAIZI &
of 0|2 RCM@o[2t R2C} 0|2 0|8310] CkA| LYT @2 axtd
o=z st}
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Exploratory Factor Analysis

HXO
L 1

Z(N)J_J.I' h

23101 h

]

ot = 7
E7I j=2of, FdEE4E A

-]

¥

H
|_

gt
=

N & 7=

5| DOjstetEH SESED 07|42l RCM & Z

C}.

HE

=

=

==
=

|©|] Step 11} Step 2
PAFS| 42, 20219 E4t8 ||

Step 3.
o

o
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o O

v

il = _
A4 Dp W M K
0% X0 oo 1o
LL
¢ Kk = 4 & ol
T
@ X (o oo
™ 10
i 0 s — IH
oo ™ =N 8 g
_._._._ _.m_u w 1 m .__Ano
0| m._ﬁ <] il o IH M nio
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=

Z ~N(0,X,)
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Exploratory Factor Analysis
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Exploratory Factor Analysis

% Heywood casels Of= % ##2 ALgOHZ WY 7H5N0| YTt

v Heywood &&0| Zddt= QS delof £ Ctant 2ot

N 2849 E71gtol LHpe 32

(20 DS 209 £7t US YAU FHL AL

(3) ABAY Ys FHXE PsHIlols UK 27t UE HS AL
4) R0l2M BHom HEE ol SHEH AR FL

1.0
R=109 1.0 }

04 09 10
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Exploratory Factor Analysis

> 7|Et SPSSOlM AFEE|= 8
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v Alpha factoring (&
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Exploratory Factor Analysis

v QoA 2 Hit Z0| decathlon XtZ(100m, EHZ|5¥ 7|, E=HEHX| 7|, =O|5F 7],
400m, 110m &S, QHIEX|7|, RHCfL=0|%| 7|, &EX|7|, 1500m)0|A = 749
s AEY W RMSRZ A1t 0058 HOolM UEAERZ Hg:ES 20|
X SACE S22 M 7Hel 22 AEE I S &+ Us MaddadE
X ZHXHA HO| L.

Mo E A2

hund lj sp hj fourth | h110 | disc pv jav | r1500
MHAE hund .675 613 .313 .397 513 .465 .242 .262 .109 | -.061
2l lj .613 .623 431 453 .529 .483 .348 .329 .209 .100
sp .313 431 .848 .391 .158 .408 .686 314 A24 1 -.094
hj .397 453 .391 .363 .388 .359 .323 .281 .219 179
fourth 513 .529 .158 .388 .575 .378 137 .290 112 .336
h110 465 483 .408 .359 .378 .385 .329 .262 .196 .037
disc .242 .348 .686 .323 137 .329 .557 .263 .352 | -.038
pv .262 .329 314 .281 .290 .262 .263 .226 .190 197
jav .109 .209 424 .219 112 196 .352 .190 .245 107
r1500 | -.061 .100 | -.094 179 .336 .087 | -.038 197 107 .808
& X b hund -.023 .037 | -.057 17 | -.065 .038 | -.062 .001 | -.009
lj -.023 -.0M1 .0567 | -.039 .087 | -.038 .031 .001 | -.010
sp .037 | -.011 -.0M .032 | -.048 .044 | -.074 .016 .014
hj -.057 .057 | -.011 -.098 .101 | -.053 .109 | -.049 .001
fourth 17 | -.039 .032 | -.098 -.038 .033 | -.060 .018 .054
h110 -.065 .037 | -.048 .101 | -.038 -.009 .068 | -.016 | -.037
disc .038 | -.038 .044 | -.053 .033 | -.009 -.023 | -.012 .018
pv -.062 .031 | -.074 .109 | -.060 .068 | -.023 .050 | -.027
jav .001 .001 .016 | -.049 .018 | -.016 | -.012 .050 -.007

r1500 | -.009 | -.010 .014 .001 .054 | -.037 .018 | -.027 | -.007

RMSR = \/4—15 ((-.023)2 +.037% +---+ (-.007)® =.048

maty S HeEE ®0|: YLk

ORI, @l THAHZEOA EOiZk0l 0.058 H§= /K4S
(=13/45)01 E5to] O|2H H{ZO| ESICHE W 7hel 22
ULF.

56



Exploratory Factor Analysis

2991 235 (PAF) 38901 23 (PAF)
KMO 2 Bartlett & 23 KMO 2 Bartlett 2| 23H
HEgd 249 729 HEgd 249 729
Kaiser—Meyer—0lkin Kaiser—Meyer—0Olkin
Bartlett 21 2 Al 833.608 Bartlett 21 2 At 833.608
e84 It0I M= e84 oINS
RS AT 45 RS = 45
=1 .000 molEtE .000
o sH® o sH°
29l 9l
1 2 1 2 3
hund .648 .069 hund .893 -.130 -.225
lj .698 .158 lj .736 104 -.015
sp -.097 .997 sp .031 .897 -.098
hj 478 .203 hj 418 .238 .130
fourth .839 -.199 fourth .732 -.157 244
h110 470 .230 h110 514 .185 -.046
disc -.051 .768 disc .009 .740 -.034
pv 347 .168 pv 247 245 .180
jav 015 432 jav -.056 509 135
r1500 334 -.208 r1500 -.025 029 904
01FE wY: =% Qolxs 01FS w¥: =% Qolxs
o|™ dbH: Kaiser Htzt7t S| HH: Kaiser @2t/ e Z2HA
A= Z2HA
29 Mduu 291 A
29l 1 2 20l 1 2 3
1 1.000 497 1 1.000 491 .186
2 497 1.000 2 491 1.000 -.031
QOIFE it Fx QO0IFE. 3 .186 -.031 1.000
oI W Kaiser et} QoIFEE WY FH QFE
U= T2HA 3™ 2 Kaiser st Ye ZZHA

KMO(Kaiser-Meyer-Olkin) £7dX|= HQl 40| 22 A7} C}2 tHeloj 2l oLt & 4
El=7te Hr 52 ‘B9 HEE'S LiE = =X[o|C}t. o] =X|7} Z2H 9

a0l Mol =
gle Hoz
Bartlett 74 AWK = QQUEMBHO X
Yol 7S ABSH7| itk FEX|o|ct F7MES 7|Zolof QARMBHE AlEE
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ULS
o sH°
29
1 2 3
hund .863 -.118 -.203
lj .750 .090 -.026
sp .029 .900 -.082
hj .438 222 110
fourth .738 -.161 .226
h110 .526 173 -.057
disc .008 744 -.023
pv .270 228 .153
jav -.043 .502 124
r1500 -.015 .035 1.006
oFE Y VISEA @2 EHaHE.
3|F g Kaiser 37 Y TRHA
ML
I sH°
29
1 2 3
hund 917 -.100 -.219
lj .670 .136 -.016
sp .054 .894 -.075
hj .358 .260 27
fourth .789 -.152 .261
h110 470 .182 -.073
disc .015 772 -.011
pv .233 .202 .136
jav -.037 .499 114
r1500 -.027 .046 1.005
olFE Y Al *&.
o|™ gt Kaiser HA3l7F Q= T2 HA,

Exploratory Factor Analysis

GLS
L EES
29l
1 2 3
hund .921 -.094 -.218
lj .689 123 -.016
sp .033 .946 -.066
hj .384 242 125
fourth .785 -.143 .264
h110 497 154 -.075
disc .028 744 -.009
pv .258 .168 133
jav -.030 .485 15
r1500 -.030 .044 1.006
QOIFE W dbtst XAHE
| M i Kaiser M3t Y= Z2HA
ALPHA
o sa°
29l
1 2 3
hund 913 -.158 -.243
lj .746 .100 .009
sp .012 .904 -.145
hj 428 .229 .166
fourth .678 -.147 224
h110 .521 195 -.015
disc .015 .705 -.062
pv 215 .291 .235
jav -.088 .526 150
r1500 -.018 -.011 .804
QOIXS Y YT RI%E.
3| M dHH: Kaiser M 37 Qs Z2HA,
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Exploratory Factor Analysis

QO1F™40| FH (Estimating Factor Scores)

>

2™ 4=(principal component scores)q&H Q Ol

KF

SIC}.

L

(=}

= 7HX|

—

—

b o710 A

of Ar&dt= ZA0| 7t
Ct: Regression method & Bartlett's method.
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Exploratory Factor Analysis

v’ Bartlett's method (0] B2 Maximum Likelihood method =& Weighted

o
least squares method2t1 & EEIC})

Bartlett(1937)2 2 ZHEH4=9| unique factord] sjYsle 22| XF &
O X AT} E|=& 3IH 9|E3 A\l

Dol 4 QICHT RIOISHUCE CHE Wl B3t HEo 2k y
Zl QOIF 0] CHBF unbiased estimatesS AtZSICD LE{ YD

o
= ZO=dEo| 7|=5t0 QQEF=E ALSH| IfZ0|C
(Hershberger, 2005).
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FACTOR
/VARIABLES Al2|1 Alg2|2 Alg|3 AlE4 AME|s MEle AME|7 AMEls AME|9 AME|10 ME|11 AME12 AME[13 AME|14
AMa|1s ME|l1e ME[17 A2l1is ME|19
AMEl20 A2|21 ME|22
/MISSING LISTWISE
/ANALYSTIS M2l1 AME[2 M2|3 MEl4 ME|s MEle AME|7 Al2ls ME|o AM2l10 ME|11 AE|12 AME|13 Al2l14

Algj1s AElie Ala|17 Algjis A2l19

Al2|20 A2l21 AME|22
/PRINT INITIAL EXTRACTION
/PLOT EIGEN
/CRITERIA FACTORS (1) ITERATE (25)
/EXTRACTION ALPHA
/ROTATION NOROTATE
/SAVE REG (ALL)
/METHOD=CORRELATION.
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Exploratory Factor Analysis
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