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Introduction-Measurement Theory

« Measurement theory (ip| & 12.%)
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Example: SF-36
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Introduction-Factor Analysis
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— e %R B2 g B #aErE (Var-Cov matrix)
— 4p B % cae L (correlation matrix)

— #F #c i (eigen value)
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11.474 9.086
9.086 12.086
6.383 5.938
2.071 0.544
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a1 COVyz CO¥g -

w'ﬁ RN

COViy COVay 0o

6.383
5.938
11.090
1.791

R E P~ H R E PHIE (Var-Cov matrix)

2.071
0.544
1.791
3.694

g TE‘F%’%EJI'%@J'Z‘FQI@ (correlation matrix)

1.00000000  0.53804443 —0.06968107 L puy Pa:
0.53804443 1.00000000  —0.02669082 | =1 pya 1 py
—0.06968107 —0.02669082  1.00000000 Prz Pay 1
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IRE PR RER
Given nine metric variable ...
)& Xo X3 X4 X5 X5 X< Xs Xq
X; 1.00 0.80 0.70 095 0.01 020 0.18 0.16 0.03
X5 1.00 063 0.75 0.08 0.11 0.13 0.04 0.09
X 1.00 084 0.02 0.12 0.07 0.15 0.05
X, 1.00 0.01 0.11 0.06 0.02 0.13
Xs 1.00 093 0.02 0.05 0.03
Xe 1.00 0.11 0.09 0.02
X 1.00 0.95 0.90
Xsg 1.00 093
X 1.00
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Variables 1, 2, 3 & 4 correlate highly with each other,
but not with the rest of the variables.

Variables 5 & 6 correlate highly with each other, but
not with the rest of the variables.

Variables 7, 8, & 9 correlate highly with each other, but
not with the rest of the variables.
SR ISR (i TN N 2t i
— The nine varlables seem to be measuring 3 "things" or
underlying factors.
— Q: What are these three factors?

— Q To what extent does each variable measure each of
these three factors?

E)l SRR NS (SR S

’»’ﬂj%zr : SF-36 > 7 364% » ix4x %100+
T el F - kg s R = - 1B 36 x36:74p B it e
Kﬁt(correlatlon matrix) - 100 f EAE A AN BT Gp
d B g * 3] o
Q’Kﬁ't B P4k A B G $HAp B ]«ggwimaz;i M3 B o P an e
,J,. ’ f'fr%iﬂ\ﬁ'{'\ '/ ’ ,}*E»K_é'_%] ﬁé T_ — L *iﬂ&g{;g—’\ ’ ’;
- I]; - IEF I}Q —FF’K_é'_x% %%Lo
Tabachnick and Fidell (2001, page 588) cite Comrey and
Lee's (1992) advise regarding sample size: 50 cases is very
poor, 100 is poor, 200 is fair, 300 is good, 500 is very good,
and 1000 or more is excellent.
As a rule of thumb, a bare minimum of 10 observations per
variable is necessary to avoid computational difficulties.




Sample size in Factor Analysis

Rule of 100: Gorsuch (1983) and Kline (1979, p. 40) recommanded at least 100 (MacCallum,
Widaman, Zhang & Hong, 1999). No sample should be less than 100 even though the number
of variables is less than 20 (Gorsuch, 1974, p. 333; in Arrindell & van der Ende, 1985, p. 166);
Hatcher (1994) recommanded that the number of subjects should be the larger of 5 times
the number of variables, or 100. Even more subjects are needed when communalities are
low and/or few variables load on each factor (in David Garson, 2008).

Rule of 150: Hutcheson and Sofroniou (1999) recommends at least 150 - 300 cases, more
toward the 150 end when there are a few highly correlated variables, as would be the case
when collapsing highly multicollinear variables (in David Garson, 2008).

Rule of 200. Guilford (1954, p. 533) suggested that N should be at least 200 cases (in
MacCallum, Widaman, Zhang & Hong, 1999, p84; in Arrindell & van der Ende, 1985; p. 166).
Rule of 250. Cattell (1978) claimed the minimum desirable N to be 250 (in MacCallum,
Widaman, Zhang & Hong, 1999, p84).

Rule of 300. There should be at least 300 cases (Noru?is, 2005: 400, in David Garson, 2008).
Significance rule. Lawley and Maxwell (1971) suggested 51 more cases than the number of
variables, to support chi-square testing (in David Garson, 2008).

Rule of 500. Comrey and Lee (1992) thought that 100 = poor, 200 = fair, 300 = good, 500 =
very good, 1,000 or more = excellent They urged researchers to obtain samples of 500 or
more observations whenever possible (in MacCallum, Widaman, Zhang & Hong, 1999, p84).

Conceptual FA and PCA

11 12 13 11 12 13
FldAdraes F - BAFES AR A AL S BRI T
B % i gk K% 4 (underlying e L T Sz

concept, £ fzcommon factors)+
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« Factor analysis is totally dependent on
correlations between variables.

« Factor analysis summarizes correlation

structure
VeV VieoooVy , F,...F
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Correlation Factor
: Matrix Matrix
()11

) Implications for assumptions about X'’s?
Data Matrix P J P
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Where did the results come from?

Based on the basic “Classical Test Theory Idea”:

For a case with just one factor:

Ideal: X;=F+e; var(e;) = var(e,) , j# k
X,=F+e,
ei= R Rk
X, =F+e, s
Reality: X;=MF+e; var(e) # var(e,) , j # k
X, =MF+e,

Xm=kmF+em

(unequal “sensitivity” to change in factor)
(Related to Item Response Theory (IRT))

Multi-Factor Models

R L SR B 2GR g R L S R L Y
R [FICEE FW@I % (orthogonal) > [E5kL - HHET IR
e Two factor orthogonal model
e ORTHOGONAL = INDEPENDENT
 Example: cohesion has two domains
X; =M Fi+A,LF, +e;

X, =M F  +AF, + e,

X1 = MpaFy + AppF, +egy

e More generally, m factors, n observed variables
X{= A Fy+ AR+ 4+ A Fo e
Xy = AyiFy + Ao+t Ay F i + €5

X,=AF+ knze - AmFo + €,




= FlEH3
S FRRIAIBRYEH &
i .,_9‘?*,3’1‘4\:1”1%
ML A > FE P FE
(common factor; f1£2£2) »
Y- B REATHT
= A& > b3 ¥ % (unique
factor; &i) °
f122 f2%+x1, x2, x3, x42_ %
Wo- T ET A LRI R
¥1% § J= (factor loading) TpgegRr

+I 3. BBlETI(Rotating Factors)

F1
4
Factor 1 Factor 2 Factor 1 Factor 2
x1 0.5 0.5 x1 0O 0.6
x2 0.8 0.8 x2 0 0.9
x3 -0.7 0.7 x3 -0.9 0

x4 -0.5 -0.5 x4 0 -0.9
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Component Matrix?® Rotated Component Matrix?

Component Component
1 2 1 2
M 675 557 M 139 .864
P 718 447 P 244 810
C 683 418 C 236 .765
E .793 -410 E .866 216
H 174 -.461 H .886 166
F .838 -.359 F .866 284
Extraction Method: Extraction Method:
Principal Component Principal Component
Analysis. Analysis.
Rotation Method:
a. 2 components Varimax with Kaiser
extracted. Normalization.

a. Rotation converged in
3 iterations.

+ =r{H (eigenvalue)

EVRALFERVES &2 A (A)RYES & o F1 7 [n|(eigenvector)
A1l (eigenvalue)

If A'is an nXn matrix, a real number A is called an
eigenvalue of A if

Ap=Ap

The nonzero vector p is called an eigenvector of A
corresponding toA.

Eigenvalues and eigenvectors are often called
characteristic values and characteristic vectors,
respectively.




e~ AT e B2 e (ke £,
eigenvector) - F_in T AL T A 4 Hdp B TR
BoE ol 5 ek o (g (eigenvalue) g
R4 433 B 2 o b oendk B2(projection) 4
X0 BT FH - JILQPP,L 22l R 1%'5']
b FEREREPHE>L R4 F R E

o Bkt ] HEPE<L A EFATHE

N
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Kaiser-Meyer-Olkin Measure of
Sampling Adequacy

Kaiser-Meyer-Olkin Test (KMO) Interpretation of the KMO as

A second indicator of the strength of the relationship among items characterised by Kaiser. leyer &

) _ . s ; : Olkin (1974)
is the partial correlation coefficient. These partial correlations represent
the correlations between each pair of items after removing the linear KMO Value Degree of Common
effects of all other items. The Kaiser-Mever-Olkin test (KMO) is a mea- Variance
sure of sampling adequacy that compares the magnitudes of the calcu- 0.90 +o 100 Marvelous
lated correlation coefficients to the magnitudes of the partial 0.80 10 0.89 Meritorious
. . . . s 0.70 10 0.73 Middling
correlation coefficients and takes the following form: 0.60 +0.0.60 -
0.50 to 0.5 Miserable
Z (l‘.'[)rn?l'ﬂ“ml:;]: 0.00 to 0.49 Don't Factor

KMO =

3 (correlations)? + ¥_ (partial correlations)®

¥ ¢t > Bartlett’sz 254 2% ( Bartlett'stest of sphericity ) :
Bartlett lj{qf‘gﬁﬁ ’ %‘gﬁ% v £ & *Q*EM:{EKE-E&’); #F’ﬂ%ﬁﬁ_’
FEEFFRAA -
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Thank you for your attention!!
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