Mx PRACTICAL.:
Measurement of complex traits

Factor Analysis
&
Measurement Invariance



Phenotypic common factor model

One Group: Full Model
-

L I—21 T Ty P [1]

Tll T22 T33 T44

Means M:
Covariance L*P*L"+T;



Phenotypic common factor model

Multigroup: Full Model (M1)
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Mx matrices: Full model

Reference Group: males

Comparison Group: Females

—
ﬁl_ lﬁl_ EI_ —

eans

M3
ovariance L*P*L"+T;

> 1]

1 T,

BI_ —
—
B_i

P[]

—
=
o

—
jg_l

B~
e
|

b [d] =[o]

M [Ml M2 M3 M4]

Means M+(L*D)";
Covaritance L*P*L"+T;




Phenotypic common factor model

Multigroup: Full Model (M1)
Open: FACTORMI4.mXx

Unstandardized estimates Males: Unstandardized estimates Females:
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38 18 29 52 .40 .20 31 .49

FIT STATISTICS: -2LL =9227.349 , DF = 3976 (np=24)




Phenotypic common factor model

Metric Invariance (M2)
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Phenotypic common factor model

Strong Factorial Invariance (M3)

Reference Group: males Comparison Group: Females



Phenotypic common factor model

Mean differences due to latent facto? (M4)
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Phenotypic common factor model

Strict Factorial Invariance (M5)

Reference Group: males Comparison Group: Females



Mx Option Multiple: Testing Ml

I M2_.METRIC INVARIANCE: Constrain factor
loadings accross males and females
eqL111L211

eqL121L221
eqL131L231
eqgL141L241
End

I M3.STRONG FACTORIAL INVARIANCE: Constrain
the Intercepts to be equal for males and
females
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Mx Option Multiple: Testing Ml

1 M4: All difference due to the latent factor?
FREE D 2 1 1

ST 0.5 D211

END

I M5: STRICT FACTORIAL INVARIANCE: Constraln
residuals accross males and females
EQT111T21
EQT122T2
EQ T 133T2
EQT144T 2
END
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Practical: FACTORMI4.mx

2LL DF CTM AX? A DF p
M1.Full
Model 0227.349 3976
M2.Metric |
Invariance
M3.Strong )
Invariance
M4. d free 3 (inv)
M5.Strict 4
Invariance
1. Can we assume Metric invariance, Strong factorial
Invariance or Strict Factorial Invariance?
2. 1s there a mean difference? Is i1t due to the latent

factor?




Practical: FACTORMI4.mx

2LL DF CTM AX? | ADF| p
M1.Full

o 9227349 | 3976

M2.Metric | 9229206 | 3980 1 1.947 4 |0.746
Invariance

M3.Strong 0386.193 | 3984 2 156.897 |4 <.001
Invariance

MA4. d free 9379.239 | 3983 3 (inv) | 6.954 1 0.008
Mb.Strict 9380.706 | 3987 4 1.467 4 0.832

Invariance




Practical: sumscores

Mean & variance differences?
Open: sumscore4.mx

G1: Males
Data NInput_vars=6
REctangular file=sumscore4.dat
LABELS
V1V2 V3 V4 sex sum
Selectifsex=1;
Select sum;

Begin Matrices;

M full 1 nvar free IMean sumscore

V full nvar nvar free IVariance sumscore
End matrices;

stim1l1l
sti10vi1ll

Means M;
Covariance V:



Practical: sumscores

Mean & variance differences?

Option multiple issat
End

ITest variance differences in sumscores
eqvilliv211l
end

ITest mean differences in sumscores
egmllim211
end



Practical: sumscores

Mean & variance differences?

Open: sumscore4.mx 2 RUN & INTERPRET

-2LL DF CTM AX? A DF

1 Full Model

2 Equal
Variance

3 Equal
Mean




Practical: sumscores

Mean & variance differences?

2OLL DF CTM AX> | ADF| p
1 Full Model | 5307377 996
2 Equal 5308298 | 997 1 0.921 1 0.337
Variance
3 Equal 5346.675 | 998 2 38.377 1 <.001

Mean
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