
PSY 9556B (Jan 29) Longitudinal Measurement/Factorial Invariance 

1. Configural invariance (identical factorial structures) 

2. Weak invariance (identical indicator loadings) 

3. Strong invariance (identical indicator intercepts) 

4. Strict invariance (identical indicator residuals) 

 

Means of the latent variables 

Variances of the latent variables 

Covariances (or correlations) of the latent variables 
 



Why  Measurement Invariance is Needed 

Consider the relation between a latent variable and one of its indicator variable 
 
This relation could be expressed as a regression equation in which we predict 
the indicator variable score from the latent variable score. 
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Person (i)’s value on indicator (j) 

Intercept (Person (i)’s value on indicator (j) when latent mean = 0 

Loading (regression coefficient/slope)  

Person (i)’s value on Latent variable 1   

Residual   

Residual part consisting of systematic variance  

Residual part consisting of random fluctuations/unreliability   



Why  Measurement Invariance is Needed 
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Configural Invariance 

χ2
(15) = 55.002, p < .001 

CFI = .976 
TLI = .955 
RMSEA = .080 (CI=.058 .104) 

6.34 6.09 5.81 7.50 6.60 6.10 6.04 7.36 

M = 0.00 M = 0.00 



Weak (Loadings) Invariance 

χ2
(18) = 61.290, p < .001 

∆χ2
(3) = 6.288, n.s. 

CFI = .974 
∆CFI = .002 pass 
TLI = .959 
RMSEA = .076 (CI=.056 .098) 

6.34 6.09 5.81 7.50 6.60 6.10 6.04 7.36 

M=0.00 
M=0.00 



Strong (Intercepts) Invariance 

χ2
(21) = 79.104, p < .001 

∆χ2
(3) = 17.814, p < .001 

CFI = .965 
∆CFI = .009 pass 
TLI = .953 
RMSEA = .082 (CI=.063 .102) 

Although the test passes based on CFI 
<= .010, I am going to fail it given that 
it is close to the cutoff and I want an 
example to show you how to deal 
with partial invariance. So let’s 
assume that the test failed. 



Strong (Intercepts) Invariance 

Discuss the implication on latent means 



Strong (Intercepts) Invariance 

Given that the model failed the invariance of the intercepts test, we need to  
identify which intercept(s) are causing the test to fail 
 
I will look at the modification indices and see if I should relax one constraint 
 
 
 



Strong (Intercepts) Partial Invariance 

I will run the model constraining the intercepts with the exception of  
w1enjun and w2enjun and repeat the nested chi-square and CFI difference tests 
 
 (earlier test) 

χ2
(21) = 79.104, p < .001 

∆χ2
(3) = 17.814, p < .001 

CFI = .965 
∆CFI = .009 pass (but I failed it) 
TLI = .953 
RMSEA = .082 (CI=.063 .102) 

χ2
(20) = 69.035, p < .001 

∆χ2
(2) = 7.745, p < .05 

CFI = .970 
∆CFI = .004 pass – partial inv 
TLI = .958 
RMSEA = .077 (CI=.058 .097) 



Strong (Intercepts) Partial Invariance 

I accept the model with partial invariance in the intercepts  
 
 



Test of Latent Means 

χ2
(21) = 73.121, p < .001 

∆χ2
(1) = 4.086, p < .05 

CFI = .968 
∆CFI = .002 
TLI = .958 
RMSEA = .078 (CI=.059 .097) 

What would you conclude about the latent means? 



Strict (Residuals) Invariance  

Let’s go back to the partial invariance model before constraining the latent 
means and add equality constraints to the indicator residuals across time 

χ2
(24) = 81.250, p < .001 

∆χ2
(4) = 12.215, p < .05 

CFI = .965 
∆CFI = .005 pass 
TLI = .960 
RMSEA = .076 (CI=.058 .095) 



Strict (Residuals) Invariance  



Are the Latent Variances Different?  

χ2
(25) = 81.286, p < .001 

∆χ2
(1) = 0.036, n.s. 

CFI = .966 
∆CFI = +.001 pass 
TLI = .962 
RMSEA = .074 (CI=.058 .095) 

univx1 (13) 
univx2 (13); 



Null Model According to Little  



Null Model According to Little  

χ2
(21) = 79.104, p < .001 

∆χ2
(3) = 17.814, p < .001 

CFI = .965 
∆CFI = .009 pass (but I failed it) 
TLI = .953 
RMSEA = .082 (CI=.063 .102) 

Calculating new CFI  
Null χ2

(36)  =1687.439 

Earlier tests based on conventional CFI 
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Configural Invariance with Effect Coded Scaling   

χ2
(15) = 55.002, p < .001 

CFI = .976 
TLI = .955 
RMSEA = .080 (CI=.058 .104) 

(note that the remaining slides repeat the earlier analyses with Little’s method of scaling) 



Configural Invariance with Effect Coded Scaling   



Weak (Loadings) Invariance with Effect Coded Scaling   

χ2
(18) = 61.290, p < .001 

∆χ2
(3) = 6.288, n.s. 

CFI = .974 
∆CFI = .002 pass 
TLI = .959 
RMSEA = .076 (CI=.056 .098) 



Weak (Loadings) Invariance with Effect Coded Scaling   



Strong (Intercepts) Invariance with Effect Coded Scaling   

χ2
(21) = 79.104, p < .001 

∆χ2
(3) = 17.814, p < .001 

CFI = .965 
∆CFI = .021 fail 
TLI = .953 
RMSEA = .082 (CI=.063 .102) 



Strong (Intercepts) Invariance with Effect Coded Scaling   



Strong (Intercepts) Partial Invariance with Effect Coded Scaling   

χ2
(20) = 69.035, p < .001 

∆χ2
(2) = 7.745, p < .05 

CFI = .970 
∆CFI = .004 pass – partial inv 
TLI = .958 
RMSEA = .077 (CI=.058 .097) 



Strong (Intercepts) Partial Invariance with Effect Coded Scaling   



Test of Latent Means   

χ2
(21) = 73.121, p < .001 

∆χ2
(1) = 4.086, p < .05 

CFI = .968 
∆CFI = .002 
TLI = .958 
RMSEA = .078 (CI=.059 .097) 
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