
Model Equation Link Function Class Varying
Parameters

FMM-1
Latent Class Factor Analysis

u*ik = Ληik + εik, 
ηik = αk

uij={0,1,ifτj<u∗ijifu∗ij≤τj α

FMM-2
Mixture Factor Analysis

u*ik = Ληik + εik, 
ηik = αk + ζik
ζik~N(0, Ψk)

uij={0,1,ifτj<u∗ijifu∗ij≤τj α, Ψ

FMM-3 u*ik = Ληik + εik, 
ηik = ζik

ζik~N(0, Ψk)

uij={0,1,ifτjk<u∗ijifu∗ij≤τjk Ψ, τ

FMM-4 u*ik = Λkηik + εik
ηik = ζik

ζik~N(0, Ψk)

uij={0,1,ifτjk<u∗ijifu∗ij≤τjk Ψ, τ, λ

where ui are individual i’s responses, which is a p vector of observed outcomes; u*i is individual i’s latent

response vector; j is one of the items in a p vector; Λ is a p × m matrix of factor loadings, where m is the 

number of factors; ηi is a m vector of factor scores; ε is p vector of residuals; α is a m vector of the means 

of the factors; ζi is a m vector of residuals which is assumed to be normally distributed with mean zero and

variance Ψ 

The first model – FMM-1 – is the latent class factor analytic (LCFA) model (Magidson & Vermunt, 2001).
In this model, the only parameter that changes across classes is the factor mean, which is indicated by the 

subscript k on α. The item thresholds and factor loadings are held invariant across classes, so that the 

latent entity is measured the same way across all classes. The factor covariance matrix, Ψ, is fixed at zero, 
indicating that there is no within-class heterogeneity in the latent entity.

The second model – FMM-2 – is called a mixture factor analysis (McDonald, 1967, 2003; Yung, 1997). 
The FMM-2 is similar to the FMM-1 except that instead of setting the factor variances and covariances to 
zero, they are now freely estimated in each of the classes. 

In the third model – FMM-3 – the factor loadings are invariant, while the item thresholds and factor 
covariance matrix are allowed to change across classes. Also, the factor mean is set to zero for 
identification purposes and so does not appear in the equations in Table 1. The factor mean is set to zero in
the remaining model variations. In this model, the classes are based on the responses to indicator items 
rather than the factor means and variances (in contrast to FMM-1 and FMM-2). So, FMM-3 is appropriate 
in cases where differences between individuals arise from differences among the responses to the items 
rather than differences on the factor. In FMM-3, the factor covariance matrix is freely estimated in each 
class. Having a different factor covariance matrix for each class implies that there are different amounts of 
heterogeneity within each class. For example, a class that has low probabilities of endorsing any symptom 
of a disease might have little or no variance because individuals have few symptoms, while a class with 
high probabilities of endorsing any symptom of a disease might have more variation because individuals 
might have a greater range of symptoms and impairment. 

 The fourth model, FMM-4, is the least restrictive model. The item thresholds, factor loadings and factor 

covariance matrix are all allowed to vary across classes. Because all of the measurement parameters are 
freely varying across classes, the factor in the model may not be measured the same way across classes. 
That is, there is a potentially different factor within each class. FMM-4 is appropriate for situations where 

there are distinct subpopulations of individuals that have different interpretations of the factor. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3844130/#R12
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3844130/table/T1/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3844130/#R29
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3844130/#R15
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3844130/#R14

