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Latent class analysis

• Identifying unobserved groups within a population

• Categorical data

• Part of finite mixture modelling

• Exploratory

• Latent refers to unobserved variables inferred from 
observed indicators

• In contrast to factor analysis, which attempts to group 
indicators together, LCA groups participants
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Latent class analysis

4

• Selecting the optimal number of latent classes remains a challenge

• There is no consensus on which fit index to use

• Among fit indices :
– AIC, 

– BIC, 

– saBIC,

– 𝜒2, 

– CAIC, 

– AIC3, 

– Lo-Mendell-Rubin, 

– Vuong-Lo-Mendell-Rubin,

– Bootstrap LRT

• With a care to group sizes and theoretical justification
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The fit index 

• Based on the properties of dichotomous variables

• Capitalizes on the recovery of the model implied covariance matrix, 𝐒 θ , 
from the response probabilities to measure its discrepancy with the sample 
covariance matrix 𝐒
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The fit index 

Based on the pattern 𝐗 where each row represents one of the 2𝐼 binary 𝐼-tuples

𝐗 =

𝑥1,1 ⋯ 𝑥1,𝐼
⋮ ⋱ ⋮

𝑥2𝐼,𝐼 ⋯ 𝑥2𝐼,𝐼

where 𝑥𝑖,𝑗 ∈ {0,1} ∀𝑖 ∈ 1,2,… , 2𝐼 , 𝑗 ∈ {1,2, … , 𝐼}, 𝐼 is the number of item, the pattern 
probabilities are

𝐏𝑖 = σ𝑘=1
𝐾 ς𝑗=1

𝐼 𝑝 𝑥𝑖,𝑗
(𝑘)

𝑐𝑘, 

where 𝐾 is the number of classes and 𝑐 is the class probability, we derived the implied 
covariance matrix

𝐒 θ = 𝐗𝐏 ′𝐗 −𝐌𝐌′, 

where 𝑴𝑗 = σ𝑖=1
2𝐼 𝑿𝑖,𝑗𝑷𝑖.
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The fit index 

probs <- x$probs
  if(is.null(nclass)) {nclass <- length(x$P)}
  n <- x$N
  for(k in 1:nclass){
    pr <- sapply(probs, function(x) x[k,], simplify = FALSE)
    it <- sapply(pr, function(x) 1:length(x), simplify = FALSE)
    egpr <- expand.grid(pr)
    egpr$pr <- apply(egpr, 1, prod) * x$P[k]
    if(k == 1){
      rez <- (cbind(expand.grid(it), pr = egpr$pr))
    } else {
      rez$pr <- rez$pr +  egpr$pr
    }
  }
  
  rez <- as.matrix(rez)
  nitem <- ncol(rez) 
  M <- as.matrix(colSums(rez[,-nitem] * rez[,nitem]))
  ES <- (t(rez[,-nitem] * rez[,nitem])) %*% rez[,-nitem] - M %*% t(M)
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Degrees of freedom

• Using the square difference of the Fisher transform of both covariance 
matrices, we derived a pseudo 𝜒𝑣

2 statistic

• Three degree of freedom tested :

𝑣 =
𝑝(𝑝−1)

2

𝑣 =
(𝑝 − 𝑘)((𝑝 − 𝑘) − 1)

2
− 𝑘

𝜒1
2 ~𝜒2 −

𝑝(𝑝 − 1)

2
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METHOD

2025-07-22 9



Simulations

• A Monte Carlo simulation was carried out to compare the accuracy, bias, 
and RMSE of three versions of this fit index with nine usual fit indices (AIC, 
BIC, saBIC, 𝜒2, CAIC, AIC3, Lo-Mendell-Rubin, Vuong-Lo-Mendell-Rubin, and 
the bootstrap LRT). 

• Sample size (n) : 100, 500, and 1000

• Number of items : 6 and 12

• Equal class sizes

• Class’ response probabilities = .8

• Each condition is repeated 500 times (blrt repeated 250 times) 
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RESULTS
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Results

• The simulation shows new among the three versions tested, two (dffa and -
66) had very good properties: less bias and more accurate than other 
indices. 

• The other one had very good accuracy but tended to narrowly miss the 
correct number of classes leading excessive over-extraction when it failed

• Overall, the new fit inex with dffa degree of freedom is promising 
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Conclusion

• Investigating the asymptotic properties of the underlying pseudo-𝜒2

distribution, improving the current criteria and extending the index for 
ordinal scales.

• More simluations are needed to investigate a further ranges of conditions
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Availability

Available in R

poLCAExtra package

with the function polca.cov()

Caron, P.-O. (2024). poLCAExtra : New and Convenient Functions for the 
Package ‘poLCA’. https://github.com/quantmeth/poLCAExtra
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