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Note/Disclosure: Slides structure borrows from Kate Xu’s 
presentation titled “Multiple group measurement 
invariance analysis in Lavaan” available at this link

https://users.ugent.be/~yrosseel/lavaan/multiplegroup6Dec2012.pdf


Why (non) invariance

• In most regression (association) work we do 
we are interested in group differences in 
means/proportions etc…

• Assumption: is that measures are equivalent
• Problem: Measures are potentially different across 

groups of interest
• Most used measures/constructs created in 

largely non-diverse (non-Hispanic White) 
populations
• Testing group equivalence needed to 

ensure comparability of instruments before 
looking at mean differences

“…invariance evaluation is an important 
aspect of test development. If a test is 
intended to be administered in a 
heterogeneous population, it should be 
established…equivalent in subgroups of the 
population (e.g., gender, race). A test is said 
to be biased when some of its items do not 
measure the underlying construct 
comparably across groups.” Brown, T. 
(2015) Confirmatory Factor Analysis. 2nd

Edition. pp.3



Construct operationalization

Brown, T. (2015) Confirmatory Factor Analysis. 2nd Edition. pp.34



What and When (non) invariance

Applied scenarios:
• Instrument development
• Validation of existing instruments across samples (replication)
• Cross cultural work (test for different interpretation of Qs, 

understanding/difficulty of items, reactions, biases, etc…)
• Used in longitudinal work to test stability of constructs over time

“The degree to which instruments are invariant across use in different situations and 
with different groups” (Schmitt & Kuljanin, 2018)

“assessment [of whether an] instrument is operating in the same way and that the 
underlying construct has the same theoretical structure for each group.” (Dimitrov, 
2010)



How (non) invariance

• Through multiple group confirmatory models
• Test equivalence of constructs across groups of interest
• Test equality/inequality in measurement and structural parameters 

derived from a tested model
• Assessment approach done through sequential fitting of a hierarchy 

of conditions/constraints in nested models and comparison of 
absolute and relative fit. 

in fit in nested models is evidence for (non) invariance

Fit assessment based on several measures including:
χ2, Root Mean Square Error of Approximation (RMSEA), Comparative Fit 

Index (CFI), Tucker Lewis index (TLI), among others…



Which (non) invariance

• Measurement (non)invariance:
Model/Factor structure, Factor means 
(configural), factor loadings and means 
(loading), factor loadings and 
measurement intercepts (scalar), factor 
loadings, measurement intercept, and 
residual variances (strict).

• Structural (non)invariance: Factor 
variances, Factor Covariances, and SEM 
coefficients (when SEM is tested)

Parameters Group A:
Latent factor intercepts (fixed at 0): κ1, κ2
Factor loadings: λ2, λ3, λ4, λ6, λ7, λ8
Measurement variables intercepts: τ1 – τ8
Measurement variables errors var: δ1 – δ8

Latent factor variances: φ11, φ22
Latent factor covariances: φ12
Regression coefficients (when SEM): β (or λ)

=Equality Constraints

Parameters Group B:
Latent factor intercepts (fixed at 0): κ1, κ2
Factor loadings: λ2, λ3, λ4, λ6, λ7, λ8
Measurement variables intercepts: τ1 – τ8
Measurement variables errors var: δ1 – δ8

Latent factor variances: φ11, φ22
Latent factor covariances: φ12
Regression coefficients (when SEM): β (or λ)



Hypothetical CFA model – 2 constructs

Parameters:
Factor loadings (regression): λ2, λ3, λ4, λ6, λ7, λ8
Latent factor variances: φ11, φ22
Latent factor covariances: φ12
Latent factor intercepts (fixed at 0): κ1, κ2
Measurement variables intercepts: τ1 – τ8
Measurement variables errors: ε1 - ε1

Brown, T. (2015) Confirmatory Factor Analysis. 2nd Edition. pp.48
ξ1 and ξ2 are cognitive constructs (memory and 
executive function)
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Hypothetical CFA model – 2 constructs, 2 Groups

=Equality Constraints

Parameters:
Latent factor intercepts (fixed at 0): κ1, κ2
Factor loadings: λ2, λ3, λ4, λ6, λ7, λ8
Measurement variables intercepts: τ1 – τ8
Measurement variables errors: δ1 – δ8

Latent factor variances: φ11, φ22
Latent factor covariances: φ12

Parameters:
Latent factor intercepts (fixed at 0): κ1, κ2
Factor loadings: λ2, λ3, λ4, λ6, λ7, λ8
Measurement variables intercepts: τ1 – τ8
Measurement variables errors: δ1 – δ8

Latent factor variances: φ11, φ22
Latent factor covariances: φ12
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Not Covered

• The mechanics of testing for invariance
• Applied approaches to testing invariance
• What to do in cases of partial invariance
• What to do when you can’t show evidence for (non) invariance
• Criticisms of use invariance testing



References

(1) Xu (2012) Multiple group measurement invariance analysis in Lavaan. (Link)

(2) Dimitrov (2010) Testing for Factorial Invariance in the Context of Construct 
Validation. (Link)

(3) Sass, D.A., Schmitt, T.A. (2013). Testing Measurement and Structural Invariance. In: 
Teo, T. (eds) Handbook of Quantitative Methods for Educational Research. 
SensePublishers, Rotterdam. Chapter 15 in Handbook (Link)

(4) Brown (2015) Confirmatory Factor Analysis for Applied Research. 2nd Edition. See 
especially Chapter 7 (Link)

https://users.ugent.be/~yrosseel/lavaan/multiplegroup6Dec2012.pdf
https://doi.org/10.1177/0748175610373459
https://doi.org/10.1007/978-94-6209-404-8_15
https://www.guilford.com/books/Confirmatory-Factor-Analysis-for-Applied-Research/Timothy-Brown/9781462515363

