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Aim 1: Multidimensional 
Constructs 
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Kuperminzt, Ennis, Hamilton, Talbert, & Snow, 1995, Hamilton, 
Nussbaum, Kupermintz, Kerkhoven, & Snow, 1995 



Gaps in Practice 
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▪ Unidimensional IRT models continue to 
dominate the current practice in building 
mandatory state  assessments. 

▪ Gaussian Variational  Expectation   
Maximization (GVEM) algorithm  



Aim 2: DIF analysis 
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▪ Multidimensional constructs 
▪ Sampling weights 
▪ Multiple-group comparison 

▪ GVEM with covariates (GVEM-C)  



Two Aims  Together 
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VEMIRT Modules 

Models 
• Multidimensional  

1PL,  2PL,  3PL  
(within-item,  
between-item,  
multidimensional 
,  bi-factor,  
hierarchcial  
factor  structures 

Exploratory analysis 
• Parallel  analysis 
• Exploratory  item 

factory  analysis 
using  either  
rotation  or  
regularization  
methods 

Confirmatory  
analysis 

• Estimate item 
parameters 

(and  their  SE) 
• Estimate 

person’s θ 

DIF 
• Flag  DIF  items 

and  estiamte  
DIF  size 
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VEMIRT App 1.0  



 

 

 
 

 
 

 

VEMIRT 1.0 Functionalities 
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▪ Step 1. Identify the number 
of factors via parallel analysis 

https://uwpmetrics.shinyapps.io/ 
parallel_analysis/ 

▪ Step 2. Exploratory and  
confirmatory M2PL models 
• Exploratory: GVEM+Post-hoc rotation; 

GVEM+Lasso; GVEM+Adaptive Lasso • Confirmatory: GVEM 

https://uwpmetrics.shinyapps.io/m2pl 
/ 

▪ Step 2 (Alternative). 
Exploratory and 
confirmatory M3PL models
• Exploratory: Stochastic GVEM+Post-hoc 

rotation; SGVEM+Lasso; 
SGVEM+Adaptive Lasso • Confirmatory: SGVEM 

https://uwpmetrics.shinyapps.io/ 
m3pl/ 

▪ DIF analysis 

https://uwpmetrics.shinyapps.io/ 
RegDIF/ 

https://uwpmetrics.shinyapps.io/parallel_analysis/
https://uwpmetrics.shinyapps.io/m2pl/
https://uwpmetrics.shinyapps.io/m2pl/
https://uwpmetrics.shinyapps.io/m3pl/
https://uwpmetrics.shinyapps.io/RegDIF/


   

Some Algorithmic  Details 
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▪ GVEM 
▫ Super fast for M2PL 
▫ Stochastic version for M3PL (sGVEM) (Hoffman, Blei, Wang, 

& Paisley, 2013) 
■ At the (t+1)th iteration, choose a random subset  of sample 𝑆𝑡+1 
■ 1 , 𝜀 ෠

𝑡+1 𝑄𝑡 + 𝜀 𝑄෠𝑡+1 𝑡+1 ■ 𝜀𝑡+1 = (𝑡 + 1 + τ),𝒓 



 Some Algorithmic Details 
Cont. 
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▪ GVEM+C

▫ 𝑷 𝑢𝑖𝑗 = 1 𝜽𝑖, 𝑿𝑖 = 𝑇

1

■ 𝑿𝑖 1×𝑃: all grouping information related to DIF
■ (𝜷𝑗)𝑃×1: Uniform  DIF

■ (𝜸𝑗)𝑃×𝐾 : non-uniform DIF

▫ Regularization (Bauer  et  al., 2020, Belzak & Bauer, 2020; Magis et al., 2015, Tutz &

Schauberger, 2015)

, 𝑎 𝜽 +𝑑 + 𝑿 𝜸 +𝑋𝑖(𝑔) 𝑗 𝑖 𝑗 𝜽 𝜷
1+𝑒 𝑗 𝑖(𝑔) 𝑖 𝑗



Current Facts 
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▪ It m ay take <2.5
min  to load

▪ 5-dimensional
M2PL,  EFA or
CFA,  takes
around 1 min to
run (8G RAM)
▫ 75 items, 

2000 sample
size

▪ 3-dimensional
M3PL,  45 items, 
sample size 2000
▫ EFA:  around  5.5

min to complete

▪ Regularization could be
slow (may  take 30 min to
complete)
▫ We had  an adaptive

mechanism of choosing
tuning parameter
■ A warning message will be

provided if after  two 
rounds  of selecting a range
of tuning parameters
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Desktop project 

VEMIRT brief demo  



THANKS! 

Any questions?  
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