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Talk Overview

• Introduction of the log-linear cognitive diagnosis 
model (LCDM)

• Description of Mplus
– Capabilities Mplus for LCDM estimation

• Brief overview of syntax
– Introduction of SAS macro 

• Write, run, parse Mplus output

• Example analysis and results
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THE LOG-LINEAR COGNITIVE 
DIAGNOSIS MODEL
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Log-linear Cognitive Diagnosis Model

• The LCDM specifies the probability of  a correct response as a 
function of a set of attributes and a Q-matrix:

• For an item, the LCDM has ANOVA-like parameters:
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LDCM Structural Model: 
Attribute Association

• The LCDM assumes attributes are distributed as 
multivariate Bernoulli
– Estimate the probability of each attribute pattern in a sample
– Incorporates the marginal frequency for each attribute and 

attribute correlation
– For K attributes, 2K - 1 parameters are estimated

• Reduced forms of the parameter space are often used
– Log-linear structural model (Henson & Templin, 2005; Xu and 

von Davier, 2007)

• Mplus will estimate full and log-linear structural models
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MPLUS ESTIMATION
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The Mplus Statistical Package

• Mplus provides a general latent variable modeling 
framework that allows for combinations of:
– Continuous or categorical latent variables (i.e. IRT or DCM)

– Continuous, categorical, count, nominal or censored data

• Mplus is commercial software that is available without 
any research restrictions
– DCM estimation requires base package + combination add-

on

– $350 (student); $895 (academic); $1,095 (non academic)

– Available at http://www.statmodel.com

7

http://www.statmodel.com/


DCMs Able to Be Estimated via Mplus

• Although the LCDM is the main topic of this presentation, 
many DCMs can be estimated with Mplus:

– LCDM

– DINA 
– NIDA
– RUM
– DINO
– NIDO
– C-RUM

– GDM
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Freeware program (CDM) available to 

aid in Mplus syntax building (contact me)

Implemented with SAS Macro 

Easy modification to Mplus syntax 



Key Mplus Syntax Features

• Estimation of LCDM enacted in specification of 
two Mplus syntax sections:

• Model 
– Defines sum of LCDM and attribute parameters

• Model Constraint 
– NEW command specifies LCDM parameters

• Specify item parameters (i.e., intercepts, main effects, etc…)

• Specify log-linear structural parameters (of any order)
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Model Command Syntax

• For each attribute pattern 
and item, value of a 
threshold is given
– Threshold represents one-

minus the sum of the LCDM 
parameters

– Each threshold gets a label
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• Code is very lengthy and tedious to construct by hand
 Done via SAS Macro

 Code sample shown for 3 attribute (8 class) model



Model Constraint Item Syntax
• NEW command 

defines LCDM item 
parameters

• Threshold values are 
then set to LCDM-
specified values for 
item parameters

– Based on Q-matrix

11



Model Constraint Structural Syntax

• The structural model is 
optional.
– Default: saturated model

• Log-linear syntax shown
– Saturated model

• Lower-order structural 
achieved by deleting 
parameters from model
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Data Size and Estimation Timing

• Mplus uses marginal maximum likelihood for 
estimation 
– Accelerated E-M algorithm

• Combines EM, Quasi-Newton, and Fisher Scoring (for continuous 
LV)

• Size of model limited by memory capacity of machine
– Mplus 64-bit versions have virtually limitless capacity

• Estimation time can be an issue
– More than 6 attributes can take hours

• Can be much faster for simpler DCMs (constraints slow estimation)
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SAS MACRO 
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Aiding Mplus Estimation: SAS Macro

• Mplus syntax is tedious to construct
– Human errors can occur very easily

• We developed a SAS macro to aid in Mplus estimation

• The macro:
– Creates Mplus syntax
– Calls Mplus to estimate model parameters
– Parses Mplus output into SAS data sets

• Available to anyone without restrictions (contact me)
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SAS Macro Syntax
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DCM ESTIMATION OUTPUT 
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LCDM Item Parameters
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In Mplus

In SAS



LCDM Structural Parameters
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In Mplus

Saturated 

Model

Log-Linear 

Model

Pattern 

Proportions



LCDM Examinee Parameters
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In SAS

Attribute Pattern

Probability Estimates 

(from Mplus)

Marginal Attribute 

Probability Estimates 

(computed in SAS)



ADDITIONAL FEATURES
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Additional Mplus Features for DCMs

• Mplus also features a set of other features that will aid 
in estimation of DCMs across virtually any 
psychometric context:
– Monte Carlo simulation of examinees
– Data types: Continuous, categorical, count, nominal, 

censored
– Missing data: by design, at random
– Sampling weights
– Multiple group estimation
– Stratification variables
– Modeling covariate relations to attributes and structural 

models
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Hybrid-Type Models

• Mplus syntax can easily be modified to include continuous 
latent variables with DCMs
– Hybrid models

– General diagnostic model

– Mixture Rasch models

• Unlike the DCM syntax which is tedious, hybrid models take 
very few lines of code
– Displayed for Bifactor DCM (Henson, Templin, & Willse, 2009)
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FUTURE IMPLEMENTATIONS 
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Future Directions of Mplus Macros

• Mplus macro syntax will be adapted to better 
incorporate all features of the Mplus package into 
an easy interface

• Additionally, the ability to conduct simulation 
studies will be included

• For any questions or requests for software, 
please contact me at jtemplin@uga.edu
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