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Research Motivation

Diagnostic classification models (DCMs) have been proposed in 

recent years as powerful statistical tools for providing fine 

grained feedback about multiple skills of learners.

The success of applying these models rests on having 

appropriately designed diagnostic assessments at hand that 

contain  a sufficient number of items to index each skill.
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Research Motivation

However, few empirical examples exist that illustrate how DCMs 

can provide an added value over alternative multidimensional 

calibrations of assessment data in these contexts.

Moreover, studies that employ DCMs rarely seek to cross-validate

the resulting skill profiles with secondary variables.

Hence, practitioners have few guidelines and case studies for 

learning about the benefits and limitations of DCMs viz-à-viz 

scaling alternatives.
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Research Questions

1. Can pilot data from a newly developed diagnostic assessment for 

arithmetic ability in elementary school be successfully scaled with 

DCMs?

2. How do the model fit and the resulting parameter interpretations differ 

across the best-fitting DCM and the best-fitting traditional 

multidimensional scaling model?

3. What lessons can be learned from these analyses about the suitability 

of the design of the diagnostic assessment and the benefits and 

limitations of DCMs and alternative scaling models?



Diagnostic Classification Models
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Properties of DCMs

Diagnostic classification models…

are restricted latent class models

are multidimensional latent variable models with discrete  

latent variables

provide classifications of learners according to multiple skills

are designed to handle within-item multidimensionality 

efficiently

include compensatory and non-compensatory interactions of 

latent variables
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Properties of DCMs

Diagnostic classification models…

can handle dichotomous and polytomous response variables

can be estimated with frequentist and Bayesian approaches

can handle observed and latent mixtures

can handle nested data structures

are currently being unified under log-linear estimation 

frameworks
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Illustration of DCMs
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Two-dimensional DCM with Complex Loading Structure 
(Confirmatory)
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Two-dimensional CFA Model with Simple Loading Structure 
(Exploratory or confirmatory)
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Test & Data-collection Design
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Data-collection Design

Sample

n = 241 children in grade 3 

n = 223 children in grade 4 

All children were selected from the same k = 6 schools located in the 

federal states of Germany that were part of a network of schools

participating in several large-scale assessment studies

Test Administration

Standardized instructions

Trained test administrators (trained graduate students)

Total testing time = 90 mins. (2 school periods) with a 10-minute break
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Test Design (Part I)

# Items

A) Basic Arithmetic Skills

1. Addition 14

2. Subtraction 14

3. Multiplication 12

4. Division 12

5. Combined Skills 20

B) Basic Processing Skills

1. Knowledge of the decimal system 14

2. Ability to perform carry-over operations 20

3. Ability to perform inverse operations 50

4. Knowledge of the number space over 100 29

C) Modelling Skills (for Contextualized Problems) 39
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Sample Items (Context-free)
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Sample Item (Contextualized)
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Test Design (Part II)

20

20

22

22

Total

7180Division

6180Multiplication

71410Subtraction

101610Addition

Number SpaceInverseCarry-over

Context-free / Basic Arithmetic Items
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Statistical Modelling Approach

1. Model on global arithmetic ability (context-free items; IRT)

2. Model on global arithmetic ability (contextualized items; IRT)

3. Model on basic arithmetic skills (context-free items; IRT & DCM)
(addition, subtraction, multiplication, division)

4. Model on basic arithmetic skills (contextualized items; IRT & DCM)
(addition, subtraction, multiplication, division)

5. Higher-order model (context-free items; IRT, & DCM)
(arithmetic ability + addition, subtraction, multiplication, division)

6. Higher-order model (contextualized items; IRT, & DCM)
(modelling ability + addition, subtraction, multiplication, division)

7. Model on processing skills (context-free items; IRT & DCM)
(addition, subtraction, carry-over, inverse, number space)

Compare calibrations across grades to separate calibrations for grades 3 and 4.



DCM Results
(General Diagnostic Rasch-type Model)
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Scale Information

DCM Results
(General Diagnostic Rasch-type Model)
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Skill Information



Presented at the annual meeting of the Psychometric Society (IMPS) in Durham, NH, June 29 – July 2, 2008

Fit Information



IRT Results
Multidimensional Rasch Model
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Scale Information

IRT Results
Multidimensional Rasch Model
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Fit Information
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Consistency of Scaling

Consistency of Results between DCM 
& Multidimensional Rasch Model
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Consistency of Scaling

Correlations with School Grades in Mathematics for 
Grade 3 (N = 216) and Grade 4 (N = 188)
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Conclusions

Conclusions

• Careful test design paid off reasonably well for these analyses

• Multidimensional scaling at least moderately successful with IRT 
models and DCMs

• Moderate consistency between IRT estimates and DCM estimates

• Empirical separation of addition / subtraction and multiplication 
/ division challenging with current items and models

• Additional fine-tuning of analyses will likely lead to lower-level 
scaling for diagnostic feedback about sets of arithmetic skills 
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Outlook

Outlook

• Replication with a larger sample size from field trial

• Finer look at local model misfit with subsequent model 
refinement

• Additional comparisons of higher-order IRT models, SEMs, and 
DCMs

• Additional comparisons of multi-level IRT models and DCMs

• Cross-validation of  from the person parameters in IRT models, 
SEMs, and skill profiles in DCMs via secondary measures
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CFA Model Comparisons
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Test Design (Part III)
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