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Frameworks for
Designing & Analyzing Assessments

. Continuous Framework - IRT -
- Single ability continuum /\
- Ordered values Less
- Conjoint scaling

More

- Discrete Framework - CDM

- Multiple binary skills
- Class membership

- Fixed item structure

- linked to theory m L
ess
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Measurement Models

IRT Framework

2PL
(Birenbaum, 1968)
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Model Fitting and Retrofitting

Continuous Discrete

Analysis Framework

IRT (Rasch, 2PL) Model CDM (DINA, NIDA)
Retrofitting

Model
Fitting

IRT-based test CDM-base test
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The Retrofitting Assumption

Models can extract diagnostic information
irrespective of the framework used in
constructing the assessment.
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Diagnosticity

The extent to which the underlying structure
of the data can be represented discretely.

Less structure More structure
More error Less error

Diagnosticity
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Manipulating diagnosticity

Less di agnost i C ‘

Ability
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Study Goal

Evaluate the validity of the retrofitting
assumption under different levels of
diagnosticity.

1. Generate comparable data from IRT & CDM
HESIS

2. Manipulate test diagnosticity

3. Fit and retrofit data with IRT & CDM models

4. Evaluate Model fit and Classification accuracy




Study Design

8 conditions:
2 x diagnosticity

2 x model match _ i
2 x framework Diagnosticity

100 data sets per condition _
Low High

Model IRT-2PL

Fitting CDM-DINA

IRT-DINA

CDM-2PL

Retrofitting

NCME 08

Challenges

- Different numerical representations
- continuous ability vs. discrete skills
- ordered values vs. semi-ordered classes
- 1 dimension vs. multiple

- Different types of model parameters
- Latent trait vs. latent class
- Difficulty & Discrimination vs. Guessing & Slip
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Study Assumption

The underlying ability has a
linear hierarchical structure

The mastery of each attribute is a
prerequisite to the mastery of the
next attribute

(Leighton, Gierl & Hunka, 2004)
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Comparable Item & Ability Structures
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Comparable Data sets

- Examinees
- N =5000, 6 ~N(0,1)
- Assign examinees to classes by cutpoints

- Items
- K =5 attributes, ] = 25 items
- Difficulties, bJ-, distributed around cutpoints
- Discriminations, a;, manipulate diagnosticity
- Convert 2PL parameters to (1-s) and g; using G-EMI:

>Average ICC response probabilities for masters & non
masters, weighted by examinee distribution

NCME 08 14

Converting ICC between frameworks

Cutpoint
:p ICC

Non-masters | Masters

Probability
o

N
N

o
(V)

EIEE
Distribution

Ability
G-EMI indices
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Results: Model Fit

RMSD- Root Mean Squared Deviation

P

Diagnosticity

IRT-2PL CDM-DINA IRT-DINA CDM-2PL

High
Diagnosticity

IRT-2PL CDM-DINA IRT-DINA CDM-2PL

Fitting Retrofitting
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Results:
Ability class misclassification

—— Low Diagnosticity ——High Diagnosticity

% misclassification

IRT-2PL CDM-DINA IRT-DINA  CDM-2PL

Fitting Retrofitting
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Results:
Ability class misclassification by class

Model Fitting IRT-2PL — — — CDM-DINA
Retrofitting IRT-DINA — — —CDM-2PL

% Misclassification\n

Ability Class

Low Diagnosticity
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Results:
Vector misclassification by class

Model Fitting IRT-2PL — — — CDM-DINA
Retrofitting IRT-DINA — — - CDM-2PL

% Misclassification\n

Ability Class

High Diagnosticity
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Results:
DINA misclassification by attribute

— IRT-LOW ---CDM-LOW —— IRT-HIGH ---CDM-HIGH

0.4

0.3

0.2

0.1

% Misclassification

0.0

Attribute

NCME 08

Conclusions

- Highly diagnostic tests lead to accurate
classification regardless of the frameworks.

- Low diagnosticity intensifies the negative
effects of model mismatch.

- The validity of retrofitting CDM to IRT was
not supported.

- Model fit indices may hide valuable
information.
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