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Motivating 
Example

• Example score 
report for a 
DCM-based 
assessment

• Mastery or 
proficiency of 
distinct skills

• Actionable 
feedback for 
stakeholders
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Reliability for Diagnostic Assessments

• Well developed methods for evaluating classification 
accuracy and consistency for diagnostic assessments
– See Sinharay & Johnson's (2019) Measures of agreement: Reliability, 

classification accuracy and classification consistency

• Focus classification level (i.e., the attribute)
• Operational programs may have other reporting needs



Nested 
Attributes

• Distinct skills 
nested within 
standards

• Further nesting 
by strand or 
subjects



Multiple Levels of 
Aggregation

• Results may be reported as 
aggregations of classifications
– E.g., strands or overall 

performance level
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Limitations of Current Practice

• Standards for Educational and Psychological Measurement
– 2.3: For each total score, subscore, or combination of scores that is 

to be interpreted, estimates of relevant indices of 
reliability/precision should be reported.

• Existing methods do not allow for the aggregation of 
reliability estimates of distinct skills into an aggregated 
reliability metric
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SIMULATED RETESTS
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Overview

• Using estimated model parameters, simulate new responses 
to assessment items

• Score the simulated assessment using operational scoring 
rules (e.g., aggregation)

• Compare results from the simulated retest to the observed 
data

• Reliability is the degree of agreement between observed and 
simulated results
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Step 1: Sample a Student Record

Student Item 1 Item 2 Item 3 Item 4 Item 5 …

Jayden 1 1 0 1 1 …

Dibanhi 1 1 1 0 0 …

Macyn 1 0 1 1 0 …

Aaron 1 1 1 1 0 …

Kiara 0 1 1 0 1 …

Paulo 0 1 0 1 0 …

Leila 1 1 1 0 0 …

David 0 0 1 1 0 …
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Step 2: Simulate a Retest

• Using Paulo's estimated 
classification probabilities 
and the model parameters, 
simulate new item 
responses 
– E.g., Roussos et al. (2007)
– Parallel administration using 

the same items, or
– Simulation can account for 

new items (e.g., routing 
decisions, item selection)

Item Observed Simulated

Item 1 0 0

Item 2 1 1

Item 3 0 1

Item 4 1 1

Item 5 0 0

… … …



11

Step 3: Score Simulated Retest

• Using operational scoring 
rules, score the simulated 
retest
– E.g., overall performance 

level

• Any result calculated from 
observed data can be 
calculated from simulated 
retests (e.g., Clark et al., 
2017; Skaggs et al., 2016)

Student Observed Simulated

Paulo_1 3 4

… … …
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Step 4: Repeat

• Draw another student and 
repeat the process
– Drawn with replacement
– Similar to bootstrap sampling 

(Efron, 2000)

• Sampling will depend on the 
structure of the assessment
– Sample 1,000,000 students
– Sample each student 100 

times

Student Observed Simulated

Paulo_1 3 4

Aaron_1 3 3

Kiara_1 1 1

Macyn_1 2 2

Aaron_2 3 3

Paulo_2 3 3

Jayden_1 4 3

… … …
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Step 5: Estimate Reliability

• Calculate appropriate measures of agreement between 
observed and simulated scores
– Binary classifications: percent agreement, tetrachoric correlation, 

Cohen's kappa
– Polytomous classifications: percent agreement, polychoric 

correlation, Cohen's kappa
– Interval scales: Pearson correlation

• May choose to report multiple metrics
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Simulated Retest Method is Accurate

• Retest estimates of 
attribute-level classification 
accuracy and consistency 
are nearly identical to non-
simulation approaches

• Limited to comparisons at 
the attribute level (no 
aggregated comparison 
metric)

Thompson et al. (2023): Using 
simulated retests to estimate the 
reliability of diagnostic 
assessment systems.
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Simulated Retest Method is Flexible

• Simulated retests are not 
limited to attribute-level 
summaries of reliability
– Content standard or content 

strand

• Flexible enough to 
accommodate any 
operational scoring rules Thompson et al. (2019): Measuring 

the reliability of diagnostic 
classifications at multiple levels 
of reporting.
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Considerations

• For multiple reporting structures, simulated retests offer a 
straightforward method for assessing reliability
– If only reporting attribute-level results, simulated retests may not 

be optimal (i.e., time and computationally intensive)

• Important to evaluate model fit, as the simulation uses the 
estimated model parameters

• Different summary statistics may be preferred in different 
contexts
– Cohen's kappa may be suboptimal with unbalanced classes
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Conclusions

• As diagnostic models move from theory to implementation, 
existing methods for providing technical evidence may need 
to be adapted for operational settings

• Reliability is one example where existing methods were 
limiting for operational use
– Simulated retests overcome this limitation

• Additional work likely needed in other areas
– E.g., DIF, equating, growth
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