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Study Background

• Study Purpose

• Provide two alternative reliability measures for skills in 

objective structured Clinical Examinations (OSCE)

• Classification Accuracy

• Classification Consistency

• Illustrate these measures with an empirical sample
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Study background 

• Progress Clinical Skills Examination  
• 8-station objective structured clinical Examination
• Standard patient checklists
• Faculty-graded post encounter tasks
• Twice per semester for 10 semesters
• Criterion-referenced standards 

for performance 

• Data structure 
• Cases
• Domains
• Skills
• Items

• Grain size: Case > Domain > Skill > Item 
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• Reliability
• Definition: the degree to which test scores are precise and free from 

measurement error. 

• Generalizability Theory (G-study/G-theory)

• Variance decomposition method

• Students’ score variations are attributable to multiple sources 

• e.g. case specificity, domains, checklist items, Standard patients.  

• Accounting for these multiple sources of variation would complicate the 

model. 

• Minimizing the complexity by aggregating scores across a certain course 

would compromise the information and decrease the capability of reliability 

indices. 

• Increasing the number of cases or checklist items would allow all the 

variance sources to be incorporated, this is expensive and impractical. 
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• Cognitive Diagnostic Model (CDM)1, 2

• CDMs  have been applied in 
• mathematics education to diagnose students’ difficulties in 
learning fraction questions3, 4

• social anxiety disorder study to identify the subgroup of 
individuals with social phobias.5

• Test Blueprint – Q-matrix (Item × skill matrix) 
• Item is denoted by 𝑗, 𝑗 = 1… 𝐽
• Skill is denoted by 𝑘, 𝑘 = 1…𝐾

• Example: If there are only three skills we want to assess, the number 
of possible skill patterns is 8 (i.e., 23 = 8), denoted by 𝜶, 

✓ Each element of the Q-matrix is 
dichotomous.

✓ If item 𝑗 requires skill 𝑘 to be answered 
correctly, then 𝑞𝑗𝑘 = 1; otherwise, 𝑞𝑗𝑘= 0

• [0, 0, 0]
• [0, 0, 1]
• [0, 1, 0]
• [1, 0, 0]

• [1, 1, 0]
• [1, 0, 1]
• [0, 1, 1]
• [1, 1, 1]

Add Sub Mul

7 + 5 × 2 1 0 1

6 − 3 0 1 0

𝑞11 ⋯ 𝑞1𝑘
⋮ ⋱ ⋮
𝑞𝐽1 ⋯ 𝑞𝐽𝐾

skill

item
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• Model Specification 

• the deterministic inputs, noisy “and” gate (DINA) Model

• The probability for answering an item correctly requires an examinee 

who has all the necessary skills not to slip and an examinee who lacks at 

least one of the required skills to guess correctly. 

𝑃 𝑋𝑖𝑗 = 1 𝛼𝑖𝑘 , 𝑞𝑗𝑘 = (1 − 𝑠𝑗)
𝜂𝑖𝑗𝑔𝑗

1−𝜂𝑖𝑗

• 𝑋𝑖𝑗 denotes the observed score from examinee 𝑖, 𝑖 = 1… 𝐼

• 𝜂𝑖𝑗 = ς𝑘=1
𝐾 𝛼

𝑖𝑘

𝑞𝑗𝑘 ,

• If the student possess all the required skills for the item: 𝜂𝑖𝑗 = 1; 

otherwise, 𝜂𝑖𝑗 = 0

• Skill pattern is denoted by 𝜶:  𝛼𝑖 = 𝛼𝑖1, … , 𝛼𝑖𝐾

• Skill pattern required for each item: 𝑞𝑗 = [𝑞𝑗1, … , 𝑞𝑗𝐾]
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• The purpose of CDM is to identify examinees’ skill pattern. 

• The estimated skills are dichotomous (possess or not). 

• Reliability is the degree to which test scores are precise and free from 

measurement error. 

• Reliability:

• Classification Accuracy: 

• The proportion of students whose estimated classification memberships were 

matched with their true skill classification membership. 

• The probability that the estimated classification membership is equal to the true 

classification membership. 

• Classification Consistency: 6, 7

• The proportion of students whose estimated classifications were identical across 

the two simulated parallel assessments. 

• The probability that two parallel forms of the assessment result in the same 

estimated classification

• Parallel forms of a CDA as two tests with the same Q-matrix and identical 

item parameters. 
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Data Source
• 190 second-year medical students’ PCSE scores from the summer semester 2019

• 8 clinical scenario patient-encounter cases

• 15 minutes per case

• ~20 items per case were assessment 

by standard patients covering 

five domains: 

Domain # items # skills

Interaction 32 3

History-gathering 42 5

Physical Examination 36 5

Counseling 31 5

Safety Behaviors 18 4
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• Model specification: DINA model 
• Q-Matrix: Clinical educators 
• Model identification: 

• Each skill in the domain must be measured by at least 3 items
• Each domain must have 5 skills or under. 

• Reliability Indices: 
• Classification Accuracy & Classification Consistency
• Both were estimated using Johnson & Sinharay8 and simulated-based

estimations.
• Maximum a posteriori (MAP) estimators were used to decide the final 

membership estimates in Monte Carlo simulations. 
• the sample size is set to be 5,000 for each simulated dataset. 

• Four reliability indices were calculated at the skill-level and pattern level. 
• Cutoffs: .95 is excellent reliability, .90 very good, .80 good, and .7 fair.

• Statistical software: 
• R version 3.5.3,  CDM package9
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Results – Skill-level Reliability in the Interaction Domain
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• Conclusion 

• Except for the skill “Seek important psychosocial information” in the 

History-gathering Domain, all skills had at least good reliability indices 

(c > .8). 

• Pattern-level reliability ranged from 0.607 to 0.871.

• Next Step 

• For a skill with low reliability, we can further explore whether if

• SPs that need additional training in coding specific medical 

students’ behavior 

• the description of the item that is too hard to understand

• memory burden 

• For a domain with low pattern-level reliability, we can further explore 

which pattern is the most problematic. 



Discussion

18

• Applicability and Practicality
• Model students’ learning level using the fine-grained information

• Students and teachers can focus on specific unmastered skills to 

improve: Great to support classroom learning 

• Allow for small sample size and short test lengths

• Available for skill-level reliability and pattern-level reliability 

• Bridge the gap between psychometricians and clinical educators.

• Limitation and Future Study
• Model specifications

• Q-matrix validation 

• Classification Validation  

• Polytomous item responses

• Hierarchical skills
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