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. Study Background

e Study Purpose
* Provide two alternative reliability measures for skills in
objective structured Clinical Examinations (OSCE)
* Classification Accuracy
* Classification Consistency

* |llustrate these measures with an empirical sample
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. Study Background

e 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.




. Introduction
* Cognitive Diagnostic Model (CDM)?' 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.”

* Test Blueprint — Q-matrix (Item X skill matrix) _mmm

* Iltemis denoted by j,j = 1..] 7+5x2
e Skill is denoted by k,k =1...K 63 0 1 0
skill
\/ _ e .
- qi1 ° Qik Eéch element of the Q-matrix is
Item . : dichotomous.
v Ifitem j requires skill k to be answered
41 = 4k correctly, then g = 1; otherwise, ;= 0

* 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 «,

* [0,0,0] * [1,1,0]
 [0,0,1] * [1,0,1]
 [0,1,0] [0, 1,1]

[1, 0, 0] * [1,1,1] 6




. Introduction

* 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(X;; = 1|aip, qi) = (1 — Sj)"”gj(l_"”)

* X;j denotes the observed score from examinee i, i = 1...1

_ TIK djk
* Nij = k=1 X

* If the student possess all the required skills for the item: n;; = 1;
otherwise, n;; = 0
« Skill pattern is denoted by a: a; = [a}q, ..., Ajx]

* Skill pattern required for each item: q; = [qj4, ..., q k]




. Introduction

* 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:
e 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: © 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.




Dvethods

Data Source

190 second-year medical students’ PCSE scores from the summer semester 2019
e 8clinical scenario patient-encounter cases

° 1 5 m i n utes pe r case Table 2. Domains and associated skills used in Q-matrix
. Domains Skills
* ~20items per case were assessment
Interactional Skills 1) Introduce himself’herself using name and role (medical students)
by standard patients covering (32 items total) 2) Establish time and set agenda

3) Use patient-center interviewing skills

five domains:

History-gathering 1) Elicit potential causes of symptoms or associated symptoms
domain 2) Elicit health/disease management history
mmm (42 items total) 3} Seek important psychosocial information
4} Elicit basic description of symptoms
| ntera Ctlo n 3 2 3 5) Obtain medical history
Physical Examination 1) Examuine head, eyes. ears, nose. throat (HEENT)
H | sto ry_gat h e rl n g 42 5 (36 items total) 2) Perform cardiopulmonary examination
3) Perform abdominal examination
Physical Examination 36 5 4) Examinc integument
5) Perform neuromusculoskeletal examination
CO unse | | n g 3 1 5 Counseling Skills 1) Assess health beliefs
(31 items total) 2) Provide patient-centered education
Safety B e h aV| ors 18 4 3) Indicate next steps in evaluation and management

4) Communicate possible causes of symptoms

5) Engage in shared decizsion making

Safety Behaviors 1) Venfy patient using two 1dentifiers
(18 items total) 2) Identify nisk
3) Perform hand hygiene

47 Elicit medication history




Dvethods

Model specification: DINA model
* Q-Matrix: Clinical educators
* Model identification:
e Each skill in the domain must be measured by at least 3 items
* Each domain must have 5 skills or under.
» Reliability Indices:
e Classification Accuracy & Classification Consistency
* Both were estimated using Johnson & Sinharay® 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.
e Cutoffs: .95 is excellent reliability, .90 very good, .80 good, and .7 fair.
 Statistical software:
* Rversion 3.5.3, CDM package®
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. Results — Skill-level Reliability in the Interaction Domain

Interactional Skills
0.986 0.971 0.996 0.967 0.998 0.984 0.996 0.967
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M CA - Jounson & Sinharay I CA - Simulated Data = CC - Johnson & Sinharay  CC- Simulated Data
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. Results — Skill-level Reliability in the History-Gathering

History-Gathering

, _ 08730963 0966 0.985 0.9720.973 0.993( 981 0.987 9964 (959 0.955
0.95 0.943
0.935 0.918
09 0.856 0.858
0.8 0.782 0.788
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0
Elicit potential causes of Elicit health/disease Seek important Elicit basic description of Obtain medical history
symptoms, or associated management history psychosocial information symptoms
symptoms
B CA - Jounson & Sinharay CA - Simulated Data CC - Johnson & Sinharay CC- Simulated Data
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. Results — Skill Reliability in the Physical Examination Domain

Physical Examination

0.973 0.972 0.95 0.947

0.932
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13




. Results — Skill-level Reliability in the Counseling Domain

Counseling
1 0.959 0.963 0.941 0.965 0.967 g g38 0.937
0.9260.933 ' 0.914 0.927 0902 0.911
0.9 0.854 0.864 0.869 0.874
0.8010.804
0.8
0.7
0.6
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0.4
0.3
0.2
0.1
0
Assess health beliefs Provide patient- Indicate next stepsin Communicate possible Engage in shared
centered education evaluation and causes of symptoms decision making
management
B CA - Jounson & Sinharay CA - Simulated Data CC - Johnson & Sinharay CC- Simulated Data

14




Results — Skill Reliability in the Safety Behaviors Domain

Safety Behaviors

0.936 0.936
892
0.881 0.8
0.9 0.871 0.861 085 (.84
081 (g
0.8
0.7
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Verify patient using two Identify risk Perform hand hygiene Elicit medication history
identifiers
M CA - Jounson & Sinharay CA - Simulated Data CC - Johnson & Sinharay CC- Simulated Data
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. Results — Skill Reliability in the Safety Behaviors Domain
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. Conclusion

e Conclusion

* Except for the skill “Seek important psychosocial information” in the
History-gathering Domain, all skills had at least good reliability indices
(c>.8).

e Pattern-level reliability ranged from 0.607 to 0.871.

* Next Step

e For a skill with low reliability, we can further explore whether if
e SPs that need additional training in coding specific medical
students’ behavior
e the description of the item that is too hard to understand
e memory burden
 For adomain with low pattern-level reliability, we can further explore
which pattern is the most problematic.

17




. Discussion

* 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
e Q-matrix validation
e Classification Validation
e Polytomous item responses
e Hierarchical skills

18
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