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ABSTRACT

Objectives: This study examines factors affecting reliability, or consistency of assessment scores,
from an objective structured clinical examination (OSCE) in neurology through generalizability
theory (G theory).

Methods: Data include assessments from a multistation OSCE taken by 194 medical students at
the completion of a neurology clerkship. Facets evaluated in this study include cases, domains,
and items. Domains refer to areas of skill (or constructs) that the OSCE measures. G theory is
used to estimate variance components associated with each facet, derive reliability, and project
the number of cases required to obtain a reliable (consistent, precise) score.

Results: Reliability using G theory is moderate (@ coefficient = 0.61, G coefficient = 0.64). Per-
formance is similar across cases but differs by the particular domain, such that the majority of
variance is attributed to the domain. Projections in reliability estimates reveal that students need
to participate in 3 OSCE cases in order to increase reliability beyond the 0.70 threshold.

Conclusions: This novel use of G theory in evaluating an OSCE in neurology provides meaningful
measurement characteristics of the assessment. Differing from prior work in other medical spe-
cialties, the cases students were randomly assigned did not influence their OSCE score; rather,
scores varied in expected fashion by domain assessed. Neurology® 2015;85:1623-1629

GLOSSARY

D-study = decision study; G-study = generalizability study; G theory = generalizability theory; OSCE = objective structured
clinical examination; SP = standardized patient.

Objective structured clinical examinations (OSCEs) are a method of performance-based assess-
ment"? in which learners rotate through multiple cases, typically comprising of standardized
patients (SPs), or persons who are trained to portray a patient presentation in a consistent and
believable manner,* in order to measure a variety of clinical skills.® Estimating reliability, or the
consistency of the assessment, is challenging because OSCEs are inherently multifaceted with
variance in scores influenced by many sources. Prior studies in neurology have described the
utility and predictive value of OSCEs using traditional quantitative methods.”® However, tra-

ditional methods may bias score interpretation,”'®

and do not provide guidance as to how to
improve reliability. This study demonstrates the use of generalizability theory (G theory),"!
which identifies factors influencing the variability of scores, calculates a refined measure of

reliability, and makes post hoc projections of reliability when altering the structure of the OSCE.

BACKGROUND OSCEs. OSCEs were first described in 1979 as a means of assessing clinical skill.® In an
OSCE, students rotate through multiple stations that typically include SPs or partial task trainers, “models
meant to represent only a part of the real thing and often comprise a limb or body part.”'> OSCEs are currently
utilized to assess clinical skills during the medical licensing examination."

While a student’s clinical ability could be measured through direct observation or written tests, OSCEs are
often preferred as they allow for application of skills and knowledge that can be difficult or impossible to
measure otherwise.'""? Direct observation of clinical skills can be challenging because of variability of clinical
settings,” lack of validity evidence to support assessment instruments,'” subjectivity of faculty evaluations,® and
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reliance on secondary evidence such as oral case pre-
sentations or patient notes to make inferences about
general clinical skills.*® Written tests, while useful for
some applications, may not sufficiently measure clin-
ical skills because they do not allow the student to
demonstrate their clinical skills in a holistic and
authentic manner.

OSCE: require students to perform an activity or
construct a response, thus allowing for evaluation of
both the process used in solving a task as well as the
product*" OSCEs also typically yield multiple scores,
thus reducing time and cost for item development and
test administration.”” An additional benefit to an
OSCE is that it provides a unique opportunity for feed-
back on the learner’s performance, often from multiple
sources, and thus facilitates deliberate practice, a cor-
nerstone of modern simulation-based education.?**

OSCEs are intended to measure a variety of clin-
ical skills.® For example, if students are asked to pro-
duce a differental diagnosis, the OSCE allows
students to demonstrate not only whether they can
recite a differential diagnosis, but how well they can
arrive at the diagnosis through an appropriate history
and physical examination. The specific skills mea-
sured through an OSCE can vary based on discipline,
level of learner, and objectives of the curriculum.
Examples of skills that can be measured include
history-taking, physical examination, procedural
skills, communication and interpersonal skills, profes-
sionalism, and documentation.

In the University of Chicago Neurology Clerkship
OSCE, each case includes the same format. Students
read a door chart with introductory information about
the patient and a list of tasks to complete. They have
30 minutes for the patient encounter and 15 minutes
to complete a post-encounter patient note on a com-
puter. While each of the cases is unique, the clinical
competencies of history-taking, physical examination,
communication, and data interpretation are consistent.
The particular cases developed by the co-clerkship di-
rectors (R.V.L. and J.R.B.) were chosen because they
included both positive and negative pertinent findings
that could be simulated by trained persons (SPs), and
because they represent different content areas covered
during the cletkship. The “overall aim in case selection
is to avoid infrequent or atypical scenarios in favor of
classical or canonical entities that students need to rec-
ognize.” The case diagnoses are not discussed here
because these materials are actively in use for summa-
tive assessment purposes. However, all case materials
and assessments are available and password-protected

through MedEdPORTAL.>

G theory. In measurement theory, a learner’s score is a
function of their “true” ability and measurement error.
In G theory, the learner’s true score is “carefully

Neurology 85 November 3, 2015

defined in relation to all identified facets of the mea-
surement process, and thus provides a more compre-
hensive assessment of reliability.” In an OSCE,
examples of facets include students (p), cases (), do-
mains (), items (4), and raters (7), among others. Using
G theory, the variance associated with each facet is
estimated and provides meaningful information on
the measurement characteristics of the assessment.

Students (p) refer to the variability in scores caused
by true differences between learners. In an assessment
that discriminates learner performance, one would
expect that if student A outperforms student B on
an assessment, this is a reflection that student A has
greater ability. It is desirable for the student variance
to be greater than any other facet because it indicates
that differences in scores are truly attributable to stu-
dent ability rather than measurement error. Cases (¢)
refer to the variability in difficulty associated with the
patient encounters assigned in an OSCE. In this
study, students were randomly assigned to 2 of 3
cases. Domains (d) refer to varability in difficulty
associated with constructs or areas of skill that an
assessment measures. In this study, the 3 dimensions
within the OSCE include: the students’ ability to
gather a patient’s history, the students’ ability to per-
form physical examination maneuvers, and the stu-
dents’ ability to document an evidence-based
differential diagnosis and treatment plan. Items (7)
refer to the variability in difficulty associated with
checklist items within each case and across domains.
Finally, raters (7) refer to the variability in severity
associated with evaluators, which in OSCEs often
include SPs and faculty. Interactions between facets
also provide meaningful information; for example,
person by case (p X ¢) interaction would indicate
differences in student performance between cases,
rather than consistency in performance across cases.
The degree of variance contribution from each facet
provides useful information to identify whether the
assessment propetly discriminates between high and
low performers, whether cases or items sufficiently
vary in difficulty, or whether sources of error caused
by raters threaten the reliability of the assessment.

In addition to the variance sourced from each
facet, G theory estimates the overall reliability of
the OSCE. Reliability refers to the consistency of
assessment scores, such that a student’s performance
is trustworthy from application to application. This
consistency gives the educator confidence that the
assessment scores can be used to make decisions.
For example, scores could be used to determine
whether or not a student passes the neurology clerk-
ship and moves on to the next training experience.
While reliability is important for any measurement, it
is especially critical in high-stakes testing when signif-
icant consequences are attached.



Analyses using G theory are generally divided into
2 parts: (1) generalizability study (G-study), and (2)
decision study (D-study). In a G-study, variance com-
ponents from the facets noted above (e.g., students,
domains, items) are estimated and an overall reliabil-
ity is calculated. Then, using estimates of variance
components, a post hoc projection of reliability is
examined through the D-study. The G- and D-stud-
ies are not separate studies, but rather different anal-
yses from the same overall study.

At times educators may be told that an
absolute minimum number of cases for an OSCE ex-
ists, but in reality the number of cases required to
meet acceptable reliability is context dependent.
These contexts motivate the use of a D-study. For a
given application, the minimum number of cases
may be 3, while for another application it may be
10. Any adjustments made to the OSCE have impli-
cations for time, effort, and funding. It is therefore
valuable to conduct a D-study to inform decisions
before adjustments are made.

Case specificity. Case specificity can be defined as the
phenomenon of student assessment performance
varying from case to case, as some students may have
greater knowledge or past experience with some cases
rather than others.? Previous research regarding case
specificity has yielded conflicting results,”° with
some studies showing degrees of case specificity in
both performance-based and written examinations.
Previous concepts of case specificity held that case
specificity was naturally a large component of
variance in multicase examinations, and thus many
cases would be needed to arrive at a reliable score.
More recent research has demonstrated that the
number of cases, while a factor, is not necessarily
the driving force behind variance, and instead larger
sources of variance may be attributed to the items**!
or some other factor.

Determining the degree of case specificity within a
neurology OSCE has both measurement and practi-
cal consequences. For example, if a significant portion
of the variance was sourced from cases, this might
indicate that the students’ performance on the OSCE
was influenced by which case he or she was assigned,
rather than by his or her true ability. In an assessment
with high case specificity, achieving sufficient levels of
reliability may require adding more cases.

METHODS Data. Data used for this study are based on a
high-stakes summative neurology OSCE. This study was
approved by the institutional review board. The facets included

in this study are as follows:

* Students (p): One hundred ninety-four third-year medical
students participating in the neurology clerkship rotation.
e Cases (c): Three cases, of which each student is randomly

assigned to 2. Each patient case is portrayed in a

standardized manner, and includes history and physical

examination positive and negative pertinent findings.

Domains (d): Three domains include gathering patient his-
tory (h), performing a complete neurologic physical exam-
ination (px), and an assessment of the patient including

differential diagnosis documented in a note (a).

Items (2): The domain of patient history includes a range of
11-14 case-specific items. The domain of physical exami-
nation contains 55 items consistent for all 3 cases; there are
also up to 4 case-specific additional physical examination
steps. The domain of patient assessment contains 20 case-

specific items.

Analysis. Reliability and variance composition of the neurology
OSCE were examined using G theory. Within a G-study design,
all facets must be listed as either crossed or nested. If a facet is
crossed, all elements of the facets interacted with each other.
For example, in this study, domains () are crossed with cases
(¢) because all 3 of the cases tested all 3 of the domains (history-
taking, physical examination, and differential diagnosis with
treatment plan). Facets that are nested are those for which one
facet was contained in another. For example, in this study, items
(7) are nested within cases (c) because some items within each case
were unique.

In this study, the overall design is p X [z (d X ¢)], where
students are crossed with items nested within domains, which are
crossed with cases. Cases and items are assumed to be random,
sampled from the population (universe) of potential cases and
items. In other words, in a universe of potential cases and items,
this OSCE includes a sample. Domains are assumed to be fixed at
3, as the finite set of components measured. Specifically, there are
a limited number of domains that can be measured within the
universe of clinical skill, and this OSCE fully measures the 3
domains within its structure: gathering a patient’s history, per-
forming physical examination maneuvers, and documenting an
evidence-based differential diagnosis and treatment plan.

Using estimates of variance components, G theory allows for
the calculation of reliability: (1) G coefficient, and (2) @ coeffi-
cient. These coefficients represent the reliability of the score pro-
vided by the OSCE. When normative decisions are needed, the G
coefficient can be used; when criterion-based decisions are
needed, the @ coefficient can be used. D-study was conducted
to examine the projected reliability when increasing the number
of cases. D-study is a post hoc analysis that uses estimates of
variance components from the G-study to make projections in
reliability. Figure e-1 on the Neurology® Web site at Neurology.
org shows the variance components associated with this design
(including the linear model equation). Estimation was conducted

using urGenova’ for the G-study.

RESULTS Descriptive statistics indicate a compara-
ble distribution of performance across cases (see
table 1). Student performance on a given domain
is not significantly different from case to case.
Instead, much of the variability in scores is sourced
from the domain tested (history-taking, physical
examination, and documentation), thus supporting
the decision to consider the domains as separate
constructs measuring different attributes.

Table e-1 represents the variance components
from each facet within the OSCE. The analysis of var-
iance components from the G-study reveals that a
majority of variance is attributed to the domain
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[ Table 1 Descriptive statistics

Checklist No.
Case 1
SP history questions 121
Physical examination 121
Assessment: Patient note 121
Case 2
SP history questions 109
Physical examination 109
Assessment: Patient note 109
Case 3
SP history questions 159
Physical examination 159
Assessment: Patient note 158
Overall
SP history questions 389
Physical examination 389
Assessment: Patient note 388

Abbreviation: SP = standardized patient.

Mean SD Min Max
0.75 0.14 0.36 1.00
0.91 0.07 0.67 1.00
0.68 0.14 0.25 0.90
0.74 0.15 0.36 1.00
0.94 0.05 0.80 1.00
0.76 0.10 0.50 1.00
0.79 0.11 0.42 1.00
0.91 0.06 0.69 1.00
0.66 0.12 0.35 0.95
0.76 0.13 0.36 1.00
0.92 0.06 0.67 1.00
0.69 0.13 0.25 1.00

Students are assigned 2 cases as part of their examination. There were 194 unique examinees who participated in this
test. Student performance within domains across cases did not significantly vary, while student performance across

domains within cases varied.

(11.7%). This further supports the findings in the
descriptive statistics that each domain is truly unique
from the others, and that successful performance on
one domain does not necessarily translate into suc-
cessful performance on another. A lesser amount of
variance was sourced from cases crossed with items
nested in domains (11.0%), students crossed with
items nested in domains (8.6%), and items nested
in domains (5.2%). Case specificity, or the degree
to which the case the student is assigned influences
the variance, was not a concern (0.0%). Finally, the
4-way interaction of all the facets (students, cases,
domains, and items), as well as residual error, ac-
counted for 59.2% of the variance components.

Results from a D-study are shown in table 2. D-
studies provide projections in reliability estimates
when facets are adjusted (e.g., increase the number
of cases, decrease the number of items). This is a
useful and practical tool to improve assessments based
on evidence and assign resources for test development
(e.g., faculty time needed to develop cases, feasibility
in students’ testing time).

For the overall reliability of the OSCE, in a G-theory
framework, there are 2 reliability indices: ® coeffi-
cient is used for criterion-based assessments (students
measured against a predetermined standard), and the
G coefficient is used for normative assessments (stu-
dents compared to each other). The reliability esti-
mates were as follows: ®@ coefficient = 0.61 and G

Neurology 85 November 3, 2015

coefficient = 0.64. Students are randomly assigned to
2 of 3 cases, and thus calculations were made for each
possible combination of cases (cases 1 and 2, cases 2
and 3, cases 1 and 3), as well as a “combined” calcu-
lation that represents an aggregate of estimates across
all case combinations. The combined data reveal that
3 cases are required to reach a G coefficient above
0.70, and 6 cases are required to reach a G coefficient
above 0.80. Educators would need to double the
number of cases per student (3—6) in order to increase
the reliability by a tenth of a point, but only one
additional case is needed to reach the desired thresh-
old. Figure 1 illustrates this for visual purposes.
Because 0.70 is a commonly accepted minimum level
of acceptable reliability for an internal examination,”
the judgment about whether or not to double the
number of cases becomes not simply one of measure-
ment but also of institutional policy. The D-study
results dispel the belief that there exists an absolute
number of cases required for an OSCE in order to
reach acceptable reliability and provide guidance for
educators about how to determine the appropriate

number of cases.

DISCUSSION A previous study examining the relia-
bility of the neurology cletkship OSCE determined
that student OSCE scores were significantly corre-
lated from one case to another, significantly correlated
with National Board of Medical Examiners subject



[ Table 2 Decision study results: Increasing the number of cases

No. of cases

© 0o N O o > W

10

Cases 1 and 2 Cases 2 and 3

G [ G D
0.639 0.607 0.473 0.427
0.714 0.683 0.563 0.511
0.758 0.728 0.622 0.566
0.788 0.759 0.664 0.606
0.809 0.780 0.695 0.636
0.824 0.797 0.719 0.658
0.836 0.809 0.738 0.677
0.846 0.819 0.754 0.692
0.854 0.828 0.767 0.704

Cases 1 and 3 Combined

G @ G @
0.525 0.483 0.639 0.607
0.612 0.566 0.714 0.683
0.666 0.619 0.758 0.728
0.704 0.655 0.788 0.759
0.732 0.682 0.809 0.780
0.753 0.703 0.824 0.797
0.770 0.719 0.836 0.809
0.784 0.732 0.846 0.819
0.795 0.743 0.854 0.828

G and @ coefficients calculated using variance components from table e-1, assuming domain to be fixed, while case and items are random. “Combined”
represents an average across all case combinations. The combined data reveal that 3 cases are required to reach a coefficient above 0.70 and 6 cases are
required to reach a G coefficient above 0.80.

examinations, and not correlated with faculty assess-
ments of students’ clinical performance.® These re-
sults are helpful in arguing to include an OSCE as a
component of students’ assessment portfolios
within a neurology clerkship. However, in order
to know which facets within the OSCE would be
most influential if adjusted to increase the reliability
of the assessment, new analyses using G theory are
needed. The use of G theory builds on the prior
study in that it provides data specific to each facet
of the OSCE (students, cases, items, and domains)
to guide decisions about adjusting facets to improve
reliability.

This study offers an example of how to examine
reliability using G theory when presented with an

[ Figure 1 Decision study results: Increasing the number of cases ]
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Increasing the number of cases per student from 2 to 3 increases the G coefficient beyond
0.70, a typical benchmark for institutional examinations. Increasing the number of cases per
student from 2 to 6 allows the G coefficient to reach above 0.80. As the number of cases
increase, there is a diminishing return on reliability. G and ® coefficients are from the aver-
aged result across combination of cases.

unbalanced dataset. Because each student is assigned
to 2 of 3 possible cases, each student has missing
data for the third case that he or she does not partic-
ipate in. Many OSCE:s have case banks or multiple
cases that are exchanged from rotation to rotation,
or year to year, in order to collect data on multiple
case measurements and maintain test integrity.
The value of breaking the data into 3 separate data-
sets (students who participated in cases 1 and 2,
cases 2 and 3, cases 1 and 3) and then aggregating
the estimates allows us to examine an OSCE with
a rotating case bank.

According to a recent systematic review of the
OSCE as a testing format, the average reliability of
scores from high-stakes OSCEs was 0.65,°* below
the generally accepted guidelines of minimum relia-
bility.?® The level of reliability desired is a policy deci-
sion, and from a budgetary standpoint, having
guidance regarding the number of cases required is
more cost-saving than making an educated guess.
This finding contradicts the argument that case spec-
ificity is a significant contributor to variance in all
applications of OSCEs. Instead, educators should
consider the context in which their OSCE is applied.
It may be that summative OSCEs that sample curric-
ular content across a medical program indeed have a
greater degree of case specificity than OSCEs targeted
within a single medical discipline such as a clerkship.
This is an area in which future research should be
focused.

Finally, within the field of neurology, reliability
has been examined both in educational endeavors®
and clinical applications.***® While OSCEs are a
common example of a multifaceted assessment, many
if not all applications of assessment involve multiple
facets. This demonstration of G theory presents edu-
cators and researchers with a method by which to
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examine multiple facets, and therefore multiple sout-
ces of variances, within assessments.

Limitations. This study is limited in that it was con-
ducted at one institution. It may be that applications
of the same OSCE material would yield varying results
depending on the student population to which it was
applied. In addition, the case selection for clerkships in
other settings may vary from the case selection analyzed
in this study because curricula across institutions differ.

Conclusion. Simulation, specifically the use of SPs in
OSCE;, is increasingly used in medicine as an assess-
ment of individual ability. Simulation-based assessment
is used to make decisions for advancement in
institutional programs, for state licensure, and for some
credentaling programs for current practitioners.'*
Despite  significant consequences associated ~with
simulation-based assessment, measurement principles

are not consistently applied.

(comment:
Generalizability theory and assessment in medical training

Even though it is more than 50 years old,! generalizability theory,? or G
theory, is not well known to the medical community. It combines aspects of classic
test theory and analysis of variance in order to estimate reliability (“G-study”) of a
measurement instrument as a function of design aspects (“facets” in G-theory
literature), and to improve instrument design (“D-study”). G theory is unrelated
to G estimation used in causal inference.

This study used G theory to analyze data from objective structured clinical
examinations (OSCEs) in Neurology clerkships.® Specifically, the authors exam-
ined data from OSCEs of 194 students, each randomly assigned to 2 of 3 clinical
cases, with 3 domains examined for each case: medical history, physical exami-
nation, and assessment. Each domain includes 11 to 55 specific assessment items.
The authors’ G-study shows that their OSCE has moderate reliability, and they
identify 2 major sources of explainable variability: the 3 domains, and interaction
between the 3 cases and the items nested within domains. The authors’ D-study
shows how reliability of their OSCE would be likely to improve if the number of
cases was increased.

G theory has the potential to help create better instruments that can improve
the evaluation process for Neurology clerkship and residency training. This article
is a model for how this can be done: After a G-study analysis is used to describe an
existing assessment procedure, D-study analyses show how modifications to the
procedure can improve its reliability. Clerkship and residency directors should
seriously consider this data-driven methodology to improve assessments.

1. Cronbach L], Rajaratnam N, Gleser GC. Theory of generalizability: a liberalization of
reliability theory. Br J Stat Psychol 1963;16:137-163.

2. Brennan RL. Generalizability Theory. New York: Springer-Verlag; 2001.

3. Blood AD, Park YS, Lukas RV, Brorson JR. Neurology objective structured clinical
examination reliability using generalizability theory. Neurology 2015;85:1623-1629.
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This study contributes to the body of knowledge
in this field because it provides an example of apply-
ing measurement principle (G theory) to simulation-
based assessment (OSCE). The results from this study
reveal that student performance on a given domain
does not significantly differ from case to case, but
instead much of the variance in scores is sourced from
the domain tested. It may provide an example for
other educators utilizing OSCEs and call attention
to issues that have yet to be fully explored, such as
case specificity related to OSCE stations. In this
study, case specificity did not contribute significantly
to the variance in scores, dispelling the belief that all
OSCEs must necessarily include large case banks to
reach acceptable levels of reliability. This underscores
the practical importance of conducting site-specific
D-studies before adjusting facets within an assess-
ment such as an OSCE.

Moreover, this research demonstrates the use of G
theory to study a high-stakes local examination in
medical education and in particular, neurology. Im-
plications from the use of G theory that indicate dif-
ferences in domain-level scores can be used to refine
test development in future uses of this test design.
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