1.1 Protocol of a SR of the reliability of the mini-CEX

“A test, broadly defined, is a set of tasks or stimuli designed to elicit responses that provide a sample of
an examinee’s behaviour or performance in a specified domain. Coupled with the test is a scoring
procedure that enables the scorer to evaluate the behaviour or work samples and generate a score. In

interpreting and using test scores, it is important to have an indication of their reliability.” The Standards

1)
1.1.1 Introduction
A sufficient sample size for the evaluation of the reliability of assessment for any measurement
method is needed to minimise idiosyncratic random error and allow appropriate application of

statistical tests (2)"***%°

. In 2009 an unpublished analytical review completed to give direction for this
thesis identified a problem with the reliability of the mini-CEX (see Supplement — 2010 Analytical
review of the reliability of the mini-CEX). The reliability of this assessment process was in doubt
because the main variance comes from differences in the assessors’ opinions and from residual error.
That is, influences that are unrelated to the trainee’s clinical skills and competence have a major effect
on the score given for each competency item and overall assessment. The most consistent observation
is that the trainee differences contributed least to the variance of the scores across a wide variety of
assessment contexts, types of trainees and types of assessors. The series of studies identified at the
time (3-17) indicated that rater variation needs to be a focused area for future research to enable the
development of reliable and eventually valid clinical competence assessment methods. They also
highlighted the need for better research design, methodology and analysis, including “reliable”

reporting of evaluation studies for methods of assessment. Finally, the review demonstrated the

potential utility of systematic reviews for guiding public policy decisions in medical education.

Systematic reviews (SRs) are important as a way of identifying the existence of a lack of evidence to
answer questions and sort out potential problems with methodologies and available evidence'. SRs
can also provide information for more specific questions and narrow areas of research (18), especially

ones that have a utility related answer and/or contribute to theory development (19). Pragmatic and

! “Perhaps the major difference is that when scientific standards are applied to the conduct of a research
synthesis the weaknesses in evidence become more transparent; simply because weaknesses are less evident in
traditional reviews does not mean they are not there.” H Cooper 2010 (18)



implementable reliability information would be useful for the evaluation of any assessment program
using assessment results based on the opinion of one person about the competence of another. For
example the optimal number needed to provide a reliable assessment score in any one circumstance
for any judgement-based assessment often remains uncertain. A published literature review using
systematic review methods in 2010 identified and reported the need for at least 10 mini-CEX
assessments to achieve adequate reliability (20). In principle, from the evidence at the time it would
be reasonable to accept the need for a minimum of 10 assessments to achieve a minimally adequate

reliability coefficient in any assessment program.

The accuracy of this recommendation has not been updated in subsequent systematic reviews. Also
because of the small number of included studies by the review at the time (20), an effect size with

confidence intervals was unable to be calculated.

1.1.2 Primary outcomes

A systematic review (20) identified the need for at least 10 assessments to achieve adequate reliability.
Therefore the reliability coefficient for 10 assessments will be used as an “effect size”.

Meta-analysis will be performed using the random-effects model for each selection strategy and all
outcomes without pooling. Sensitivity analysis was by repeating the statistics with each study removed.
Heterogeneity analysis was performed using tau-squared, the Q-statistic, and I-squared.

The pre-specified most important outcomes that add to the validity evidence of reliability for the
specific assessment result are described below and include details of how the outcome is defined and
measured. All the measurements are performed after the assessment data has been collected at the time
of the assessment.

The primary outcome measure is the reliability coefficient for 10 assessments. This number was chosen
since a literature review using systematic review methodology (20) identified the need for at least 10
assessments to achieve adequate reliability. In addition this outcome measure was chosen with the
intent of achieving the review aim of identifying information that is of practical utility to any
assessment program and that will allow a measure for quality evaluation, feedback to program directors
about comparable reliability and an ability to provide simple benchmarking measures.

Secondary outcome measures will be any measured reliability indices as indicated in the Standards for

Educational and Psychological Testing (1) will be considered as secondary outcomes.

1.1.3 Domain being studied



The domain being studied is the evidence for the reliability/precision of the mini-CEX, a judgement-

related assessment format used in the workplace. This assessment format is used to provide structured

feedback based on observed performance for an individual's clinical and professional competencies.

The domains of “Reliability/precision and errors of measurement” (1) will be evaluated in this review.

1.1.4 Participants/population

A full search was performed with the specific aim of identifying systematic reviews in which the

authors evaluated validity evidence for workplace based assessments which include the mini-CEX.

The population, “intervention”, comparator and outcome (PICO) format were: (1) the population are

medical trainees in any circumstance of medical education and training; (2) the “intervention” is the

evaluation process of the reliability and/or validity evidence for the use of the mini-CEX as an

assessment method; (3) the areas for analysis and synthesis (“comparators”) are the pre-specified

classical reliability and validity measures; and (4) outcomes are the reliability indices and validity

measures as indicated in the Standards (1) are acceptable for inclusion (Table 1).

Table 1 Inclusion and exclusion criteria

PICO Format

Study Inclusion Criteria

Study Exclusion criteria

Populations

The “intervention”

The “comparators” are
the areas for analysis
and synthesis

The “outcomes”

Study designs

Medical trainees in any
circumstance of medical education
and training

Evaluation process of the reliability
and/or validity evidence for the use
of the mini-CEX as an assessment
method

Evaluation of multiple types of
WBAs but includes the mini-CEX

Pre-specified reliability and validity
measures

Measured reliability and validity
measures as in the Standards (1)

Measured reliability indices and
validity measures as recommended
in the Standards (1)

Non-medical trainees

Studies in medicinal areas not
related to humans (e.g. Veterinary)
Studies not involving medical
practitioners (eg Dentistry)
Studies not involving humans

Does not include the mini-CEX as
one of the main evaluation targets
Description without evaluation
Implementation studies

Protocols for planned studies

No primary comparative data or not
a systematic review of validity
measures

No primary data or not a systematic
review of validity “outcomes”

Studies without primary data such as
commentaries, editorials, non-
systematic reviews, letters,
editorials, abstracts and dissertation




The “intervention” is an assessment of the clinical competency of a medical trainee by another
individual who gives judgement-related scores about the presence of the competency. The mini-
Clinical Evaluation Exercise (mini-CEX) is currently a widely used judgement-based assessment used
in the workplace for post-graduate medical education and training, as well as for medical students in
their learning environments. The mini-CEX assessment method uses the opinion of an assessor to
guantify the clinical competence of a trainee using simple specific descriptive items for a number of
complex qualities of competence during a single short and specific assessment encounter, usually in
the clinical workplace. For the mini-CEX that which is intended to be measured should be
demonstrated by a trainee during the assessment and also accurately observed by an observer
(assessor). The assessment is applied to an individual in a local medical working environment. The
accuracy and reliability of the assessment is dependent not only on the individual trainee but also the

context and the assessor.

Therefore the primary research studies to be included for the evaluation process will be examining the
reliability/precision evidence for the use of the mini-CEX as an assessment method. This will include
studies evaluating multiple types of WBAs and includes the mini-CEX in that evaluation. Studies not
included are those that do not include the mini-CEX as one of the main evaluation targets, description
studies without new primary data, implementation studies without new data and protocols for planned

studies.

1.1.4.1 Types of study to be included

All primary research studies related to or involving evaluating any form of reliability/precision
evidence about the mini-CEX interpretation and use are to be appraised with initially no restriction on
the type of design. The study designs needed for reliability/precision evidence for the review will be
identified during the data-extraction and appraisal. All designs irrespective of the presence of nesting

and crossing will be included for the initial full text appraisal.

1.1.4.2 Context



Medical education at all levels of training, including both undergraduate and postgraduate training.
All medical educational settings will be included, for example undergraduate, postgraduate, all types
of Hospitals, as well as outpatient settings and general practice. All population settings and countries
will be included. Context in any form is not an inclusion or exclusion criteria. Cross-sectional and
context dependent studies generally are the norm for validity studies involving workplace-based

assessments.

1.1.4.3 Reliability measures for inclusion

Inclusion criteria were studies with reliability coefficient (G) and standard error of measurement
(SEM) for varying numbers of workplace-based assessments using G and D Studies. Reliability

coefficients as ratios and their SEM to be used as effect outcome for each item of the mini-CEX.

The “gold standard” design and analysis to obtain a reliability coefficient is the application of
Generalisability Theory to identify and separate the undifferentiated error of classical test theory into
the main sources of systematic error in measurement processes. A simplified understanding of this
design is that all data is obtained for all possible combinations between examinees, examiners, cases
and items in cells of a data matrix without missing variables. Various forms of analysis of variance
(ANOVA) can then be performed on the individual data (represented in crossed design matrix cells)
without any inseparable overlap between variable data from each individual cell within the matrix.
This allows the design of a study to obtain a reliability coefficient with the numerator term only
related to the variance due to the subject, with all other variance in the denominator added to the
subject variance. Hence the reliability coefficient for that assessment score will indicate the reliability
of the assessment to identify only variance due to the subject. The main “outcome measure” was a
reliability coefficient suitable for the question and design of the study, and all associated variance
components. The other reliability measures described above were considered acceptable if appropriate
for the question, study design and data-set. The “gold standard” for the reliability coefficient is that
obtained using a Generalisability study from a fully crossed study design. This methodology is more

likely to provide a reliability coefficient that measures the variance due to differences in the clinical



competence of the junior doctor as the only variable in the numerator of the reliability coefficient, and

all other sources of variance in the denominator plus the variance associated with the junior doctors.

1.1.5 Study selection

1.1.5.1 Titles and abstracts selection

Titles and abstracts were reviewed with broad inclusion and exclusion criteria applied for full article
retrieval: (1) any study undertaking any form of research or evaluation of the mini-CEX; and (2) all
papers with any form of reliability measure and a population of any type of medical trainee.
Exclusion criteria were non-systematic review articles, editorials, qualitative studies, and general or
implementation discussions. The full papers for non-systematic reviews were obtained to view the
bibliographies for relevant articles. The full text of all the remaining papers were obtained and read
for a second round of inclusion and exclusion criteria application in view of the initial broad inclusion
criteria. Any relevant study, in any language, and from any time period (dating from the beginning of
each data-base) were to be included. The inclusion criteria in the second round selection process were
to limit articles to primary research, those having any form of reliability estimates of the mini-CEX
and to any type of medical practitioner or trainee. The reliability measures that were considered
acceptable included: the Intraclass correlation coefficient (ICC)(21), Pearson correlation(21), Kappa
coefficient in one of its recognised forms(22)***(23)"*"(21), Generalisability Theory analysis(21;24-
28), internal consistency for the appropriate question and design(21;29;30), inter-rater
reliability(31)"***(21)""*', intra-rater reliability(21), test-retest reliability(30)"***(21), stability over
time(32)*'*"(21), and/or the method of measuring agreement of Bland and Altman for the right study

question(33).

1.1.5.2 First full text study selection

Titles and/or abstracts of studies retrieved using the search strategy and those from additional sources
will be screened independently by two review authors to identify studies that potentially meet the
inclusion criteria outlined above. The full text of these potentially eligible studies will be retrieved
and independently assessed for eligibility by two review team members. Selection of studies will be

performed independently by two coders (DM and JS). Disagreement will be resolved by discussion



after independently stating the reasons for the choice. If disagreement persists then a third reviewer
will arbitrate. Study selection and data extraction will not be blinded to authors and journal.
Standardised, pre-piloted digital tables will be used to extract data from the included studies for

assessment of study quality and evidence synthesis.

1.1.5.3 Specific question related full text study selection

All full-text studies selected will be evaluated for the presence of indicators of measures reliability and
precision. Studies having one or more of the expected measurements will be included for full study

appraisal and analysis.

1.1.6 Study Quality and bias potential

Although standards for Educational and Psychological Testing have been established and continually
reviewed for many decades (34), an equivalent process for assessment in medical education has not
been well promulgated. Nevertheless, an optimal and substantive reliability study has been identified
as needing a number of measures with support information (35). The set of requirements identified by
Crossley and colleagues are to ensure that(35): (1) all relevant factors are sampled, and that the
sampling meets Generalisability theory’s assumption that the conditions represent a random and
representative sample of the factor’s ‘universe’; (2) large samples of each factor to allow adequate
generalization; (3) a Generalisability study and a Decision study using a Generalisability Study design;
(4) for unbalanced designs and randomly missing data, either urGENOVA(26), or one of minimum
norm quadratic unbiased estimator, (MINQUE), maximum likelihood or restricted maximum
likelihood(36); (5) the mathematical procedure used and the degrees of freedom of the effect estimates
are stated; (6) the regression model used is described and justified; (7) raw variance components are
presented; (8) standard error of measurement (SEM) and/or reliability coefficients are presented, with
the equations used to calculate them(30)P2°%(21)"'#; (9) the method of reporting reliability (precision
or discrimination) is appropriate to the purpose of the assessment with a precision indicator such as
SEM and the associated confidence intervals (C1)(30)(35); and (10) confidence intervals (CIs) for the
reliability coefficient are reported(37). In addition statistical issues related to test reliability evaluation

including consideration for the assumptions made for statistical purposes when applying ANOVA or



correlation(38). A sufficient sample size for the evaluation of the reliability of assessment for any
measurement method is preferable to minimise idiosyncratic random error and allow appropriate
application of statistical tests(2)"**%. Variations on the fully crossed design should be interpreted in
the light of the potential confounding and bias, with subsequent inferences confined to the imitations
due to the design. Because of the potential for bias in workplace evaluations, all variance components

should be fully reported to substantiate any inferential claims about reliability of an assessment.

1.1.6.1 Study Quality and potential for bias for G and D Generalisability Theory studies

A generalizability (G) study is used to separate and estimate variation in a trainee’s assessment result
due to the trainee. The design also separates out as many other causes of variation of the measurement
as is feasible within the limitation of sample size and method design. An unbalanced nested study
design is often the only feasible design for workplace-based assessments, so the total variance
measured is that due to the trainees plus variance not due to the trainees, that is, measurement error
(24;39). Each characteristic of the measurement situation, for example the test form, test item, rater,
test occasion, and so on, is called a “facet” in Generalisability Theory (39). Facets can be a cause of
variation for the assessment result on each occasion. In an unbalanced nested design the variance
from the facets are all included in the error measurement and cannot be separated, including their

interactions (26;40).

A decision (D) study uses the information provided by the G-study to design the best possible
application of the measurement for a particular purpose, including the number of assessments needed
to maximise the variance of the assessment result due to the trainee and minimise the error variance
due to the facets. The increase in score variance due to the trainee from an increase in sampling is
expressed by a calculated G-coefficient from the original data. When planning a D-study for an
unbalanced and nested design, the population to which the results refer is defined, the facets causing
error variance from the measurement conditions are defined, and specifies of the proposed
interpretation of the measurement is made clear (39). The decision maker uses the information from
the G-study to evaluate the effectiveness of alternative designs for minimizing error and maximizing

reliability of the assessment result for any object of measurement (the trainee) (39). D-studies can use



nested designs for determining sample size which will reduce the estimated error variance and hence
increases the estimated generalizability (39). So from the original data an initial G-Study the G-
coefficient as the reliability coefficient will be determined. The D-Study will provide the method to
calculate the number of assessments that would provide a G-coefficient of an acceptable level. For
this review the acceptable reliability coefficient will be > 0.80. For other designs, additional types of
information could also be obtained about other facets such as the type of rater, the test form and type

of trainee (24,26;39;40).

Although standards for Educational and Psychological Testing have been established and continually
reviewed for many decades (34), an equivalent process for assessment in medical education has not
been well promulgated. Nevertheless, an optimal and substantive reliability study has been identified
as needing a number of measures with support information (35). The set of requirements identified by
Crossley and colleagues are to ensure that(35): (1) all relevant factors are sampled, and that the
sampling meets Generalisability theory’s assumption that the conditions represent a random and
representative sample of the factor’s ‘universe’; (2) large samples of each factor to allow adequate
generalization; (3) a Generalisability study and a Decision study using a Generalisability Study design;
(4) for unbalanced designs and randomly missing data, either urGENOVA(26), or one of minimum
norm quadratic unbiased estimator, (MINQUE), maximum likelihood or restricted maximum
likelihood (36); (5) the mathematical procedure used and the degrees of freedom of the effect
estimates are stated; (6) the regression model used is described and justified; (7) raw variance
components are presented; (8) standard error of measurement (SEM) and/or reliability coefficients are
presented, with the equations used to calculate them (30)P?°%(21)P**?; (9) the method of reporting
reliability (precision or discrimination) is appropriate to the purpose of the assessment with a precision
indicator such as SEM and the associated confidence intervals (Cl) (30;35); and (10) confidence
intervals (Cls) for the reliability coefficient are reported (37). In addition statistical issues related to
test reliability evaluation including consideration for the assumptions made for statistical purposes

when applying ANOVA or correlation (38).

1.1.6.2 Specific question related full text study selection



Inclusion criteria were studies with a reliability coefficient (G) and standard error of measurement
(SEM) for varying numbers of workplace-based assessments using G and D Studies. Reliability
coefficients as ratios and their SEM are to be used as effect outcome for each item of the mini-CEX.
A systematic review (20) identified the need for at least 10 assessments to achieve adequate reliability.
Therefore the reliability coefficient for 10 assessments will be used as the primary outcome measure.
This number was chosen since a literature review using systematic review methodology (20) identified
the need for at least 10 assessments to achieve adequate reliability. However, in an unpublished
review of studies up until the end of 2009, the number of mini-CEX assessments needed to achieve an
R>0.80 ranged from 5 to 50 assessments (see Supplement - 2010 Narrative review of the reliability of

the mini-CEX).

The specific outcome measure was chosen with the intent of achieving the review aim of identifying
information that is of practical utility to any assessment program and that will provide a measure for
quality evaluation, feedback to program directors about comparable reliability and an ability to

provide simple benchmarking measures. Studies having one or more of the expected measurements

will be included for full study appraisal and meta-analysis.

1.1.7 Data extraction (selection and coding)

General extracted information will include: the variables and characteristics detailed in Tables. Two
review authors will extract data independently (DM and JS). Discrepancies will be identified and
resolved through discussion (with a third author where necessary). Authors of eligible studies will be
contacted to provide missing or additional data if it is relevant to an important synthesis whether

narrative or meta-analytic.

1.1.8 Strategy for data synthesis

A quantitative and descriptive synthesis is planned.

1.1.8.1 Narrative synthesis



A narrative synthesis of the findings from the included studies will be structured around the context of
the assessment, population characteristics of assessor and assessee, and the content of the outcomes as

detailed in the data-extraction details and tables.

1.1.8.2 Meta-analytic assessment information

We anticipate that there may be limited scope for meta-analysis because the examination of internal
structure of judgement-based assessments such as the mini-CEX has not been commonly employed
(41). However if more recent studies have examined this aspect of validity evidence then a random-

effects model will be used given the potential for methodological variability across studies (42).

Reliability coefficient (G) and standard error of measurement (SEM) from Generalisability Theory
studies will be the effect size evaluated for a meta-analysis. The reliability coefficient (a ratio) and
SEM to be used as effect outcome for each item of the mini-CEX. As described above the arbitrary
number chosen was the reliability coefficient for 10 assessments for the outcome. However because
the ideal number remains unknown, the primary studies were also evaluated for other numbers of
assessments needed for which sufficient data is available. The intent was to identify the number of
assessments needed for the summed mean score, the overall performance score and scores for each

individual competency.

Aggregate participant data was to be used. A meta-analysis would require appropriate data described
above and the measures from the available studies be sufficiently homogeneous. The software for the

data-synthesis will be Comprehensive Meta-analysis Version 2.2.064.

The meta-analysis was to be performed using the random-effects model for each selection strategy and
all outcomes without pooling. Sensitivity analysis was by repeating the statistics with each study

removed.

Heterogeneity analysis was to be performed using tau-squared, the Q-statistic, and I-squared.
Heterogeneity for pooled measures for the meta-analysis was to be assessed by computing the ¥
statistic (Cochrane's Q), and with p values < 0.10 as indicative of statistically significant heterogeneity

(43). Any observed heterogeneity was also evaluated by computing the I? statistic and will consider



values of 12 <25%, <50%, and <75%, as indicative of low, moderate, and high degrees of
heterogeneity, respectively (44). The potential for significant heterogeneity was anticipated as shown

in a previous systematic review of validity evidence for criterion validity (45).

Sensitivity analyses based on study quality and bias potential was planned to be based on stratified
meta-analyses to explore heterogeneity in effect estimates according to study quality, study
populations and the contexts of assessments. Evaluation of evidence for the possibility of publication
bias used the traditional funnel-plot method (43). However, since the funnel plot is a simple scatter
plot of the intervention effect estimates from individual studies against some measure of each study’s
size or precision (43), it is anticipated that it may not be useful if small numbers of studies are only

identified. It will be used to identify the presence of outliers.

1.1.8.3 The number of assessments for an acceptable minimum reliability

The number of assessments for a minimum acceptable reliability is the number of assessments for an
acceptable minimum adequate reliability level of R = 0.80 (NAAMAR)? was to be calculated for each

study for which either variance components or a G-coefficient for one study is available.

1.1.8.4  Analysis of subgroups or subsets

If sufficient studies are available analysis of subgroups including the professional type, the level of
training, and the gender of the assessor and trainee will be performed. Similarly different settings such
as country, acute or primary care sector, professional or family care and different types of study (e.g.

randomised or non-randomised) will be evaluated if possible.

’NAAMAR = = Gzerror/ {(stubjects/0-8) - stubjects}
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