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Abstract

Aims: the assessment of individual competence in medical education is about
finding a balance between having sufficient resources to make valid and reliable
decisions and not using more resources than necessary. Sequential assessment,
in which more resources are used for borderline performing candidates than for
poorly or clearly satisfactorily performing candidates, can be used to achieve
that balance. Although sequential assessment is commonly associated with
larger groups of candidates to be assessed, in many practical settings numbers
of candidates may be small.

Objective: this article presents a single case design with a statistical model for
the assessment of individual competence that can be used regardless of the
number of candidates.

Method: a worked example of a solution that can be used for an individual candidate,
using simulated data in the zero-cost Open Source statistical program R version
4.0.5., is provided.

Results: the aforementioned solution provides statistics that can be used to make
pass/fail decisions at the level of the individual candidate as well as to make
decisions regarding the length and timing of an exam (or parts thereof) for the
individual candidate.

Conclusion: the solution provided can help to reduce resources needed for
assessment to a considerable extent while maximizing resources for borderline
candidates. This facilitates both decision making and cost reduction in assessment.
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Resumo

Introducao: a avaliacao da competéncia individual na educacao medica consiste
em encontrar um equilibrio entre ter recursos suficientes para tomar decisdes
validas e confiaveis e nhao usar mais recursos do que o necessario. A avaliagao
sequencial, na qual mais recursos sao usados para candidatos limitrofes do
que para candidatos com desempenho insatisfatorio ou claramente satisfatorio,
pode ser usada para atingir esse equilibrio. Embora a avaliacao sequencial seja
comumente associada a grupos maiores de candidatos a serem avaliados, em
muitos ambientes praticos, o numero de candidatos pode ser pequeno.

Objetivo: este artigo apresenta um desenho de caso unico com um modelo
estatistico de avaliacao de competéncia individual que pode ser utilizado inde-
pendentemente do numero de candidatos.

Método: € fornecido um exemplo pratico de uma solucao que pode ser usada para
um candidato individual, usando dados simulados no programa estatistico Open
Source de custo zero R versao 4.0.5.

Resultados: a solucao mencionada fornece estatisticas que podem ser usadas
para tomar decisdes individuais de aprovacao/ reprovacao para cada candidato,
bem como para tomar decisoes individualizadas sobre a duracao e o tempo de
um exame (ou partes dele) para um candidato.

Conclusao: a solucao fornecida pode ajudar a reduzir consideravelmente os re-
CUrsos necessarios para a avaliacao, a0 mesmo tempo que maximiza os recursos
para os candidatos limitrofes. Isso facilita a tomada de decisdes e a reducao de
custos na avaliacao.
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Introduction

Apart from informing subsequent learning
and practice, one of the functions of the as-
sessment of competence in medicine and other
high-stakes settings is to make valid and reliable
decisions regarding progression, and longer ex-
ams are commonly associated with higher validity
and reliability (1). However, given tremendous
pressures on our healthcare systems, not using
more resources for assessment than necessary
is imperative. In addition, validity and reliability
are not constant across the performance range
(2). Sequential assessment, also referred to as
sequential testing, can be used to address these
issues and works as follows.

Performance in an assessment can range from
excellent to very poor and candidates demonstrating
satisfactory or better overall performance (i.e., suf-
ficiently competent) should pass while candidates
demonstrating below-standard overall performance
should not pass the assessment. The standard in
assessment in medical education is usually based
on the concept of borderline candidate, that is: a
candidate passing by the skin of their teeth, demon-
strating a performance almost at the expected
level with some minor issues that would not result
in concerns about patient safety. The further away
a candidate's performance from that standard, the
fewer resources are needed to decide whether the
performance meets the standard.

Although sequential assessment is well known
in the context of larger cohorts of students in an
undergraduate programme, this article demon-
strates that single case design methodology (e.g.,
(2-3)) can provide designs and statistical models
for sequential assessment of individual compe-
tence regardless of the number of candidates.

Method

To illustrate the single case design solution for
sequential assessment, this article uses simulated

data from a hypothetical sequential assessment of
clinical skills with four candidates that comprises
two sits each with two parts and works as follows.

Each of the in total four parts consists of four
candidate-actor encounters (i.e., stations) that
assess the same five criteria that are rated in the
same order across stations on the same integer
scale from 1 (min) to 6 (max). Thus, we obtain five
1-6 ratings about a candidate's performance in
each station or 20 ratings per part. Although sta-
tions within each part focus on different content,
the different parts are comparable in content and
difficulty, and therefore an average of 3.5 over the
20 ratings in any part results in a pass. Additionally,
using a mixed regression model adapted from
Maric and Van der Werff (3) that accounts for
both serial correlation in ratings from the same
candidate (i.e, these are not 20 different candi-
dates each obtaining one independent rating)
and differences between parts and sits within
candidate, we obtain a 90% confidence interval (Cl)
that for below-3.5 average performing candidates
can be used to test H_: i = 3.5 (i.e., the minimum
score needed to pass) at = 0.05 against H: u <
3.5. If the 90% Cl for a candidate includes 3.5, that
candidate returns for the next part (except if we
are already in the last of four parts); if the 90% does
not include 3.5, the candidate in question does
not return for the next part in the same sit but in
the next sit. In sum, the procedure is as follows:

-+ 1stsit part 1. completed by all candidates;

- 1%tsit part 2; candidates who failed to reach
3.5 average performance in 1% sit part 1 but
had a 90% Cl including 3.5;

- 2" sit part 1: candidates who failed to reach
3.5 average performance in 1%t sit part 1
and had a 90% Cl excluding 3.5, plus can-
didates who failed to reach 3.5 average
performance in 1% sit part 2 but had a 90%
Clincluding 3.5, and

- 2" sit, part 2: candidates who failed to reach
3.5 average performance in 2" sit part 1 but
had a 9o% Cl including 3.5.
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All analyses were done in the nlme package

(4) in R version 4.0.3 (5).

Results

Table 1 presents the ratings and average per-
formances for the four candidates in the simulated
example.

TABLE 1 - Ratings and average performances for the four candidates in the simulated example

ID Sit Part Ratings in order provided Average
#1 i 1 3.3334331233433422224 2.85
2 1 4,2,3.34.33.43.33343334234 3.20
2n 2 4,3.24,2,3.3.423.3.343343324 310
#2 1% 1 2,3232333342344343333 3.00
2n 1 54554543353333453344 3.90
#3 1 1 3.4334233343433433444 335
1t 2 4,4/5.3/44.4,3.343.444334444 375
#4 i 1 54,3.3.56:53.55:4.4.4,4.4,4.3.4.3. 4. 4 4.00

To understand decision-making regarding re-

turn for next part / sit, Table 2 presents the 9o%

Cls with interpretation for each of the four can-
didates for each part in which they participated.

TABLE 2 - 90% Cls for the four candidates in the simulated example with interpretation

ID Sit Part 90% ClI Interpretation
#1 15t 1 [2.458; 3.288] return for 27 sit part 1
2nd 1 [2.002; 3.502] return for 2n sit part 2
2nd 2 [2.838; 3.358I fail
#2 1t 1 [2.731; 3.263] return for 2" sit part 1
2nd 1 [3.571; 4.262] pass
#3 15t 1 [3.153; 3.543] return for 1% sit part 2
1 2 [3.549; 3.951 pass
#4 1%t 1 [3.706; 4.300] pass

Candidate #1 performed so poorly in 1% sit
part 1 that a return for the 2™ sit was needed,
and although the 9o% Cl in 2" sit part 1 included
3.5 the 90% Cl in 2" sit part 1 was completely
below 3.5, hence a fail (e.g., in an undergraduate
programme with two sits per year, that could

mean the candidate had to return for the same
assessment next year). Figure 1 presents the
mixed regression model plot for Candidate #1 to
provide a visual of the model used in this article.
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Figure 1 —Mixed regression model plot for Candidate #1 in the simulated example: the blue dots are ratings,

and the red line is the model's intercept for each of three parts taken by the candidate around which the

90% Cl for each part is computed.

Candidate #2 performed so poorly in 1 sit
part 1 that a return for the 2" sit was needed, but
performance in 2" sit part 1 was good enough for
part 2 in the 2" sit not being needed. Candidate
#3 needed both parts in the 1% sit but no 2 sit,
and Candidate #4 needed only 1° sit part 1.

Discussion

Some readers may wonder (i.) why we should not
have all below-standard performing candidates in

part 1 return for part 2, (ii.) whether we should have

barely-above-standard performing candidates
return for another part as well, and/or (iii.) whe-
ther we should average candidate performance
across parts in the same sit instead of treating
them separately. The answer is the same to all
three questions: these too are options in sequential
assessment (which are encountered in practice),
and the setup of any assessment - sequential or
not - should always be decided on in light of the
context in which the assessment is to take place.

As for (i), the rationale behind the setup chosen
for this article has been to raise awareness that
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there are statistical models that can help us decide
not only whether we have sufficient information
for satisfactorily (or higher) performing candidates
to pass the assessment but equally whether per-
formance of a struggling candidate is either such
that we need more information to make a decision
or is so poor that instead of allocating additional
resources to assessment at this point the candidate
should take more time to improve and return for
assessment at a next occasion.

Regarding (ii.), the higher the stakes of an as-
sessment, the stronger the argument in favour of
having barely-above-standard performing can-
didates return for another part to obtain more
information for decision-making, and the 9o% ClI
resulting from the model presented in this article
canin that case be used totest H: 1 = 35 (i.e., the
minimum score needed to pass) at = 0.05 against
H_ u > 3.5 for any candidate with an average score
above 3.5; an interval including 3.5 would then
mean the candidate having to return for another
part while an interval not including 3.5 would result
in a pass. In the example provided, there are no
candidates scoring on average above 3.5 but with
a 90% Cl including 3.5.

Finally, on (iii.), treating parts within the same
sit as separate constitutes a way to acknowledge
that assessments can be learning opportunities
and hence performance may improve from one
part to the next; if the two parts yield very similar
performance the different statistical treatments
should yield more or less the same results.

Neither for excellent performance nor for no-
tably poor performance do we need as many
resources for confident decision-making as we do
for candidates whose performance is borderline.
While not part of the example, it is in practice
possible that even after two sits with two parts
each we have a candidate who consistently had
a 90% Cl including 3.5; performance of such a
candidate has been borderline throughout and
decision-making about this candidate will be more
difficult than for other candidates in this example,
even after a total of four parts, and in such a case

further assessment may have to be considered.

The minimum number of stations needed is
to be determined in the context in which an as-
sessment is to take place. While including large
numbers of stations in each part may be too re-
source-intensive, too small numbers of stations
per part comes will likely come at the cost of
substantial gaps in content covered (reduced
validity) and wide Cls (lower reliability).

Finally, although sequential assessment is com-
monly associated with assessments of clinical
skills such as history taking, physical examination
and problem solving, the concept can be applied
to blocks of written knowledge assessments as
well. For example, if in a set of 300 single-best
answer multiple-choice questions we can create
four blocks of 75 questions that are comparable
in content and difficulty, candidate scoring well
below or visibly above the standard in one block
is likely to do so in other blocks at the time as well;
we may well need a second block when dealing
with a borderline candidate, but for the other two
performances just mentioned that second block
is probably more than what is needed.
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