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ABSTRACT

Introduction: The development of clinical reasoning is crucial for medical students and practitioners, as it enables quality medical practice and
rational case investigation. This process combines intuitive and analytical reasoning, adapting to the complexity of cases. During medical training,
students progress from formulating diagnostic hypotheses to developing “scripts” of diseases. With the technological advancements in medicine,
understanding how clinical reasoning adapts is essential to ensuring high-quality healthcare.

Objective: This study aims to analyze clinical reasoning assessment practices, identifying gaps and areas for improvement in evaluation methods
to promote more effective curricula.

Method: This study reviews the primary methods of assessing clinical reasoning in doctors and medical students. Using an integrative review
methodology, articles and essays published in the last twenty years, in any language, that discussed or compared assessment tools were selected.

Result: Of a total of 6,150 initially identified studies, after removing duplicates and evaluating titles and abstracts, 244 were selected. These articles
underwent full reading, and a total of 122 articles were included in the review. The most commonly used methods are multiple-choice questions
(MCQs), script concordance testing (SCT), and objective structured clinical examinations (OSCE), with over ten different assessment formats found
and discussed.

Conclusion: Assessment instruments, besides providing objective grades for students, shape behavior and are thus fundamental for the
increasingly better training of doctors. Numerous methods are currently being researched, while others, such as the script concordance test,
are being widely implemented. This study contributes to the effort of compiling all existing literature data and discovering which methods, in
aggregate, are considered the most reliable and valid.
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RESUMO

Introducéo: O desenvolvimento do raciocinio clinico é crucial para estudantes e médicos, pois permite uma prdtica médica de qualidade e investigagédo
racional de casos. Esse processo combina raciocinio intuitivo e analitico, adaptando-se a complexidade dos casos. Durante a formag¢ao médica, os
alunos passam por fases de elaboracao de hipoteses diagndsticas até o desenvolvimento de scripts das doengas. Com o avanco tecnoldégico na medicina,
compreender como o raciocinio clinico se adapta é essencial para garantir cuidados de satide de qualidade.

Objetivo: Este estudo visa analisar prdticas de avalia¢do do raciocinio clinico, identificando lacunas e dreas de melhoria nos métodos avaliativos para
promover curriculos mais eficazes.

Método: Este estudo revisa as principais formas de avaliag¢éo do raciocinio clinico em médicos e estudantes de Medicina. Utilizando uma metodologia
de revisdo integrativa, foram selecionados artigos e ensaios publicados nos ultimos 20 anos, em qualquer idioma, que abordavam comparagées ou
discussées sobre instrumentos de avaliagéo.

Resultado: Do total de 6.150 trabalhos inicialmente identificados, apds a eliminagdo de duplicatas e a avaliagéo dos titulos e resumos, selecionaram-
se 244 artigos que foram submetidos a leitura completa. Na revisdo, mantiveram-se 122 artigos. Os métodos mais utilizados sdo questées de muiltipla
escolha (QME), teste de concorddncia de scripts (TCS) e exame clinico objetivo estruturado (OSCE), e mais de dez formatos de avaliagdo foram encontrados
ediscutidos.

Conclusao: O instrumento de avaliagéo, além de poder providenciar notas objetivas para os alunos, molda o comportamento e, portanto, é fundamental
para a formacgéo cada vez melhor de médicos. Inimeros métodos tém sido pesquisados no momento, e outros, como o TCS, estdo sendo implementados
em larga escala. Este estudo contribui para o esforco de compilar todos os dados existentes da literatura e descobrir quais métodos, no agregado, séo
considerados mais confidveis e vdlidos.
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INTRODUCTION

Clinical reasoning is a complex concept, defined as the
process by which physicians integrate theory and practice
to formulate diagnostic hypotheses and plan interventions.
This process involves data collection, hypothesis review,
and continuous adaptation until confidence in the decision
is achieved. Clinical reasoning is influenced by context,
experience, and institutional factors, making decision-making
complex and uncertain.?

Evaluating clinical reasoning in medical education
is challenging. Structured methods are essential to train
physicians capable of making informed decisions. Daniel et
al. (2019), in their scoping review, explored a wide variety
of evaluation strategies applied to physicians and medical
students, highlighting everything from simulations to practical
performance evaluations.'* This study aims to complement this
approach, focusing on the rigorous selection of studies with
high methodological control, aiming to expand the analysis of
how these tools impact clinical training.

Errors in clinical reasoning can lead to misdiagnosis,
inappropriate treatments, and high costs to the healthcare
system.? Statistics show that the rate of diagnostic error in
medical emergencies, for example, can reach 10-15%, and that
many of these errors are of cognitive origin, involving biases such
as premature closure (stopping looking for new hypotheses
once the diagnosis is made) and the search for confirmation.?
Clinical reasoning can be understood from double processing
models, with System 1 (intuitive and non-analytical reasoning)
being fast and pattern-based, and System 2 (analytical
reasoning) being slower, more deliberate, and logical.? Intuitive
clinical reasoning can be advantageous in situations of high
familiarity with the clinical case, but it is also susceptible to
cognitive biases, such as availability and representativeness.*
Analytical reasoning, on the other hand, although more
exhaustive, can be limited by the capacity of working memory,
generating errors due to the excess of information.? Both types
of reasoning are present in clinical practice, and educational
strategies that promote the combination of the two processes
have shown moderate benefits in error reduction.?

Within this context, clinical reasoning emerges as
fundamental to effectively deal with diagnostic errors.
Recognizing its crucial role, internationally recognized research
and science institutions have advocated for improvements in
both clinical reasoning teaching and assessment, recognizing
its importance in medical education. However, despite this
recognition, deficiencies in the understanding of clinical
reasoning concepts persist among many medical students and
residents, highlighting possible gaps in both undergraduate
and graduate medical studies®.

Miller's pyramid describes four levels of clinical
competence: ‘Knows, ‘Knows How, ‘Shows How’ and ‘Does,
highlighting the progression from theoretical knowledge
to practice. Evaluations must follow this evolution, testing
everything from factual knowledge to application in real
scenarios. Moreover, recent reviews, such as the one by Cruess
et al.5, proposed the inclusion of a fifth level, Is, which reflects
the physician’s professional identity, highlighting that being a
physician involves not only ‘doing; but also incorporating the
attitudes, values and behaviors that define medical practice.
This addition to the pyramid highlights the importance of
the formation of professional identity, a process that goes
beyond simple technical performance, encompassing the
internalization of the ethical and moral values of the profession.
The evolution of clinical reasoning skills in medical education
highlights the importance of balancing formal training and
practical experience, recognizing the value of experiential
knowledge alongside traditional curricula.”=®

It is important to emphasize that one of the main
objectives of an assessment in this teaching-learning context
is to promote stimuli to develop certain behaviors in students
so that with these habits being formed, they are good
doctors, and this process begins both in the classroom at the
beginning of an undergraduate course and in the process
of continuing education that occurs after graduation until
retirement. According to Bacchi et al.,'® students’ behavior
changes depending on the evaluation format they will take.
In their study, the students reported they prefer to study
through books and websites for multiple-choice question
tests, but value face-to-face teaching from local consultants
to study for the Script Concordance Test (SCT), that is,
changes in the evaluation format can change habits, and
consequently, can result in a significant change in the ways
of learning and teaching medicine.

In the current context, in which medicine is undergoing
significant transformations due to technological advances,
especially with the increase in the use of artificial intelligence
tools in the health area', assessing how clinical reasoning is
evolving and adapting to these changes is extremely important
to ensure the quality of medical training and health care.

The objectives of this study are to review the literature
regarding the practices adopted for the evaluation of the
development of physicians’ and students’ clinical reasoning, as
well as to identify gaps in the evaluation formats and possible
areas of improvement, contributing to the improvement of
curricula and teaching and evaluation methodology, aiming
to promote a more effective development of clinical reasoning
among future physicians, promote more efficient clinical
practices and ensure quality health care.
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METHOD

This is an integrative literature review carried out with
the objective of answering the following guiding question:

«  What are the main ways of assessing the
development of clinical reasoning in physicians and
medical students?

The methodology used in this integrative review was
adapted from the methodology proposed by Mendes et al.’? and
adopted by several other authors. This methodology consists
of six steps: 1. creation of the research question; 2. definition
of inclusion and exclusion criteria; 3. List of information to be
extracted; 4. Evaluation of the included studies; 5. Interpretation
of the results; and 6. presentation of the review.

A search for scientific publications was carried out in the
PubMed, Scopus, Embase, Web of Science, Lilacs, and SciELO
Citation Index databases, as shown in Chart 1. Subsequently,
duplicate studies were eliminated. Then, the studies were
evaluated through their titles and abstracts using the Rayyan'
electronic platform to verify whether they met the inclusion
and exclusion criteria.

Articles from the last twenty years were selected,
without language filters, which compared or discussed the
evaluation of clinical reasoning. The databases consulted,

Chart 1. Search keys.

shown in Chart 1, predominantly include articles with titles
and abstracts in English and Portuguese. In addition, the
keywords used were formulated in English and Portuguese,
which may have limited the retrieval of articles published in
other languages.

Articles outside the guiding question, editorials,
comments, other health professions, and studies on teaching

without evaluation methods were excluded.

RESULTS AND DISCUSSION

The search identified 6,150 studies. After eliminating
duplicates (2862 articles) and evaluating titles and abstracts, 244
were selected for full reading. Figure 1 shows the process used.™

Among the articles selected for the review, it was
observed that the year 2022 had the highest number of selected
articles (n = 14) and that the articles that comprised the period
2014-2023 represented 68.85% of the total number of articles,
compared to 31.15% in the years 2003-2013. This growing
trend of publications over the years suggests an increasing
interest and a greater reflection on the methods of evaluating
clinical reasoning in the contemporary scientific scenario. The
increase in the number of studies since 2014 reflects the greater
appreciation of the evaluation of clinical reasoning.

Database

Search key

Field

Pubmed

Scopus

Embase

Web of Science

(("clinical reasoning”) and (“measurement” or “evaluation” or “assessment” or “examination” or
“assessing” or “exam” or “test” or “tests” or “testing” or “judgment” or “appraisal” or “analysis” or
“performance”) and (“medical education” or “resident” or “residents” or “medical student” or
“medical students” or “physician” or “physicians” or “medical doctor” or “medical doctors” or
“medical school” or “medical schools” or “internship” or “intern” or “interns” or “residency” or
“clerkship” or “attending” or “attendings”))

All Fields

Article title,
Abstract,
Keywords

All fields

All fields

Lilacs

((("clinical reasoning”) and (“measurement” or “evaluation” or “assessment” or “examination” or
“assessing” or “exam” or “test” or “tests” or “testing” or “judgment” or “appraisal” or “analysis” or
“performance”) and (“medical education” or “resident” or “residents” or “medical student” or
“medical students” or “physician” or “physicians” or “medical doctor” or “medical doctors” or
“medical school” or “medical schools” or “internship” or “intern” or “interns” or “residency” or
“clerkship” or“attending” or“attendings”)) OR ((“raciocinio clinico”) and (“avaliacao” or“teste” or
“performance” or “desempenho” or “julgamento” or “andlise” or “acuracia” or “prova” or “exame”
or “verificacdo”) and (“estudante de medicina” or “estudantes de medicina” or “internato” or
“interno” or “internos” or “residéncia” or “residente” or “residentes” or “médico” or “médicos” or
“educacao médica” or “ensino médico” or “escola médica” or “escolas médicas”)))

Title, Abstract,
Subject

SciELO Citation
Index

(((“clinical reasoning”) and (“measurement” or “evaluation” or “assessment” or “examination” or
"assessing” or “exam” or “test” or “tests” or “testing” or “judgment” or “appraisal” or “analysis” or
“performance”) and (“medical education” or “resident” or “residents” or “medical student” or
“medical students” or “physician” or “physicians” or “medical doctor” or “medical doctors” or
“medical school” or “medical schools” or “internship” or “intern” or “interns” or “residency” or
“clerkship” or“attending” or“attendings”)) OR ((“raciocinio clinico”) and (“avaliacdo” or “teste” or
“performance” or “desempenho” or “julgamento” or “anélise” or “acuracia” or “prova” or “exame”
or “verificacdo”) and (“estudante de medicina” or “estudantes de medicina” or “internato” or
“interno” or “internos” or “residéncia” or “residente” or “residentes” or “médico” or “médicos” or
“educacao médica” or “ensino médico” or “escola médica” or “escolas médicas”)))

All fields

Source: Prepared by the authors.
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Figure 1. Results (Constructed with the aid of the Haddaway et al.”® tool and translated into Portuguese).

Source: Elaborated by the authors based on the tool by Haddaway et al.’’.

Validity and reliability are essential in the evaluation
of instruments. Reliability measures consistency and validity
depends on it. Cronbach’s alpha is widely used for this
measurement',

The evaluation of educational instruments requires
reliability and validation to ensure consistent and accurate
results. In the context of this study, Cronbach’s alpha coefficient
was used, which is widely used to measure the internal
consistency of instruments in the area of medical education,
ensuring that the instrument applied reliably reflects the clinical
reasoning skills of medical students and professionals.’

The most common methods were SCT, OSCE, and
MCQ. Digital assessments were also identified, but most of the
methods were mentioned a few times. Below we will describe

the different methods and for a better understanding of the
reader, here is a list of abbreviations:

ART-R - Reconstructed tool for evaluating reasoning;
ASCLIRE - Clinical Reasoning Assessment (electronic test);
CBCRT - Computer-based clinical reasoning training system;
CBA - Multimedia Case-Based Assessment; CCS - Computer-
based case simulations; CDI - Clinical data interpretation; CIP
- Integrative puzzles; CIVA - Clinical evaluation with image
and video; CRANAPL - Clinical reasoning in admission grades
- evaluation and planning; CRI-HT-S - Clinical reasoning
indicators - anamnesis scale; CRC-DP - Clinical reasoning cases
(digital platform); CPX - Clinical performance exam; crSBA -
Context-rich questions with single best answer; CRT - Clinical
reasoning task; CSE - Clinical Skills Exam; DTl - Diagnostic
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Thinking Inventory; DPR - Diagnostic pattern recognition;
EMQ - Extended matching questions; GCE - Graduation
Competency Exam; HFS - High fidelity simulation; IDEA -
Interpretive summary, differential diagnosis, explanation of
reasoning, and alternatives; IGT - Information Gathering Tests;
KF - Key features; LC - Long case evaluation; MEQ - Modified
essay question; NAr - Resident admission grades; NPE -
Standardized post-patient meeting notes; ORT - Observation
rating form; OSCE - Objective Structured clinical examination;
PD-R - Descriptive test with template through rubric; PCE -
Meetings with real patients; PERT - Post-meeting evaluation
tool; SP - Standardized patients; VP - Virtual Patients; MCQ
- Multiple choice question; QRC - Short answer questions;
REACT - Rapid evaluation assessment for clinical reasoning
tool; SAVE - Short answer vignette exam; SCBD - Standardized

Chart 2. Main results.

cases-based discussion; SCOE - Structured clinical oral
examination; SF - Scenario formation; SG - Simulation game;
SRL - Self-regulated learning; SSAR - Summary assessment
rubric; TCSe - Evolving Script Concordance Test; SCT - Script
Concordance Test.

Script Concordance Test (SCT)

Script Concordance Tests consist of brief clinical
scenarios that involve uncertainty, replicating the clinical
reasoning process. Participants are presented with a series of
questions that explore how new information influences their
decisions. The participants’ responses are then compared
with those of a panel of experts, allowing the variability in

the professionals’ responses in different clinical contexts to be
assessed32,33,53—55,61 ,66,68,73,82,87,89,105,112,132

Author - Year Country Evatlggflon Key Points

Aubart et al. - 2020% France SCT Cronbach’s alpha between 0.08 and 0.59.

Bhardwaj et al. - 2022% United States SCT Weak correlation between SCT and various tests of medical
competence.

Blunk et al. - 2019% United States SCT SCT for psychiatry improves students’ clinical reasoning.

Boulouffe et al. - 2014%° Belgium SCT SCT scores depend on the panel used for reference.

Carriére et al. - 20092 Canada SCT Residents approved the representation of cases in the SCT.

Charlin et al. - 20063 Canada SCT The SCT demonstrated efficacy in the evaluation of clinical
reasoning.

Compére et al. - 2016* France SCT Residents' results were lower than experts’results.

Cooke, Lemay and Beran-2017%®  United States TCSe TCSe is considered engaging and close to real cases.

Couraud et al. - 2015% France SCT SCT are an appropriate assessment for continuing education.

Ducos et al. - 2015% France SCT SCT is reliable for assessing clinical reasoning in residents.

Duggan and Charlin - 2012% Australia SCT Reasons for SCT questions being inadequate are not obvious.

Enseretal.-2017% France SCT SCT measured that noise affects residents’ clinical reasoning.

Gagnon et al. - 2005 France SCT 20-member panel for important examinations; more than
10 for acceptable exams.

Gagnon et al. - 2008 Canada SCT Tests that are considered reliable usually include few
questions but cover a larger number of clinical cases (20-30),
while less reliable tests tend to contain fewer cases (4-5
questions) for each set of 25-30 clinical cases.

Gagnon et al.-2011% Canada SCT Results suggest robustness of the methodology, requiring
confirmation in other contexts.

Goémez et al. - 20218 Spain SCT SCT is effective in measuring clinical reasoning.

Gbémez, Sequeros and Spain SCT Supervised SCT can improve pediatric care at home.

Martinez - 2022%°

Goos et al. - 2016%° Germany SCT SCT shows discrepancy between specialists and students in
visceral surgery.

Goulet et al. - 20109 United States SCT The Cronbach’s alpha coefficient for SCT was 0.90.
Indicating a high reliability test.

Hamui et al. - 2018% Argentina SCT First viable experience of SCT on a national scale

(Argentina) in pediatrics.

Continue...
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Chart 2. Continuation.

Evaluation

Author - Year Country tool Key Points

Humbert et al. - 2011%¢ United States SCT SCT differentiates students from different years and specialists.

Humbert and Miech - 2014% United States SCT Students have improved at dealing with uncertainties in
clinical scenarios, as measured by SCT.

Humbert, Besinger and Miech United States SCT SCT shows to be promising in the evaluation of clinical

-2011¢8 reasoning.

Iravani et al. - 20167 Iran SCT The SCT is a reliable tool for assessing clinical reasoning.

Kania et al.- 201173 France SCT Participants found the test realistic, interesting, relevant,
and intuitive.

Kaur, Singla and Mahajan - India SCT Medical students showed high satisfaction with this

20207 method.

Kazour et al. - 20167 Lebanon SCT Students improved their SCT scores by 11% after training.

Kiin-Darbois et al. - 20227 France SCT The global opinion of medical students and faculty about
SCT was globally negative.

Lambert et al. - 20098 Canada SCT SCT is useful for discriminating between participants
according to their level of experience.

Lineberry et al. - 2019% Argentina SCT It explains two hypothetical situations with the potential for
misinterpretation of the SCT responses.

Talvard, Olives and Mas - France SCT Although SCT is a useful method, it can be difficult to

201486 develop.

Marie et al. - 2005% France SCT SCT allows you to differentiate groups of candidates based
on their level of competence.

Mathieu et al. - 20138 France SCT Limitations: Cost and time of development and recruitment.

Meterissian et al. - 2007% Canada SCT Useful test for training and evaluation in general surgery.

Mzoughi et al. - 2018° Tunisia SCT Average scores in the SCT exceeded the reference test.
Correlation absent.

Nomura et al. - 2021 Japan SCT Created and validated SCT in Japanese to assess clinical
education in Japan.

Nouh et al. - 2012% Canada SCT The test was able to differentiate junior residents (R1-R2)
from senior residents (R3-R5).

Omega et al. - 2022% Indonesia SCT SCT was able to discriminate between groups of different
clinical experiences.

Petrucci et al. - 2013 Canada SCT Article presents contradictory results.

Peyrony et al. - 2020%° France SCT SCT scores varied statistically but differences were weak.

Piovezan et al.- 2012 Brazil SCT SCT is feasible and easy to develop, administer, and correct.

Power, Lemay and Cooke - Canada SCT The study showed that SCT can be improved with a written

2016'% Think-Aloud protocol.

Ruiz et al.- 20100 United States SCT SCT can be useful as formative feedback for trainees and
physicians.

Sibert et al. - 20062 France SCT SCT online construct validity is not straightforward.

Steinberg et al. - 2020 United States SCT SCT has limited utility in assessing clinical reasoning among
residents.

Subra etal.-2017"7 France SCT Experts’ scores were higher than students’ scores on all
assessments (p <0.001).

Van den Broek et al. - 201212 Holland SCT Including differential diagnosis resulted in lower reliability,
contrary to expectations.

Wan, Tor and Hudson - 2019'% Australia SCT Candidates’ scores increased with increasing level of clinical
experience.

Wan, Tor and Hudson - 2020'%¢ Australia SCT Test responses reflect thoughts, validating the SCT process.

Wilson, Pike and Humbert - United States SCT Ambiguity in the SCT dimensionality impairs the

2015

interpretation of the scores.

Continue...
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Chart 2. Continuation.

Author - Year Country Evatlggflon Key Points
Wilson, Pike and Humbert - United States SCT Scoring on a 5-point scale is more reliable than on a 3-point
2014 scale.
Yassin et al. - 2021'%° Iraq SCT The junior residents’ score on the SCT did not differ much
from that of the senior residents.
Zavaleta-Hernandez et al. - Mexico SCT Residents showed significant improvement in performance
201112 with clinical experience.

Source: Prepared by the authors.

Among the tools for assessing clinical reasoning,
the most frequently used in the studies that are part of the
review was the script concordance test (SCT). The SCT has
been tested in several areas of medicine, such as psychiatry®,
otorhinolaryngology’'’?, anesthesiology*¢447%,  surgery®#,
pediatrics3?*°, among others. Several studies376067.759294110.117.125
report that SCT was able to successfully differentiate students
according to their different stages of education, such as between
a 5" year student and a first-year one, or between a resident
and a student, and recognize the skills of a specialist in relation
to a resident, for example. This is an important characteristic,
since it reflects the expectation that students and physicians
with a higher degree of experience should perform better than
those who have had a shorter training time. Some authors have
also reported in their results that the SCT can be an assessment
with high degree of reliability measured by Cronbach’s
a I p ha 17,29,30,33,36,37,47,53,59-61,71,73,75,82,84,87-89,91,93,94,98,100,105,106,112,1 29‘

Nomura et al. concluded that SCT works in languages
other than English, such as Japanese®. In addition to these
findings, several authors suggest that SCT is a valid instrument
to assess C”nical reasoning33,36,39,53755,58,74,82,84,87,100,105‘

Although a wide range of studies indicate success when
using SCT, other studies point to divergent results. Some studies
show that the SCT was unable to distinguish the different
levels of education of physicians'°. Many reported that it is too
expensive and/or difficult to construct the questions for the SCT
4586889898122 and that the test reliability measured by Cronbach'’s
alpha iS |OWZO,Z7,39,43,63,64,67,92,95,99,116,122,130'

Some feedbacks on the use by both students and some
teachers were not positive®*”67°, This fact can be explained by
the novelty of the SCT environment and the unusual nature of
the medical reasoning required”. Kelly et al.”® show in their study
that students preferred MCQ to SCT; the students mentioned
familiarity and perceived objectivity with the MCQ format.

Other feedbacks were that they can be useful more
for teaching than for evaluation®, that the construct validity
is limited or ambiguous, compromising the meaning and
interpretation of the SCT scores'%116.129,

Another point to be mentioned is that there was a low
correlation between the SCT and other evaluation formats,
which means that a good grade in the SCT does not imply
that one will have a good grade if another style of evaluation
is applied. Amini et al.”’, found a weak correlation between
the SCT scores and the multiple choice questions (MCQ).
Humbert et al.® found a weak correlation between the
SCT and Step 2 CK scores. Bhardwaj et al.?’ found a weak
correlation between the SCT scores and the USMLE Step 1
and Step 2 tests, among others.

Other findings include those of Mzoughi et al.®" that did
not find a correlation between the scores of the SCT and the
reference cardiology test. Ducos et al.** explain in their study
that the SCT measures different domains of other tests. Groves
et al.%® showed that the SCT and CRP also measure different
aspects of clinical reasoning. This is extremely relevant,
because, in theory, all assessment instruments measure clinical
reasoning, but the literature reveals that there are divergences
in what could be considered clinical reasoning and, as clinical
reasoning is an especially broad term, a more precise definition
is stilllacking. During our review of 122 articles, we observed that
some authors tried to define and characterize the construct in
its parts, from the anamnesis, physical examination, diagnosis,
and so on'021.234448527585104113114123 Qthers assume that it is only
the diagnosis, and for most it is loosely classified within the
large umbrella that this term can encompass.

Several other studies on SCT have been carried out
over the years, ranging from tests on the Likert scale with 3
to 5 points, with the 5-point scale being preferred.'”® It was
investigated whether the students selected the answers on the
SCT (Script Concordance Test) that reflected their actual clinical
reasoning and, in general, it was found that they did'*'. Based on
that, it was suggested to incorporate a think-aloud technique®”
to improve the SCT assessment. Additional difficulties were
analyzed, ranging from divergences in the interpretation of
the question and answer?®, to the vulnerability to the use
of extreme values'® on the Likert scale, to the possibility of
answering the SCT questions without reading the problem
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vignette®, the importance of disclosing the score of the panel
and the standard deviation to have a reference of scores®®, and
even an evolution of the SCT*,

The results of this review indicate that methods such
as the Script Concordance Test (SCT) and the Objective
Structured Clinical Examination (OSCE) are widely used in
the evaluation of clinical reasoning in physicians and medical
students. Daniel et al. (2019) also identified and classified these
methods in their scoping review, highlighting the importance
of different types of assessment, such as practical assessments
and simulations.” The main difference between the studies is
in the methodological approach: while Daniel et al. mapped
a wide range of methods from multiple sources, including
gray literature, our study uses an integrative review with more
restrictive selection criteria, prioritizing studies with greater
methodological control.

Objective Structured Clinical Examination (OSCE)
OSCEs consist of multiple stations where examinees
perform different clinical tasks, using standardized patients,
observer’s assessments, written notes, and other methods
for a comprehensive assessment. This was the second most
common type of evidence found in our literature review.
According to the authors, OSCE is not a test performed
exclusively to measure clinical reasoning, as it involves
anamnesis, physical examination, communication, clinical
reasoning, procedures, and professionalism skills'™. Volkan

Chart 3. Main results.

et al.’”® in their studies, were able to differentiate two major
factors that fit the data well. The first factor was related to
Physical Examination and Anamnesis, labeled as information
collection, while the second factor was related to Differential
Diagnosis/Clinical Reasoning and Patient Interaction, labeled
as reasoning and dissemination of information. Sim et al.'™
highlighted that the students who were analyzed had their
highest grades during the procedural stage of the OSCE and
their lowest grades in the clinical reasoning topic, indicating
that clinical reasoning, in addition to being comprehensive,
has a teaching format that is not so direct.

Numerous researchers consider the use of this
instrument to be positive?24465785123 and many have obtained
good results®* in reliability measured by Cronbach’s alpha.
Volkan et al.''® performed the examination with 9 separate
stations (obstetrics/gynecology, pediatrics, breast examination,
pathology, psychiatry, asthma, radiology, cardiology, and
neurology categories), obtaining good reliability except in the
obstetrics/gynecology and pathology stations.

Berger et al.** carried out a study that states that lay
evaluators, in possession of a rubric, can provide results similar
to medical evaluators. This finding is very interesting because
the financial amount spent on a doctor is expensive, and thus,
could reduce costs when giving grades. Gilkes et al.*” also used
a rubric to evaluate and support the usefulness of a simple
and standardized feedback tool for teaching and evaluating
medical students.

Author - Year Country Evatlggflon Key Points

Behrens et al. - 2018% Chile OSCE Viable collaborative exam for Chilean medical students.

Berger et al. - 2012* United States OSCE Laypeople can evaluate clinical reasoning with appropriate
training.

Durning et al. - 20124 United States OSCE OSCE is a valid format for evaluating second-year medical
students.

Fleiszer et al. - 2017%° Canada OSCE Clinical reasoning improves with clinical practice; evaluation
is feasible.

Gallagher et al. - 2020%¢ United States OSCE OSCE written notes associated with performance in clinical
rotation.

Gilkes, Kealley & Frayne - 20227 Australia OSCE Standardized feedback is useful for teaching and evaluating
students.

Lukas et al. - 20148 United States OSCE OSCE participants obtained higher scores subsequently.

Park et al. - 2015% South Korea OSCE OSCE scores may not reflect a medical student’s clinical
reasoning ability.

Simetal.-2014"4 Malaysia OSCE OSCE measures anamnesis, physical examination,
communication, clinical reasoning, procedural and
professionalism skills.

Volkan et al. - 2004'% United States OSCE A model with two correlated factors fitted the data well.

Source: Prepared by the authors
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Not all studies were positive for the OSCE. In the
perception of Park et al.*® OSCE scores may not reflect a medical
student’s clinical reasoning ability. It further adds that efforts
should be made to improve the assessment of medical students’
clinical reasoning skills using OSCE. Fleiszer et al.*° report that
there are still limitations in the use of rubrics for evaluation, as
they noticed that clinical reasoning, as measured by some of
its “procedural” characteristics, improves throughout the year
of the clinical internship. Rubrics can be created to objectively
assess “procedural” issues, but not for “semantic” issues, i.e.,
aspects such as the effectiveness of clinical reasoning, decision-
making, and the performance of medical procedures would
be easier to measure using a rubric than comprehension,
interpretation, and accuracy in communication.

Multiple Choice Questions (MCQ)

A multiple-choice question in medicine may present a
clinical scenario, followed by a question with several answer
options, usually with five, and only one is correct.

Multiple-choice questions (MCQ) are currently the
most common method’ for evaluation in medical schools. It
is perceived that studies on multiple-choice questions have a
more in-depth character since it is already so widespread, or of
a comparative nature, as they try to compare different methods
with the gold standard to find some correlation.

Silberman et al."™ in their study prepared a tool that
can be a formative assessment of psychiatric reasoning, as a
complement to the various methodologies already available
in this difficult area of education. Surry et al.'"® evaluated
the students’ cognitive dispositions when taking a multiple-
choice test. Coderre et al.*® obtained results that support the
idea that well-designed multiple-choice questions can, in
fact, test higher-order clinical reasoning. Furthermore, they
point out that, when testing clinical reasoning, the wording
of the question or the content remains more important than
the number of alternatives. One of the studies obtained a
questionable degree of reliability measured by Cronbach’s
alpha, indicating that even a gold standard test, depending on
the context in which it was developed or applied, may not be
such a reliable measurement instrument.

Chart4. Main results.

Digital, online and simulation assessments

In recent years, several forms of evaluation have
been introduced, whether based on multimedia and video,
computers, or online. However, it was observed that the
studies are in smaller quantity and may constitute material
for studies in the coming years. This was useful in cases
such as the global Covid-19 pandemic, in which authors
such as Duffy, Tully, and Stanton* adapted the “long case”
version to a 100% digital version, eliminating the physical
exam. However, they concluded that ultimately, the use
of simulated patients alone to develop clinical skills is no
substitute for encounters with real patients. Similar results
were seen in the study by Fink et al.* which concludes that
perceived authenticity and diagnostic accuracy was higher
for standardized patients (SP) than for virtual patients (VP),
although the cognitive load when performing the activity
was equivalent.

The use of a digital platform has numerous advantages
such as the automation of numerous services. Waechter et
al.”** studied a digital platform with clinical reasoning cases,
in which, with only two instructors, they were able to provide
detailed feedback in 376 cases, demonstrating a viable and
sustainable workload. Schaye et al.'”® developed and validated
a high-performance Machine Learning model that classifies
the quality of clinical reasoning in the documentation of
residents’ admission scores in the clinical environment, that
is, they included sophisticated algorithms for evaluation
that greatly reduce the manpower of the evaluation process.
Kotwal et al.”® conducted a similar study, studying the Clinical
reasoning in admission grades - evaluation and planning;
(CRANAPL) tool and found that given the tool’s easy use
and versatility, hospitalist divisions in academic and non-
academic settings can use the CRANAPL tool to evaluate
and provide feedback on the documentation of hospitalists’
clinical reasoning. All of these studies respond to ways in
which educators and clinicians can provide more detailed and
consistent feedback in a feasible and sustainable manner.

Zuo et al.” used a computer-based clinical reasoning
training system (CBCRT) and found that test scores increased
with years of training, i.e., there are indications that the

Key Points

Author - Year Country Evaluation tool
Silberman et al. - 2020'"® United States MCQ
Surry etal.-2018'"° United States MCQ

Tool can be a useful formative assessment of psychiatric
reasoning.

The article evaluates the cognitive disposition of students
when performing an MCQ.

Source: Prepared by the authors.
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Chart 5. Main results.

Author - Year Country Evaluation tool Key Points
Dong et al. - 2020% China Cccs Resident CCS scores decreased with years of training.
Jerant and Azari- 200472  United States Ccs CCS software scores (D&X Clinician) seem to have no criterion
validity.
Kotwal et al. - 201978 United States CRANAPL Hospitalists may use CRANAPL to evaluate clinical documentation.
Lai et al. - 20228 Taiwan SP Getting the “most likely diagnosis” correlates with different skills.
Pottier et al.- 2016'" France SP Global evaluation is preferred for speed and effectiveness.
Zuoetal.-2021'% China CBCRT Scores increased with training.
Source: Prepared by the authors.
Chart 6. Main results.
Author - Year Country  Evaluation tool Key Points
Kunina-Habenicht et al.- 2015%°  Germany ASCLIRE It is argued that ASCLIRE measures a third construct.
Schauber et al. - 20217 Germany ASCLIRE Diversity of response formats is essential in the evaluation.

Source: Prepared by the authors

software is evaluating coherently, being able to differentiate
students in their different stages of training.

Dong et al.*? used computer-based case simulations (CCS)
with the DxR Clinician software and suggested training actions,
as the residents’ scores were lower than the international scores.
This implication is extremely relevant, since with standardized
software systems it is possible to analyze and evaluate different
institutions worldwide and create systems to ensure universal
quality medical education. Fida and Kassab %, also used the
same software and reported that it has good internal consistency
reliability and that it measures the student’s clinical competence
in a construct related to those measured by the OSCEs. However,
it seems that CCS scores measure a different construct than that
measured through encounter-with-real-life patient examinations,
i.e, CCS is reliable and measures clinical competence but may
not fully capture the skills assessed in encounters with real
patients. Another, older study by Jerant and Azari’ reports that
the automated diagnostic reasoning scores generated by a
widely available CCS software (D&X Clinician) appear to have no
criterion validity. This implies that, despite the great potential of
the tool, more studies are needed to ensure that the use of these
new study methods is reliable for use on a global scale.

A new approach was found in the study of Fonteneau et
al>'in which it uses gamification concepts to build a Simulation
Game (SG) and compares it to a high-fidelity simulation (HFS)
and multiple choice questions (MCQ). The authors concluded
that the used SG better reflected the clinical competence
of students on HFS than an MCQ in the same clinical case of
pediatric asthma exacerbation. Moreover, they add that the
students appreciated the game as an evaluation method.

Sulaiman and Handy''® performed a Clinical Evaluation
with Image and Video (CIVA) and found a strong correlation
between the new method (CIVA) and the OSCE (r = 0.83, p <
0.001).Kim et al. did a Multimedia Case-Based Assessment (CBA)
and concluded that the CBA more strongly stimulates data
analysis and synthesis than other evaluation instruments such
as modified essay questions (MEQ) and clinical performance
examination (CPX).

Kunina-Habenicht et al®® conducted a study using
an electronic form called the Clinical Reasoning Assessment
(ASCLIRE) and tested the construct validity. Correlations were
calculated with variables that were external to the test under
study, such as MCQ and OSCE results, and no strong correlations
were found. In fact, ASCLIRE correlated to approximately the
same extent with MCQ and OSCE results, just as these two
correlate with each other. Given that most agree that MCQ
and OSCE measure different aspects of clinical reasoning
(declarative and procedural knowledge, respectively), itis stated
that ASCLIRE measures a third construct. Schauber et al.’”” also
used the same electronic form and concluded that there is not
a generally “more valid” response format than another to assess
clinical reasoning. Exclusive use of one format may impair the
validity of the test. The diversity of response formats is essential
in the conception of evaluations in medical education, as it is
not the format alone, but the task as a whole, that influences
the reasoning processes.

This statement by Schauber et al'” is extremely
relevant, as they consider that evaluation is a method to
condition behavior. The act of combining different formats
has been tested several times by different authors in medical
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Olympiads in Iran'®%%_ Amini et al.'® built an assessment
instrument that combined questions such as: Key Features (KF),
Script Concordance Test (SCT), Clinical Reasoning Problems
(CRP), Comprehensive Integrative Puzzles (CIP). It is noteworthy
that the new test, which encompasses the different question
formats, obtained excellent reliability values using Cronbach’s
alpha method. Sadeghi et al.’® reproduced something similar
to Amini et al.’® and obtained similar results. Monajemi et al.®®
built an assessment instrument that combined questions such
as: Key Features (KF), Script Concordance Test (SCT), Clinical
Reasoning Problems (CRP), Comprehensive Integrative Puzzles
(CIP), Information Gathering Tests (IGT), Scenario Formation
(SF), some innovative ones. However, they found problems
such as unfamiliarity with the tests, too much time to construct
IGT-type questions, and that constructing SCT questions is
not a trivial process, since the questions have to be very well

Chart 7. Main results.

formulated, as they often do not need to read the scenario to
answer the questions.

Joint evaluation methods

The combination of different evaluation methods has
been explored as a strategy to obtain a more comprehensive
and reliable view of students’and physicians’clinical reasoning.
This integrative approach allows you to take advantage of and
compensate for the limitations of each method, providing
a more complete picture of clinical skills. Chart 7 presents
a summary of the main studies that applied joint methods,
highlighting the reliability and key points of each combination.

As shown in Chart 7, the combination of methods
the
educational skills and gaps, and reinforces the importance of

improves reliability of the assessment, identifies

methodological diversity.

IGT and SF

Author - Year Country Evaluation tool Key Points
Aminietal.-2011'¢ Iran KF; SCT; CRP; CIP  Combination of tests shows high reliability.
and New
Amini et al. - 2017" Iran SCT and MCQ A study showed a weak correlation between SCT and MCQ.
Bacchietal.-2019" Australia SCT and MCQ Preference for books and websites for MCQ; face-to-face
teaching for SCT.
Coderre et al. 2004* Canada MCQand EMQ  MCQ test higher-order clinical reasoning.
Compére et al. - 20153 France SCT,MCQand  SCT indicates that educational intervention improves
QRC clinical reasoning in residents.
Covin et al. - 20204 United States CRT, PNS, SSAR  Different instruments measure different components of
and CDI clinical reasoning.
Derakhshandeh et al. - 2018 Iran CRPand MCQ  CRP can be an alternative to measure clinical reasoning skills.
Fida and Kassab - 2015 Bahrain CCS, MCQ, QRC,  CCS scores have good reliability but differ from OSCEs.
OSCE and PCE
Fink et al.-2021% Germany PP and PV PP is superior to PV in authenticity and diagnostic accuracy;
equivalent cognitive load.
Fonteneau et al. - 2020°' France HFS, SG and MCQ SG reflects clinical competence better than MCQ
Flrstenberg et al. - 2020% Germany CRI-HT-S CRI-HT-S is consistent for assessing clinical reasoning.
Groves et al. - 2003%2 United States DTl and CRP DTI may limit diagnostic diversity
Groves et al. - 2013% Australia SCT and CRP CRP and SCT complement each other; useful more for
teaching than evaluation.
Haring et al. - 2020% Holland ORTand PERT ~ ORT and PERT: reliable, valid, weak correlation between
them.
Huwendiek et al. - 2017 Germany crSBA, KF, OSCE  KF more realistic, reliable and efficient than crSBA.
Kelly, Durning and Denton-  United States SCT and MCQ SCT was preferred over MCQ by only a minority of students.
20127
Kim et al. - 201977 South Korea CPX, CBA and Distinct assessments encourage different aspects of
MEQ participants’ clinical reasoning.
Loh et al. - 2020% Singapore SCT and EMQ Experience and training predict after-graduation reasoning
ability.
Monajemi et al. - 2012%° Iran KF, TCS, CRP, CIP,  Problems include familiarity, extensive format, and

formulation of the test.

Continue...
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Chart 7. Continuation.

Author - Year Country Evaluation tool Key Points

Nazim et al. - 2019%2 Pakistan SCT and EMQ SCT and EMQs discriminate apprentices by clinical
experience in urology.

Sadeghi et al. - 2019'% Iran KF; TCS; CRP; CIP;  Combination of tests is recommended for high-risk

New examinations.

See, Tan and Lim - 2014™° Singapore SCT and MCQ SCT distinguishes competencies, but vulnerable to extreme
values.

Williams et al. - 2011'% United States DPR and CDI Student performance increases with years of medical
training.

Ziaetal.-2019™ Pakistan MCQ and KF Limited time affects test reliability.

Source: Prepared by the authors.

Other assessment tools

Other methods were found in a few references,
suggesting that they may be methods that are not so common
in medical education settings or that these methods represent
promising areas for future studies. Key Features (KF)%'33, for
example, are effective for evaluating decisions in specific
clinical situations, but their applicability may be limited in
broader contexts where clinical reasoning is sought to be
evaluated in general. Descriptive tests'” and oral tests''"
offer opportunities for direct evaluation of critical thinking,
although they face practical limitations, such as subjectivity
and lack of standardization.

The Short Answer Vignette Exam (SAVE)® and the ‘one-
minute preceptor’ method' provide immediate feedback
but lack robustness in terms of objective measurement.
Methods such as IDEA (Interpretive summary, differential
diagnosis, explanation of reasoning, and alternatives)?'"'%
and the Diagnostic Thinking Inventory (DTI)*%? are useful for
capturing nuances of diagnostic reasoning, although their
implementation requires specialized resources for detailed
analysis of the results.

Tools such as REACT (Rapid Evaluation Assessment for
Clinical Reasoning Tool)*” and MATCH (Measuring Analytical

Chart 8. Main results.

Thinking in Clinical Health Care)? bring innovations by
integrating reasoning and practical analysis, but their
application still depends on additional validation in different
cultural and educational contexts. Instruments such as the
crSBAs (Context-rich questions with single best answer)®
and the Extended Matching Questions (EMQ)? facilitate the
standardized assessment of knowledge, while Comprehensive
Integrative Puzzles (CIP)®*' and Standardized Patients (SP)'1°
aretoolsthatintegrate practicaland theoretical skills, although
they require time and resources for their implementation.

These methods, although varied, still face challenges
such as the complexity of implementation, the need for
resources, and limitations in the assessment of more complex
skills, highlighting the importance of future research that can
validate and adapt these instruments to different contexts in
medical education.

This study has limitations. Clinical reasoning is broad
and complex, making it difficult to fully address it in a single
review. Furthermore, as this is an integrative review, we did
not perform a detailed methodological analysis of each article,
which may impact the evidence validity. Despite this, the study
contributes by organizing and synthesizing the models for
evaluating clinical reasoning.

Author - Year Country Evaluation tool Key Points

Aagaard, Teherani and United States OMP Preceptors: OMP improves diagnosis, reliability, effectiveness,

Irby's- 2004 and efficiency.

Anderson et al. - 2008 Australia CRP Additional validation is required for application.

Artino et al. - 2014 United States SRL Students are aware, but few apply diagnostic reasoning

strategies.

Baker et al. - 20157 United States IDEA Valid and reliable tool for low-risk formative assessment.

Bano et al.- 20112 Chile MATCH Score increased with experience.

Beullens, Struyf and Belgium DTI Grades, assessed with DT, increased after the clinical seminars.

Damme (2006)?

Continue...
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Chart 8. Continuation.

Author - Year Country Evaluation tool Key Points

Beullens, Stryf e Damme Belgium EMQ EMQ distinguishes specialists from less specialized ones.

-2005%

Blazek et al. - 2014 United States SAVE SAVE is useful in the evaluation of medical students in psychiatry.

Capaldi et al. - 2015% United States CIp Individual CIP did not correlate with multiple-choice tests.

Cheung et al. - 20223 United States NPE Creating scoring rules and guidelines is resource-intensive.

Duffy, Tully and Stanton Ireland LC without Simulated patients is not a substitute for encounters with real

-2023% physical patients.

examination

Im etal.-2016"° South Korea CPX CPX: High reliability, problems with validity.

Peterson et al. - 20227 United States REACT Educational objectives compete with real clinical situations.

Rajeswaran et al. - 2022'% Canada SCOE Positive performance of clinicians in the SCOE, with no
correlation with other evaluations.

Reinert et al. - 2014 United States CSE CSE is valid to evaluate the performance of students in the
surgery internship.

Schaye et al. - 202118 United States IDEA Reliable and easy tool for feedback on clinical reasoning.

Schaye et al. - 2022'%° United States Nar Machine Learning model classifies quality of clinical reasoning.

Shenoy et al. - 2021 United States SOE SOE for formative feedback has educational advantages, as
noted by fellows and faculty.

Simpkins et al. - 2019 United States PD-R Rubric assisted students and teachers in feedback considered
significant.

Sulaiman and Hamdy - United Arab CIVA The strongest correlation was found between CIVA and OSCE

20138 Emirates (r=0.83, p<0.001).

Sutherland et al. - 2019'%° Australia SCBD SCBD has acceptable internal consistency, measures related to
construct.

Thammasitboon et al. - United States ART-R ART-R demonstrated validity as an assessment tool with five

2020™ domains.

Waechter et al. - 2022 Canada CRC-DP Two instructors, with a viable workload, provided detailed
feedback on 376 cases, contributing to the improvement of
students’ performance in clinical reasoning.

Yudkowsky et al.- 2019'3"  United States GCE Non-clinical evaluators score grades with reliability comparable
to clinical ones.

Zegota et al. - 202233 Germany KF Validation of the clinical reasoning test using response theory.

Source: Prepared by the authors.
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The review highlighted that assessment methods such
as the Script Concordance Test (SCT), the Objective Structured
Clinical Examination (OSCE) and multiple choice questions
(MCQ) play key roles in medical education, each contributing
in a unique way to the development and evaluation of clinical
reasoning.The SCT has been shown to be effective in measuring
clinical reasoning ability in uncertainty scenarios, while the
OSCE evaluates the application of theoretical knowledge in
simulated clinical practice contexts. Artificial intelligence brings
advances to medical evaluation, but it still lacks standardization
and adaptation. We recommend that future studies investigate
theintegration of these technologies toimprove the assessment
of clinical reasoning, promoting more effective practices that
are aligned with the current demands of medical education.
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