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Abstract: Introduction: The choice of diagnostic tests in front of a given clinical case is a major
part of medical reasoning. Failure to prescribe the right test can lead to serious diagnostic errors.
Furthermore, unnecessary medical tests are a waste of money and could possibly generate injuries to
patients, especially in family medicine. Methods: In an effort to improve the training of our students
to the choice of laboratory and imaging studies, we implemented a specific multiple-choice questions
(MCQ), called comprehensive MCQ (cMCQ), with a fixed and high number of options matching
various basic medical tests, followed by a certainty-based mark (CBM). This tool was used in the
assessment of diagnostic test choice in various clinical cases of general practice in 456 sixth-year
medical students. Results: The scores were significantly correlated with the traditional exams
(standard MCQ), with matched themes. The proportion of “cMCQ/CBM score” variance explained by
“standard MCQ score” was 21.3%. The cMCQ placed students in a situation closer to practice reality
than standard MCQ. In addition to its usefulness as an assessment tool, those tests had a formative
value and allowed students to work on their ability to measure their doubt/certainty in order to
develop a reflexive approach, required for their future professional practice. Conclusion: cMCQ
followed by CBM is a feasible and reliable evaluation method for the assessment of diagnostic testing.

Keywords: education; diagnostics

1. Introduction

The choice of diagnostic tests in front of a given clinical case is a major part of medical
reasoning. Failure to prescribe the right test can lead to serious diagnosis delays and errors,
especially in family medicine. Furthermore, unnecessary medical tests are a waste of money
and could possibly generate injuries to patients [1,2]. Using open questions or modified
essay questions [3] to evaluate the choice of laboratory and imaging studies allows for
an unlimited range of answers but is time consuming to mark and present considerable
variation in standards of marking [4]. New methods can consistently assess clinical reason-
ing, for example, with think-aloud and concept-mapping protocols [5]. However, given
their complexity, these evaluations are difficult to apply to the regular assessment of large
numbers of students. Thus, multiple-choice questions (MCQs) are frequently used during
university tests and commonly in medical studies examinations in France. They often
require less time to administer for a given amount of material than would tests requiring
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written responses and they have a high level of reliability. Moreover, they display high
potential time—economy advantages for the correctors. In contrast, MCQs allow sight
recognition or random guessing [6—8]. The majority of MCQs test lower-order thinking
skills (recall and comprehension) rather than higher-order skills, such as application and
analysis. Nevertheless, it has been shown that a well-structured MCQ has the ability to
assess higher-ordered thinking [9], as described by Bloom’s taxonomy [10,11]. Creating
high-quality MCQ is time consuming and the work of MCQ authors needs to be constantly
and carefully assessed [12-14].

Certainty-based marking (CBM) is another tool that can be used in the educational
field. CBM is also known as confidence-based marking. A question is added for each
answer, asking the student to assess the level of confidence in the given answer (i.e., “are
you sure at 60%, 80% or 100%?”) [15,16]. This technique has been used in medical education
to encourage reflection on reasoning prior to making clinical-based decisions [17,18] and
it has already been associated with MCQs [19]. It is thought to enhance deeper levels of
learning at the expense of common learning practices [20,21].

In an effort to improve our students’ training to diagnostic testing, we implemented
a specific type of MCQ, with a high number (107) of options matching various basic
medical tests. We called this assessment method “comprehensive” MCQ (cMCQ), because
all possible options reasonably needed by a general practitioner for a given outpatient
situation are given. cMCQ was then followed by a CBM. The aim of the present study was
to explore the feasibility and reliability of cMCQ/CBM to assess the choice of laboratory
and imaging studies in front of various clinical cases.

2. Methods
2.1. Participants

This prospective study was conducted in October 2017, at Lille University School
of Medicine. The study was approved by the local Institutional Review Board (“Conseil
de Faculté”). Students were informed orally and with a written protocol about study
proceedings, on a voluntary basis. cMCQ/CBM scores did not account for official faculty
assessment. The experimental questions were submitted to students right before the
standard tests. All data were anonymously analyzed. Overall, out of the 498 students
attending their sixth year of medical school, 456 students agreed to participate (91%) and
were included in this study. In the whole year group, twenty-three students were not
attending the faculty test and nineteen denied participation. The results of this study were
presented to students at the end of the academic year.

2.2. Procedure and Data Collection Method

Each question in the experimental assessing method was composed of three different
parts. The first one was a short clinical scenario, ending with one of the two following
questions: “In this situation, which diagnostic test(s) is (are) indicated?” or “What are the
“x” diagnostic tests that can confirm your main hypothesis?”, where “x” was a number
set by the author of the cMCQ. The second part was the list of possible diagnostic tests
to prescribe (Appendix A). This list included 108 proposals, corresponding to 107 basic
medical tests, as well as the following proposal “No further examination is necessary”.
They were written to cover all possible options reasonably needed in front of a consultation
in family medicine. The third part consisted of a request for degrees of certainty regarding
the previous answer (CBM). The student could choose one out of six different degrees
of certainty allocated to their response (i.e., 0%, 20%, 40%, 60%, 80% and 100%). This
numerical method is described to be more relevant in the CBM [21]. From a teaching
point of view, asking students to assess their degree of confidence allows us to distinguish
4 types of answers [22]: a/ “serious mistake”: error made with high degree of certainty;
b/“mastered answer”: correct answer with high degree of certainty; ¢/ “ignorance”: error
made with low degree of certainty; d/“weak knowledge”: correct answer given with low



Healthcare 2022, 10, 1558

30f12

degree of certainty. Responses falling into the two last categories are strongly influenced
by randomness.

Only the first part of the cMCQ was modified from question to question, parts 2 and 3
remained unchanged. Two examples of cMCQ/CBM are presented in Appendix B. The
terms and conditions of this experimental assessing method were explained to students
one month before the tests. At that moment, they also received the list of laboratory and
imaging tests (Appendix A), which allowed them to familiarize themselves with the list
in order not to waste time discovering all 107 proposals. Three minutes were allowed for
each question. Two sessions of fifteen minutes each (five cMCQ/CBM) were submitted to
students, right before two standard faculty assessments.

2.3. Scoring Scale

The scoring scale of cMCQ depended on the number of correct answers and was
empirically chosen. In case of a single correct answer, if this answer was chosen, 1 point
was awarded. Knowing that the score could not be negative, 0.2 points were removed for
any incorrect answer ticked. In case of multiple correct answers, 1 point divided by the
number of expected answers was awarded for each good answer (for example, when there
were 4 correct answers, each one valued 0.25 points). Knowing that the score could not be
negative, 0.05 points were removed for any incorrect answer ticked. The score for the total of
10 cMCQ was converted out of 100. In addition to this main mark, the CBM could lead to a
maximum of 2 “bonus” points. The average of all the certainty levels for correct answers was
calculated and corresponded to a maximum of 1 bonus point. For example, if the average
of all the certainty levels for correct answers was 90%, the bonus was 0.9 points (90% = 0.9).
Similarly, the average of all the certainty levels for incorrect answers was calculated and
subtracted from 1, which corresponded to a maximum of 1 bonus point. For example,
if the average of all the certainty levels for incorrect answers was 30%, the bonus was
0.7 points (30% = 0.3; 1 — 0.3 = 0.7). Of course, this scoring scale values the right answers
with high degrees of certainty (“mastered answer”). Nonetheless, and this is more unusual
and, therefore, one of the originalities of this work, the wrong answers given with low
degrees of certainty (“ignorance”) were also valued. It is assumed that in a real professional
situation, the student would have tried to gather additional information or asked for a
peer’s opinion. This scale was designed to minimize the influence of the assessment of
CBM on the student’s final score. It mainly aimed to enlarge score distribution and to
separate students with equal or very close scores.

2.4. Faculty Tests and Context

Standard exams consisted of three-hour sessions with 120 MCQs in the format imposed
for the ECN (Epreuves Classantes Nationales), the national medical examination which takes
place at the end of the sixth year of medical school in France. Each MCQ included a
description of a short clinical scenario followed by five sentences. One to four of these
sentences were correct and one to four were incorrect. Two examples of these MCQs, which
will be called “standard MCQ”, are presented in Appendix C. The scoring scale was as
follows: no mistake: 1 point; 1 mistake: 0.5 points; 2 mistakes: 0.2 points; 3 mistakes
or more: 0 points. Both tests, experimental and standard, were conducted on a tablet
computer (iPad®, Apple Inc., Victor Valley, CA, USA). According to the rules of the ECN,
the evaluation by MCQ on tablet computer is mandatory in France. This allowed us to use
those tablet computers for the cMCQ and CBM. The themes of cMCQ were identical to
those of the faculty tests (rheumatology and infectious diseases).

2.5. Statistical Analysis

We first performed a descriptive analysis on variables of interest. Qualitative vari-
ables were quoted as the frequency (percentage). Quantitative variables were quoted as
mean = standard deviation (SD) when normally distributed or as the median (interquartile
range (IQR)) otherwise. The 95% confidence interval (CI) was calculated using a normal
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distribution. Independence between categorical variables was tested using a chi-squared
test or Fisher’s exact test. Independence between categorical and quantitative variables was
tested using Student’s t-test or analysis of variance. Independence between quantitative
variables was tested using the Pearson correlation coefficient nullity test. Their relationship
was modeled using linear regression. There were no missing data. All tests were two-sided
and the threshold for statistical significance was set to p < 0.05. Analyses were performed
using R software (version 3.3.1, R Foundation for Statistical Computing, Vienna, Austria).

3. Results

The mean age of the 456 students was 24.5 (£2.0) years. During the first session of
15 min, the average time spent on the five experimental questions was 9 min 26 s (£2 min
30 s), with a minimum of 4 min 6 s and a maximum of 15 min. Through the second session,
the average time was 8 min 27 s (2 min 23 s), with a minimum of 3 min 2 s and a maximum
of 15 min. The mean score of the two cMCQ/CBM sessions was 57.7 points (+13.1); the
distribution of the scores is presented in Figure 1A. In comparison, mean score of the two
standard MCQ sessions was 58.9 points (+7.3); the distribution of the scores is presented in
Figure 1B.
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Figure 1. Distribution of the scores obtained with cMCQ/CBM (A) and with standard MCQ (B).
Scores are more spread out with cMCQ/CBM, with a standard deviation of 13.1 versus 7.3 for
standard MCQ.

Figure 2 shows a scatter plot and regression line of experimental and standard scores.
We found a significant correlation between these two parameters (p < 0.0001) and the
proportion of “cMCQ/CBM score” variance explained by “standard MCQ score” was
21.3% (2 = 0.213).

Regarding the CBM, the degrees of certainty were significantly higher for correct
answers (median and quartiles: 90% (80%; 100%)) vs. incorrect answers (70% (60%; 80%))
(p < 0.0001; Figure 3). “Serious mistakes” were easily identified, corresponding to false
answers with high level of confidence. For example, 5.2% of the whole cohort answered
the first question incorrectly with a certainty level of 100%.
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Figure 2. Scatter plot with regression line of individual scores obtained with cMCQ/CBM vs.
standard MCQ. R-squared value is denoted by r?. The two scores are significantly correlated.
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Figure 3. Violin plots of individual levels of certainty for correct and incorrect answers. The dashed
lines show the medians and the dotted lines the lower and upper quartiles. Although the levels
of confidence appear high for incorrect answers, they are significantly higher for correct answers
(p < 0.0001).

4. Discussion

We described the usage of a specific type of MCQ with a high number of options
matching a comprehensive list of diagnostic tests, followed by a certainty-based marking.
This assessment tool was feasible in sixth-year medical students to assess the choice of
laboratory and imaging studies in front of a clinical case of general practice. Our prospective
study was performed on a large number of students, which allowed us to show that cMCQ
and CBM can be easily implemented in a medical school using MCQs on a regular basis.
As the first part of the cMCQ (the short clinical scenario) is the only one to change from
question to question, the framing of a well-structured cMCQ is easy to learn and to perform
for teachers. Given the large number of proposed responses, sight recognition or random
guessing were minimized [23]. Finally, thanks to the CBM, “serious mistake”, “mastered
answer”, “ignorance” and “weak knowledge” could be identified among the students.
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Score distribution was larger with experimental evaluation than with standard faculty
exam. This would facilitate student ranking by reducing the rate of close or identical scores.
Furthermore, cMCQs are very similar to diagnostic test choices in real medical practice,
since most of test prescription is now computer based, offering similar lists of laboratory
and imaging studies. We observed a significant correlation between the results of standard
and experimental methods, presumably because of the impact of the skills and knowledge
of students to correctly answer both MCQ types. Themes in both assessment methods
were matched to minimize the variability that could have been brought by unequal theme
knowledge. The proportion of “cMCQ/CBM score” variance explained by “standard MCQ
score” was 21.3%. The proportion of unexplained variance stayed, therefore, relatively
high, showing that these two methods are different and do not explore the same knowledge.
This can also be explained by differences in skills that are assessed by the two methods.
In addition to its usefulness as an examination, the results of cMCQ/CBM can be used
for other teaching purposes. Mainly, “serious mistakes” feedback could be recognized
individually, in order to deconstruct false knowledge. Of course, a high frequency of 100%
certainty level for an incorrect answer may only indicate a “serious mistake” once a poorly
asked question or erroneous correction was discarded. More broadly, the CBM can also
help in developing a reflexive attitude, taking doubt into account, which is essential in
medical practice [24]. In that regard, the CBM exercise—by valuing “ignorance” in the
scoring scale—induces another relationship to error and can, therefore, facilitate the right
attitude to adopt in real practice: gathering literature or seeking advice from a peer. On
the other hand, being sure of a correct answer indicates potentially lasting knowledge,
which is also valued in our scoring scale. We were surprised by the high overall levels of
certainty. This could be explained by insufficient explanations about CBM from our part to
the students. Furthermore, this was the first time students were confronted with this CBM
exercise. Students could have been overconfident, which is not uncommon among young
doctors. Finally, the thorough preparation of medical students for this major testing can
also be an explanation, as this sixth-year exam is the most important in France, basically
orienting the rest of the students’ professional lives by the ECN final national ranking [25].

Our study has some limitations. Firstly, there is not a specific tool that is fundamentally
objective to assess whether one evaluation method is better than another. Some studies
claim that the optimum number of options for an MCQ is three [26,27], while our study
used more. However, these conclusions should not be of concern, because those studies
assessed the single best response in MCQ, with two distractors and one correct answer.
It seems reductive to limit the problematic nature of the choice of paraclinical exams to
one correct answer to pick up in three propositions. Secondly, as mentioned above, our
scoring system was empirically chosen. The number of points withdrawn per false proposal
selected could have been different, as well as the number of bonus points for the CBM or the
level of certainty to identify serious mistakes. Other scales could have been chosen to give
greater weight to CBM [28]. However, it can be easily adapted for faculty assessment goals.
Then, the optional nature of this experimental evaluation may have influenced the results
but including an experimental evaluation in the official faculty evaluation did not seem
appropriate to us. Finally, the results of the CBM would certainly have been different if the
students had been able to practice this new exercise, which is difficult to apprehend given
the usual university context, where the goal is always to “find the right answer”. From a
purely teaching point of view, it would have also been interesting to ask the students about
their experience during the exam. Future studies will include such an assessment, such
as: “Were you unsettled by the large number of proposals?”; “Were you unsettled by the
CBM?”; and “Did you find this mode of evaluation relevant?”.

To better understand the high overall levels of certainty, students from other fields
should also be evaluated with similar methods. Thus, as future scientists or biology
teachers, the levels of confidence should vary and perhaps subgroups would be identified,
based on the type of careers aimed at by students. Indeed, we expect to uncover significant
discrepancies and probably even hallmarks of the different university subjects when testing
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other students of other series or even medical students undertaking other examinations.
The results we obtained could be, in part, explained by self-confidence. Hence, marked
differences, indeed, appeared in regards to self-esteem between students of health sciences
in another country [29]. Due to the impact of the ranking in “ECN” tests on French
medical students’ future lives and careers, other students could also be less prepared when
taking their own examinations. Moreover, medical doctors are worldwide supposed to
be self-assured, so as to inspire trust in their diagnoses and prescribed treatments [30].
Even if self-esteem seems to be impacted by gender, being significantly lower in female
students [31], the ability of the future medical doctors to convince their future patients
remains essential. However, as clinical decisions require insight and foresight, when both
are lacking, overconfidence and error might appear [19]. When self-assurance can be
beneficial, overconfidence might also be problematic.

Overall, we believe that this work is of interest in three ways. First, the “compre-
hensive” MCQ placed students in authentic situations, close to professional life. Then,
CBM brought an important dimension to the test and can also be a learning tool. Indeed,
doubt management is a skill that is particularly necessary in the field of medicine, where
students (and doctors) must constantly update their knowledge. Finally, this type of ex-
amination test is easy to set up and retains the advantages of the MCQ format. The use of
this relatively innovative method was found to be a feasible and reliable tool to assess the
choice of laboratory and imaging studies in family medicine. Nevertheless, this method of
evaluation, using a comprehensive list of choices followed by a CBM, can be easily applied
to other fields of medicine. Here, we chose 107 general medical tests, tailored to the practice
of general practice, which is thought to be appropriate to sixth-year medical students in
France. Hence, we can definitely create a list of tests adapted to each medical specialty
(hematology, neurology, etc.). Furthermore, such a methodology could also be applied to
the choice of clinical examinations to perform; diagnosis to state; or therapies to propose.
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Appendix A. List of Laboratory and Imaging Studies

“No further test is necessary”
Standard biology (26)

Complete blood count
Reticulocytes

Blood sugar level

Urea

Serum creatinine

Basic serum electrolytes (Na, K, Cl)
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Calcium

Phosphorus

Albumin

Serum protein electrophoresis
NT-proBNP

CPK

Troponin

PT, PTT

INR

D-dimer

Arterial blood gas test total CO2
Lactate concentration

CRP

Erythrocyte sedimentation rate

Liver function tests (ALT, AST, GGT, ALP)
Total bilirubin, unconjugated bilirubin
Lipid profile (cholesterol, triglycerides)
Lipase

LDH

Haptoglobin

Biology related to infectiology (20)

PCT

Urine culture

Sputum culture

Blood culture

Sputum culture for Mycobacterium tuberculosis
Stool culture

Lyme serology

HIV serology

TPHA-VDRL

Anti-HBc Ab

Anti-HBs Ab

Antigen HBs

HAV serology

HCV serology

HDV serology

Chlamydia trachomatis PCR

Mantoux test

Microscopic examination of blood films for malaria
Rapid strep test

Neisseria gonorrheae test (swab)

Biology of other specialties (24)

Lumbar puncture

TSH

T3, T4

Prolactin

Glycated hemoglobin test
Bone marrow examination
Ferritin

Serum iron, total iron-binding capacity, transferrin saturation

ABO and Rh (D) typing
Irregular antibodies
Vitamins B9 and B12
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Immunoglobulin quantitation
Blood immunofixation

Fibrinogen

Factor II and Factor V quantification
Anti-nuclear antibodies
Rheumatoid factor

Cryoglobulin

Complement (CH50, C3, C4)

ANCA

Urine electrolytes

Total quantity of protein in a 24 h urine collection test
Proteinuria/creatininuria index
Anti-transglutaminase IgA

Medical imaging (25)

Chest X-ray

Abdominal X-ray

Bone X-ray of a limb

Cervical spine X-ray

X-rays of the thoracic spine

X-rays of the lumbosacral spine
Radiography of the pelvis

CT scan of the chest without contrast
CT angiography of the chest

CT of abdomen and pelvis with contrast
CT of abdomen and pelvis without contrast
CT of the neck without contrast
Abdominal ultrasonography
Abdominal MRI

Arterial Doppler of lower extremities
Venous Doppler of lower extremities
Supra-aortic trunk Echo-Doppler
Whole body FDG—PET /CT

Cranial CT scan

Head MRI with Gadolinium contrast
Ventilation/perfusion lung scan
Bone densitometry

Bone scintigraphy

CT scan of facial bones
Transfontanelle ultrasonography

Specialized imaging (9)

Dilated fundus examination

Slit lamp examination

Cardiac ultrasound

Bronchial fibroscopy

Colonoscopy
Oesophagogastroduodenoscopy

Capsule endoscopy

Panendoscopy (of upper aerodigestive tract)
Cystoscopy

Others (3)

Urine test strip
12-lead ECG
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e  Pulmonary function testing

Appendix B
Appendix B.1. cMCQ #1

During a general practitioner consultation, you see a 58-year-old patient with lower-
back pain. The pain occurred abruptly during an effort 3 days ago. It is accompanied
by major functional impotence. Coughing and defecation efforts are at the origin of pain
paroxysms. The rest of the clinical examination is normal.

Which diagnostic test(s) is (are) indicated?

Answer: No further examination is necessary.

Comment: Typical uncomplicated lumbago, without any of the so-called “red flags”
signs, no exam indicated.

Appendix B.2. cMCQ #2

You are taking care of a 31-year-old female patient in the emergency room complaining
of pain on passing urine during the past five days with episodes of shivering. At the clinical
examination you find an abdominal pain that radiates along the flank towards the back.
The body temperature is 39.3 °C and the blood pressure is 92/43 mmHg.

Which diagnostic test(s) is(are) indicated?

Answer: Urine test strip, urine culture, blood culture, complete blood count, CRP,
urea, creatinine, abdominal ultrasonography.

Comment: Complementary exams indicated in accordance with the infectious dis-
eases reference.

Appendix C
Appendix C.1. Standard MCQ #1

You suspect that a 28-year-old man has inflammatory rachialgia, potentially associated
with axial spondyloarthritis.
Which of the following supports the diagnosis of spondyloarthritis?

Presence of the HLAB 27 antigen

Biological inflammatory syndrome with high CRP

Family or personal history of psoriasis

Presence of marginal erosions on the heads of the 5th metatarsals (radiographs)
Inefficiency of nonsteroidal anti-inflammatory drugs on pain

Answer: A, Band C.

mONw

Appendix C.2. Standard MCQ #2

Mr. D, 92 years old, is referred to the emergency room for behavioral disorders
associated with hyperthermia. He fell down in undetermined circumstances this morning.
He is on warfarin and bisoprolol. On admission: BP 158/72 mmHg, CF = 80/mn, SaO2 =
94%, temperature 39.2 °C. Medical interview was noncontributory. Clinical examination
was poor except for marked temporospatial disorientation and fluctuating agitation. There’s
no stiff neck, no vomiting. No specific neurological sign. Glasgow score of 13. The abdomen
is tender and generally defenseless with perceived hydro-aerial sounds. Bladder scan: 630
mlL, urine test strip: leukocytes 2+.

Which of the following proposals for additional tests you request in an emergency are
(is) correct?

In the absence of nitrite in the urine test strip, a urine culture is not necessary
A lumbar puncture must be performed after brain imaging

A lumbar puncture must be performed after a coagulation test

Fall on Vitamin K antagonist in a patient on delirium requires brain imaging
Performing blood cultures is not necessary

MO0 w
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Answer: C and D.
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