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MIR; Background and objective: Psychometrics is a simple, intuitive approach used in educational
Psychometrics; research and in multiple-choice questionnaires. Since 2009, the competitive examination
Radiology; through which access to residency programs in Spain is determined (MIR) has included ques-
Education; tions related to radiological images. The objective of this paper is to show the results of the
Test psychometric analysis of these questions with the aim of comparing their degree of difficulty,

discriminative capacity, and internal structure with respect to those of the other questions on
the examination.

Material and methods: We analyzed all questions on the examination since 2009, classifying
them as clinical cases with and without radiological images, clinical cases with and without
non-radiological images, multiple choice questions, and negative questions. We used classical
test theory and item response theory to assess the difficulty and degree of discrimination of
the questions.
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Introduction

Results: Of 225 questions, between 11% and 15% of the questions included in the examinations
were associated with images. The questions associated with radiological images were more
difficult (corrected difficulty index, 0.51) and had worse discriminative capacity. The increased
difficulty of radiological questions was associated with worse discriminative capacity, especially
if the clinical information provided was inadequate or if the clinical information was contrary to
the radiological concept or if there had never been any questions about the concept in previoous
MIR examinations.

Conclusions: To equalize the standards of the MIR examination, it is necessary to maintain an
appropriate structure in devising radiology questions, with terms from the clinical context,
appropriate use of distracters, and a lower level of difficulty, which could be achieved by using
radiological images with typical radiological findings.

© 2019 SERAM. Published by Elsevier Espana, S.L.U. All rights reserved.

Andlisis psicométrico de las preguntas asociadas a imagenes radiolégicas en el
examen para médico interno residente en Espafa

Resumen

Antecedentes y objetivo: La psicometria es una técnica sencilla e intuitiva que se utiliza en el
campo de la docencia y en el de los cuestionarios de respuesta multiple. El examen MIR incluye
desde el ano 2009 preguntas asociadas a imagen radioldgica. El objetivo de este trabajo es
mostrar los resultados del analisis psicométrico de estas preguntas con objeto de comparar el
grado de dificultad, la capacidad de discriminacion y la estructura interna respecto al resto de
preguntas.

Material y métodos: Se seleccionaron todas las preguntas del examen desde el ano 2009 y
se clasificaron en casos clinicos sin y con imagen radiologica, casos clinicos con imagen no
radioldgica, preguntas test y preguntas negativas. Se utilizo la teoria clasica de test y la teoria
de respuesta al item para valorar la dificultad y el grado de discriminacion de las preguntas.
Resultados: Sobre 225 preguntas, los examenes incluyen entre un 11% y un 15% de preguntas
asociadas a imagenes. Las preguntas asociadas a imagen radiologica son mas dificiles (grado de
dificultad corregida [IDc] 0,51), con una menor capacidad de discriminacion. El aumento de la
dificultad de la pregunta radioldgica se relaciona con una menor discriminacion, sobre todo si
la informacion clinica no es adecuada, o es contraria al concepto radioldgico, o el concepto
nunca ha sido preguntado a lo largo de la historia del MIR.

Conclusiones: Para poder igualar los estandares del examen MIR, es necesario mantener una
adecuada estructura en la confeccion de las preguntas de radiologia, en términos de entorno
clinico, un adecuado uso de distractores y un menor nivel de dificultad, que se puede lograr
mediante el uso de imagenes con hallazgos radioldgicos tipicos.

© 2019 SERAM. Publicado por Elsevier Espana, S.L.U. Todos los derechos reservados.

coherence, to identify their discriminatory capacity in rela-
tion to levels of knowledge and to ascertain their difficulty.

Psychometrics is a simple, intuitive tool that can be used
in the field of teaching. Applications of psychometrics are
wide-ranging. They are used in education research,’ in
which they are associated with competencies in teaching
and learning processes through electronic media’? and are
included in the new technologies that have been incorpo-
rated into teacher training, having been cited since the
1990s.> They are also used in current studies on new dig-
ital technologies as educational resources in a university
context.*?

Psychometric techniques have been used for multiple-
choice exams to assess question quality, to analyse internal

In recent years, we have used these psychometric tech-
niques and adjusted them based on electronic analysis of
responses in order to implement student training during
preparation for the medical residency exam in Spain. Our
objective is to achieve the highest level of quality in exam
preparation tests, detect training gaps and find concepts
that we should emphasise in this post-university training.

The Médico Interno Residente (MIR) medical residency
exam seeks to rank aspirants from highest to lowest exam
scores and grade point averages to allow for an ordered
selection of the placements offered each year for spe-
cialised healthcare training in Spain.®’
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MIR exam sessions have been held every year since 1978
by the Spanish Ministry of Health and the Spanish Ministry of
Education on the same day and at the same time throughout
Spain. The MIR exam consists of 225 multiple-choice ques-
tions, plus 10 reserve multiple-choice questions on any field
of medicine. It must be completed within 5h. Each correct
answer adds three points to the exam taker’s total score,
and each incorrect answer subtracts one point from that
score. The mark that the exam taker achieves on the exam
(90% of the final mark) and the assessment of the exam
taker’s grade point average or academic record (10% of the
final mark in the last session) are combined to rank all aspi-
rants from highest to lowest total score. Those who achieve
scores above the cut-off mark, the minimum mark required
for access to a specialised healthcare training placement,
will be in a position to choose the specialisation and the
hospital where they will do their MIR training.”~"?

The exam has included questions associated with one
or more images since the 2009 MIR exam (hereinafter, we
shall refer to the exam as the Ministry does, i.e. by the
year in which the exam is announced, not the year in
which the exam is taken). These images may be radiologi-
cal (referring to any images from diagnostic imaging tests) or
non-radiological (referring to any other images from medical
records, histology imaging, diagrams, spirometry imaging,
electrocardiograms, etc.)."

In this study, we show a sample of our work on psychome-
tric analysis of questions associated with radiological images
and contrast them with the rest of the questions on the MIR
exam so as to compare their levels of difficulty and discrimi-
natory capacities and confirm the usefulness of the MIR exam
as an instrument for measuring the extent of the medical
knowledge of those who take it.

Material and methods

We selected questions from the 2009 MIR exam session
through the 2017 MIR exam session. These totalled 2025
questions. We chose these sessions because they covered
all the MIR exams with questions associated with images (in
the early 1980s, electrocardiograms were occasionally fea-
tured on MIR exams, but this practice stopped, most likely
due to the poor printing quality available at that time). We
did not include questions associated with radiology concepts
if they were not associated with a radiological image.

Multiple-choice questions were classified according to
the following sub-types for analysis:'>"*

1 Case reports without an image: multiple-choice ques-
tions that featured lengthy wording rather than an image
and proposed a differential diagnosis of a disease, a
treatment, and/or the diagnostic and therapeutic mana-
gement of a patient according to data from his or her
medical record, clinical examination and laboratory and
complementary test results. If they included information
on imaging tests, they did so as a description in the text
of the question.

2 Case reports with a non-radiological image: case report-
type questions with wording related to a non-radiological
image or diagram.

3 Case reports with a radiological image: case report-type
questions associated with an imaging test.

4 Negative questions: questions that asked the exam taker
to identify the incorrect response among a number of
possible responses.

5 Multiple-choice questions: all other questions that were
briefly worded and considered to be neither case reports
nor negative questions. Normally, these questions were
direct and asked the exam taker to choose the correct
response among the responses offered.

Psychometrics is the discipline that deals with all the
methods, techniques and theories involved in measuring and
quantifying the psychological variables of the human psyche.
Psychometrics encompasses test theory and construction as
well as other valid, reliable measurement procedures. It
includes the preparation and application of statistical pro-
cedures that determine whether or not a test is valid for
measuring a previously defined psychological variable.

Several psychometric models are adapted for assess-
ing responses to multiple-choice questions. They all have
in common the fact that they mathematically link latent
(non-observable) characteristics of test questions and the
subjects who answer them in order to develop accurate
models of each subject in relation to each question, depend-
ing on their level of knowledge. To evaluate the MIR exam,
we used two mathematical models: classical test theory and
item response theory (IRT). These variables have been used
and confirmed for this exam in previous studies.'*""8

Classical test theory: this is a way of measuring the
difficulty, discriminatory capacity and quality of questions
according to the number of people answering them and their
level of knowledge, expressed by the final grade that they
achieve on the entire test to be assessed.'®~?> The following
tools are used as part of this model:

1 Calculation of difficulty index (Dl): this represents the
percentage of exam takers who answered the ques-
tion correctly versus incorrectly. Thus, questions can be
divided up as follows:

a) Easy: those answered correctly 66% or more of the
sample.

b) Moderate: those answered correctly by 33%-66% of
the sample.

c) Difficult: those answered correctly by less than 33%
of the sample.

2 Corrected difficulty index (cDl): this represents the per-
centage of students who gave the right answer to a
question, corrected for the likelihood of guessing the
right answer. Thus, on a test with three incorrect answers
and one correct answer (where each correct answer adds
one point), there is a 25% chance of answering correctly
by guessing. Since response error accounts for a value
of —0.33 points, this value for a question can range
from —0.33 to 1. It is a more precise way of studying
the difficulty of a question with a penalty for answering
incorrectly, such as those on the MIR exam. In this study,
we classified questions according to the following scale:

a) Very difficult: those with values from —0.33 to 0.
b) Difficult: those with values from 0 to 0.33.
c) Optimal: those with values from 0.33 to 0.66.
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d) Easy: those with values from 0.66 to 0.80.
e) Very easy: those with values from 0.80 to 1.

3 Calculation of the discrimination index: this is the cor-
relation between exam takers’ scores on the entire test
and their scores on a given test question. As the MIR
exam is a single test, exam takers with higher scores
on the exam are believed to have higher levels of gen-
eral medical knowledge, and exam takers with lower
scores are believed to have lower levels of said knowl-
edge. To calculate this value, for the purpose of this
study, we used the point biserial correlation coefficient
(rpb), which seeks to measure questions’ discriminatory
quality. The higher the rpb value, the stronger the rela-
tionship between achieving a high score on the test and
having answered that particular question correctly. Using
this correlation coefficient, we were able to classify
questions’ discriminatory capacity as follows:

a) Excellent: for values obtained from the rpb greater than
or equal to 0.40.

b) Good: for values obtained greater than or equal to 0.30
and less than 0.40.

c) Fair: for values obtained greater than or equal to 0.20
and less than 0.30.

d) Poor: for values obtained greater than or equal to 0 and
less than 0.20.

e) Terrible: for cases with a negative rpb.

Item response theory (IRT): this psychometric theory is
used to predict how exam takers would answer questions
according to their level of knowledge. To this end, several
probability models have been proposed which estimate the
likelihood that an individual is capable of answering a partic-
ular question correctly. This study used a model known as the
two-parameter logistic (2-PL) model to determine the rela-
tionship between the likelihood of an exam taker answering
a question correctly and their level of medical knowledge
demonstrated in the MIR exam as a whole. According to
the proposed model, the likelihood of correctly answering
a question depends, on the one hand, on the parameters of
each question (difficulty and discriminatory capacity) and,
on the other hand, the subject’s level of knowledge. Two
values are to be considered in this model:23-%8

1 IRT difficulty: this represents a question’s difficulty score
corrected for an exam taker’s level of knowledge. Its
value is normally —4 to +4. A higher value indicates that
the question is more difficult, and a lower value indicates
that the question is easier.
2 IRT discrimination (DC-R): this represents the discrimi-
natory capacity of a question corrected for the level of
knowledge of the exam takers. According to the scale pro-
posed by the authors in a previous study,’® questions can
be classified in a manner similar that used for rpb values:
a) Excellent: for values obtained from the discrimination
coefficient greater than 1.

b) Good: for values obtained from the discrimination
coefficient greater than 0.70 and less than or equal
to 1.

c) Fair: for values obtained from the discrimination coef-
ficient greater than 0.40 and less than or equal to
0.70.

d) Poor: for values obtained from the discrimination
coefficient greater than or equal to 0 and less than
0.40.

e) Terrible: for negative values obtained from the dis-
crimination coefficient.

Item response theory variables can be used to generate a
curve for the probability of answering a given test question
correctly depending on the knowledge of the exam taker.
This shows not only the question’s degree of discrimina-
tion, but also the level of knowledge at which maximum
discrimination is achieved.

These psychometric variables have been used to assess
all the question types that we have used to classify MIR
exam questions. Questions associated with a radiological
image were compared to all the other types of question
on the exam in relation to the psychometric variables
described.

Results

Since 2009, MIR exam questions have usually consisted
of approximately 45% case reports, 15% negative ques-
tions, 25% multiple-choice questions and 15% questions
associated with an image. Half of the questions associated
with an image were radiological questions; all the others
were questions associated with a non-radiological image
(pathology images, clinical photographs, spirometry images,
electrocardiograms, etc.). The number of questions with a
radiological image ranged from 11 to 22. The exam with
the largest number questions related to radiological images
was the 2010 MIR exam (9.78% of all questions). The exam
with the smallest number of questions related to radiologi-
cal images was the 2016 MIR exam (4.89% of all questions)
(Fig. 1).

On average, questions on the MIR exam with a radiolog-
ical image have a higher difficulty value, with an average
probability of answering correctly of 64% (Fig. 2). Consid-
ering a difficulty value of 33%-66% to be optimal, the most
difficult exam for this type of question was the 2014 MIR
exam session, with an average rate of correct answers of
39.8%, and the easiest exams were the 2012 and 2017 MIR
exam sessions, with rates of correct answers exceeding 71%.
Regarding questions with a non-radiological image, the MIR
exam session with the highest average difficulty was the
2015 MIR exam, and the one with the lowest average diffi-
culty was the 2011 MIR exam. Questions with a radiological
image were more difficult across all MIR exam sessions, save
for the 2010, 2012 and 2015 sessions.

Regarding average difficulty score values corrected for
random chance, questions with a radiological image were,
on average, the most difficult ones on the MIR exam, with
a mean value of 0.51 (Fig. 2). Considering a difficulty value
of 0.33-0.66 to be optimal, the most difficult exam for this
type of question was the 2014 MIR exam session, with an
average value of 0.23, and the easiest exams were the 2012
and 2017 MIR exam sessions, with an average value exceed-
ing 0.62. Regarding questions with a non-radiological image,
the MIR exam session with the highest level of difficulty was
the 2015 MIR exam session, and the one with the lowest level
of difficulty was the 2011 MIR exam session. Questions with
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Negative Multiple-choice

Case reports Case reports with an image questions questions Total
Session
No. (%) _ra"(‘j‘i’dggir::al (%) radi,;llg;éical (%) | Sub-total| (%) No. (%) No. | (%) No.
2009 92 [d0E 11 4.89 14 622 25 [N 35 1556 73 8244 o225
2010 112 | 49.78 s @86 22 o7 30 1338 22 [eg@ 61 2711 225
2011 102 | 4533 11 4.89 18 8.00 29 12.89 27 | 12.00 67 2978 225
2012 109 | 48.44 14 6.22 20 8.89 34 |61 32 14.22 50 22228 225
2013 111 49.33 18 8.00 16 7.11 34 4641 20 12.89 51 2267 225
2014 105 | 46.67 20 | 88 14 6.22 3¢ 4541 28 12.44 58 | 2578 @ 225
2015 15 DBl 12 5.33 18 8.00 30 | 1838 26 | 1156 54 2400 225
2016 104 | 46.22 21 fes . Pagn a2 14.22 37 16.44 52 2811 225
2017 94 4178 16 7.11 17 7.56 33 14.67 42 1867 56 | 2489 225
Total 944 | 4662 131 6.47 150 7.41 281 1388 278 | 1373 522 | 2578 2.025
Figure 1  Proportions of case reports, case reports with an image (radiological or non-radiological), negative questions and

multiple-choice questions from the 2009 to 2017 MIR exam sessions. The colours indicate the distribution of the proportion of
questions. Red indicates the years with the lowest volume, yellow indicates the years with an intermediate volume and green
indicates the years with the highest volume.

Case reports Non-radiological Radiological image Negative Multiple-choice Total
image questions questions
Standard Standard Standard Standard Standard Standard
Mean deviation [ Mean deviation | Mean deviation | Mean  deviation Mean _deviation Mean deviation
Difficulty 0.2 0.2 0.23 0.65 0.21 0.67 0.22 0.67 0.21
Difficulty
corregida 0.27 0.55 0.27 0.3 0.53 0.27 0.55 0.29 0.55 0.28
Discrimination 0.32 0.16 0.33 0.15 0.16 0.32 0.17 0.18 0.32 0.17
Point biserial
correlation
coefficient 0.13 0.28 0.11 0.12 0.29 0.11 0.3 0.12 0.3 0.12
IRT difficulty 7.55 -0.46 3.64 4.64 -0.51 0.72 -0.63 9.01 -0.66 7.27
IRT discrimination
0.79 0.45 0.69 0.37 0.33 0.33 0.43 0.76 0.43

Figure 2 Mean value and standard deviation for the following variables: difficulty, difficulty index corrected for random chance,
discrimination index, point biserial correlation coefficient, difficulty score according to item response theory (IRT) and discrimination
index according to item response theory for the questions from the 2009 to 2017 MIR exam sessions. The colour scale shows the
values for the variables. The values in red are the lowest, the values in yellow are intermediate and the values in green are the
highest. Note that the questions associated with an image are the ones with the most difficulty and the least discriminatory capacity.

Difficulty index Correct'ed difficulty Discrimination Point biseriall (l:orrelation IRT difficulty IRT discrimination
index index coefficient
Non- . . Non- . . Non- . . Non- . . Non- . . Non- . .
Session radiological Raqlologwal radiological Raqlologlcal radiological Ra(_jlologlcal radiological Ra(_jlologlcal radiological Ra(ﬁologlcal radiological Ra@ologlcal

image image image image image image image image image image image image
2009 0.65 0.56 0.51 0.41 0.30 0.23 0.24 0.20 -0.85 1.31 0.47 0.39
2010 0.59 0.70 0.41 0.57 0.33 0.37 0.24 0.29 0.09 -1.18 0.51 0.64
2011|1078 070 0.65 058 031 [040 | o030 -1.09 -040 | 441 | o075
2012 0.71 0.74 0.59 0.63 0.36 0.27 0.33 -1.75 -1.24 0.65 0.75
2013 0.63 0.59 0.46 0.44 0.34 0.33 0.28 0.12 0.27 0.85 0.69
2014 070 [040 | os8 0.34 q 020 [WNOHEN| -os7 068 [NGEEN|
2015 0.57 0.62 0.37 0.26 0.26 0.18 0.20 3.18 0.46
2016 0.69 0.64 0.57 0.50 0.28 0.29 0.27 0.25 —0.42 0.56
2017 0.76 072 | 068 o062 0.29 0.22 0.30 0.23 -1.86 0.57

Figure 3  Changes over time in difficulty index, corrected difficulty index, discrimination index, point biserial correlation coeffi-

cient and difficulty and discrimination according to item response theory (IRT) for questions associated with an image, radiological
or non-radiological, across MIR exam sessions. The colour scale indicates the years with the lowest values (in red) and the years
with higher values.

a radiological image were more difficult across all MIR exam
sessions, save for the 2010, 2012 and 2015 MIR exam ses-
sions. Figs. 3 and 4 compare the average corrected difficulty
score for questions with a radiological image and questions

with a non-radiological image across the time series anal-
ysed.

One measure of questions’ discrimination was the rpb;
questions with an rpb value exceeding 0.30 were classified
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Corrected difficulty score
0.8

0.7
0.6
0.5
0.4
0.3
0.2

0.1

2009 2010 2011 2012 2013 2014 2015 2016 2017

=@==Non-radiological image ==@== Radiological image

Point biserial correlation coefficient
0.45
0.4
0.35
0.3
0.25
0.2
0.15
0.1
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2009 2010 2011 2012 2013 2014 2015 2016 2017

==@==_Non-radiological image = ==@== Radiological image

IRT discrimination

1.2

0.8

0.6

0.4

0.2

2009 2010 2011 2012 2013 2014 2015 2016 2017

==@==_Non-radiological image ==®== Radiological image

Figure 4 Comparison of changes over time in the main psychometric parameters between questions associated with a radiological
image and questions associated with a non-radiological image. Difficulty score corrected for random chance: the higher this is, the
more difficult it is to answer the question correctly. Point biserial correlation coefficient: this represents a measure of the quality
of the questions whereby questions are deemed good or excellent if they exceed 0.30. IRT discrimination (DC-R): this represents
the discriminatory capacity of a question for the different levels of knowledge among the exam takers. A question is considered
good if it exceeds 0.70 and excellent if it exceeds 1.
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as good or excellent. On the MIR exam, this correlation
coefficient’s average values for multiple-choice questions,
negative questions and case reports were approximately
0.30 (good discrimination) (Fig. 2), whereas its average val-
ues for questions with a radiological image were 0.25 (fair
discrimination). In the 2011 and 2012 MIR exam sessions,
the average value for this correlation coefficient exceeded
0.30, corresponding to years with easier questions. Ques-
tions associated with a non-radiological image had average
values for this discrimination index higher than those of
questions associated with a radiological image, except in
the 2010, 2012 and 2015 MIR sessions (Figs. 3 and 4).

Regarding the discriminatory capacity of the questions
using the item response theory metric, we considered a
question to be good if this metric had a value over 0.70 and
excellent if this metric had a value over 1. The MIR exam had
good discriminatory capacity, exceeding 0.70 on average.
The questions with the highest average IRT discrimination
value were multiple-choice questions and case reports. The
questions with the worst average IRT discrimination were
questions with a radiological image and negative questions,
at 0.58 (Fig. 2). Across time, the years with the highest
average IRT discrimination values for questions related to
a radiological image were the 2011 and 2012 MIR exam
sessions, exceeding 0.74. Questions associated with a non-
radiological image had average IRT discrimination values
higher than those of questions associated with a radiolog-
ical image, except in the 2010, 2012 and 2015 MIR sessions
(Figs. 3 and 4).

Statistical analysis of frequencies of multiple-choice
options in questions associated with a radiological image
pointed to a significant preference for the second and third
responses among the options shown; the third response was
correct for nearly 50% of questions.

Discussion

Psychometrics is an objective technique with an extensive
basis in science that has systematically demonstrated its
value for analysing evaluation methods applied to a group of
individual test-takers.'”?"-23 Multiple-choice exams such as
the MIR exam can be analysed in a simplified manner using
*classic test theory’?® and ’item response theory’ (IRT)’"
in order to determine the probability of answering a ques-
tion correctly or incorrectly depending on an individual’s
knowledge.

On a multiple-choice exam, a student’s knowledge is rep-
resented by their total score on the test. Therefore, the
main limitation of these techniques on an exam like the
MIR exam is the fact that it is a single measure, at a single
moment, of an individual’s knowledge, which can give rise
to external validity errors.”>?° Ideally, the individual would
be assessed multiple times over the course of several days to
decrease these errors. To partly counteract this limitation,
the Ministry provides for joint assessment of an individual’s
exam and grade point average. The weight of the latter has
varied across MIR exam sessions.

Moreover, MIR exam preparation centres operate in such
a way that a concept that is asked about in one session is
subsequently incorporated into the study materials; there-
fore, if that concept were to be asked about again in a

subsequent session, the psychometric values for the ques-
tion would change significantly for the subsequent session.
Ever since questions with radiological and non-radiological
images made their début on the MIR exam, all preparation
centres have included questions associated with an image
in their databases, giving more or less importance to the
subject at their discretion and featuring or not featuring
instructors specialising in radiology.

Overall, the MIR exams from the period analysed
(2009-2017) represented a well-structured multiple-choice
test, with a difficulty index corrected for random chance
(cDI) at an optimal level (0.55); its questions have a good
mean discriminatory capacity as measured by the rpb (0.30)
and it has a good discriminatory capacity as measured by the
DC-R (0.76). Similar values have been obtained in previous
studies through analysis of a single session'>?° or a number
of sessions overall.

When questions are divided into sub-groups based on
wording, the questions with the greatest quality and discrim-
inatory capacity are the ones based on case reports (those
that deal with the medical record of a simulated patient, and
those that ask about their diagnosis and/or treatment) as
well as the direct multiple-choice questions that ask about
a medical concept (both had a DC-R exceeding 0.75 and an
rpb exceeding 0.30). Questions with negative wording, in
which responses contained three true statements and one
false one that had to be identified, had a lower average
discriminatory capacity.

Since the 2009 session, 11%-15% of questions on
MIR exams have been related to one or more images,
whether radiological or non-radiological (histopathology
images, electrocardiograms, spirometry images, clinical
photographs, etc.). These two sub-groups of questions have
in common that they require the exam taker to take more
time to interpret and answer them, as they call for a com-
bination of reading a question and analysing an associated
image printed on paper. In theory, adding questions associ-
ated with an image to the exam is intended to more closely
align the questions on the exam with routine clinical prac-
tice.

Psychometric study of questions related to a radiological
image indicated that, on average, they are more difficult
(cDI1 0.51, maintaining an optimal level), but that they have,
on average, a lower discriminatory capacity on the exam
(rpb 0.25 and CD-R 0.60, both corresponding on their respec-
tive scales to a fair discriminatory capacity). On average,
questions related to non-radiological images were slightly
easier and they had a slightly higher discriminatory capac-
ity than questions related to radiological images, but a
lower discriminatory capacity than case reports and direct
multiple-choice questions.

When we analysed changes in psychometric values for
questions associated with a radiological image across the
time series studied, we found that average discriminatory
capacity increased in sessions in which the difficulty of the
questions approximated the mean difficulty of the MIR exam
(the 2010 and 2011 MIR exams) and that discriminatory
capacity decreased in sessions with a significant increase
in difficulty such as the 2014 MIR exam.

Individual analysis of questions showed that the follow-
ing questions were more likely to be answered incorrectly
by exam takers, and therefore more difficult: radiological
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2014 MIR exam, question 23. On the CT
scan shown, the most likely diagnosis is:

1. Polycystic kidney disease.
2. Retroperitoneal mass.
3. Renal tuberculosis.

4. Renal cystic neoplasm.

5. Obstructive uropathy.*

Corrve G protuateiiod M JO1E Mavoca ) Ve Aanase Preguets J) Asgasia s Nefrianps Ciags progenta Jo%

1.0
1.8
cDIl =-0.11. Very difficult e
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0.2
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Figure 5 Example of a question with a high level of difficulty and a low level of discrimination. The question’s discrimination
qualifies as terrible. On the curve of probability of answering correctly, exam takers with the highest scores in the exam had a higher
probability of answering the question correctly than students with low scores in the MIR exam, though the differences between the
two groups were small. Xanthogranulomatous pyelonephritis has a characteristic image with renal calculi plus abscesses and would
probably have been a disease known to the exam takers as it has figured in previous exams. Furthermore, the exam takers would
have been familiar with the image of obstructive renal lithiasis by computed tomography and ultrasound. Asking a question with no
mention of clinical characteristics (renal colic) and with an image not typical of dilatation of the renal pelvis confused exam takers
in both the strong group and the weak group. Attempting to increase the question’s difficulty by decreasing the clinical information
that it supplied and associating it with a non-characteristic image achieved the undesirable effect of decreasing the question’s
discriminatory capacity.

questions in which the concept asked about represented to have a higher probability of answering the question cor-
the capacity to visualise a radiological finding without any rectly than exam takers with a higher level of knowledge

associated clinical information; questions in which the radi- (Figs. 5-8).

ological finding changed the response that could be inferred On the other hand, the questions associated with a higher
from the clinical information supplied; and questions in discriminatory capacity were those that were incorporated
which the radiological finding was not a significant clinical into a case report of a simulated patient, those that were
concept (due to its rare or exceptional nature) or had never consistent with the clinical information supplied and those
been asked about in the history of the MIR exam. These three in which the radiological concept asked about was significant

factors caused a significant increase in the difficulty of the due to its clinical relevance. These questions tended to have
question, as well as a decrease in its discriminatory capacity, an optimal to easy difficulty level (Figs. 9-12). These cases
as they caused exam takers with a lower level of knowledge were not analysed in depth, but there are indications that
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2015 MIR exam, question 23. A 42-year -
old woman visited the emergency
department due to increased dyspnoea
in the last few weeks accompanied by
mild stabbing chest pain that increased
with respiratory movements. She
presented neither fever nor increased

cough. Auscultation of her lungs revealed

decreased breath sounds at the base of
the right lung. A chest X-ray, below, was

ordered and indicated the presence of:

1. Bronchogenic tumour.

2. Bochdalek hernia.”

3. Pulmonary abscess.

4. Pneumopericardium.

Corvs Go protatiiod MR J01S Anwvns § N Absnace Progots J) Asgastos Nesecangs Cidhgs progonts I
1.0

cDI = 0.06. Very difficult

rpb = 0.03. Terrible 1.8
DC-R = 0.04. Terrible
2‘0'6
§
- 0.4
0.2
0.0 numpreg023
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Figure 6 Example of a question in which a basic radiological concept was addressed (diaphragmatic hernia, Bochdalek hernia) but
the associated image showed an atypical presentation (a large right-sided hernia with gastric herniation). Because efforts were made
to increase the question’s difficulty using an atypical form of the disease, the question had a low discriminatory capacity despite its
suitable clinical context. The probability curve, virtually a flat line, indicates that the exam takers with the most knowledge had
the same probability of getting it right as the exam takers with the least knowledge.
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MIR 2013 Pregunta 2. Hombre de 40 afios sin
antecedentes de interés. Desde hace 4
semanas, refiere cuadro de deposiciones
diarreicas, asociado a ictericia de piel y
mucosas, coluria, hipocolia y dolor en

hipocondrio derecho, acompanado de

pérdida de peso (10 kg aprox.) y prurito
intenso. En la analitica destaca: Bilirrubina
total: 15,3 mg/dl. Alanina-aminotransferasa:
70 U/l. Aspartatoaminotransferasa: 85 U/1.
Serologia para hepatitis negativa y elevacion
del CA 19-9. Se realiza TC abdominal. Se
muestran 3 secciones axiales. En relacion a
los hallazgos de la prueba radiolégica, ¢cuél

de los siguientes tratamientos esté indicado?:

1. Retrograde endoscopic biliary drainage
and systemic chemotherapy.

2. Cephalic duodenopancreatectomy
with vascular resection.

3. Hepatic embolisation with microspheres
loaded with chemotherapy.

4. Transparietal-hepatic biliary drainage
and systemic chemotherapy.

5. Treatment with corticosteroids.

Curva de probabilidad. MIR 2013 Alumnos y No Alumnos. Pregunta 2.

cDI = 0.36. Difficult 10
rpb = —0.01. Terrible
DC-R =-0.05. Terrible e
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Figure 7 Example of a question with a negative discrimination. The MIR exam takers who scored worse overall had a higher
likelihood of answering correctly than those who scored better overall. Efforts were made to render the question about the relevant
radiological concept more difficult by asking about criteria for determining that a pancreatic neoplasm is unresectable. Because
the question asked about a concept on which opinions are currently divided (the artery is not infiltrated, but the mesenteric venous
axis is), the correct response was debatable and the question’s discriminatory capacity was decreased.
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33. 2017 MIR exam, question 33. What is the
radiological diagnosis?

1. Lytic lesions in the iliac blades.

2. Bulging of the right renal psoas line
suggestive of lymphadenopathy.

3. Splenomegaly.*

1. 4. Left sacroiliitis.

cDIl =-0.18. Very difficult
rpb = 0.09. Poor

DC-R = 0.30. Poor

Probability

Curva de probabliidad. MIR 2017 Alumnos. Pregunta 33. Cédigo
1.0
1.8
0.6
0.4
0.2 //
0.0 —— numpreg033
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Figure 8

Example of a psychometrically invalid question with a level of difficulty that was so high that its discriminatory capacity

was null. This question’s main problem is that it uses a radiological image that misleads the exam taker as it features distractors
such as a diagnosis of left sacroiliitis and shows an image in which the left sacroiliac joint is not visible. The question was made more
difficult by the fact that it asked about a disease (splenomegaly) usually diagnosed by means of another imaging test (ultrasound)
and the fact that it did not include any information from the patient’s physical examination in its wording.

computed tomography images had a higher level of difficulty
than simple radiology images.

Therefore, from a psychometric point of view, it would
be advisable to improve the discriminatory capacity of the
questions associated with a radiological image on the MIR
exam in order to bring them into closer alignment with the
standards for this exam and average values thereof. This
means they should fulfil the basic standards for multiple-
choice questions mentioned in several studies related to
radiology.?’

In addition, a significant response-hiding bias was
observed (the most common responses were the second
and third, and the least common responses were the first
and last). On questions with a radiological image from the

last MIR exam, the third response was correct in almost
50% of cases. This was probably due to not randomising
the response order, primarily for questions on radiolog-
ical anatomy that referred to numbers included in the
image.

The concepts asked about should be basic and represent
knowledge of diagnostic imaging that could be possessed
by a non-specialist physician, and they should be couched
in a suitable clinical context. The distractors used in the
question should contain sufficient information to prevent
debate of the radiological concept. The image should be
of a good quality and should not contain findings that
may interfere with the distractors used. The questions
associated with an image with the highest discriminatory
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2010 MIR exam, question 3. A 72-year
-old patient with no medical or surgical
history of note came in due to dyspnoea
at rest and asthenia for the past month.
He did not report any altered bowel habits.
When he arrived at the emergency
department, he was haemodynamically
stable. Laboratory testing was ordered.
His complete blood count indicated the
following: Hb 7.6 g/dl, MCV 72 fl and Hct
26%. The patient was admitted for
evaluation. The image shows an axial slice
from the CT scan performed on the patient.
Regarding the findings of the radiological
test, which of the following statements

is true?

—

.Eccentric wall thickening at the level

of the ascending colon consistent with

adenocarcinoma is

observed.*

. The presence of scant

n

parietal thickening of the colon with
diffuse mucosal hyperaemia consistent
with changes from ulcerative colitis

is seen.

w

. Acollection of fluid in the pericaecal
area with a hydroaeric level consistent
with perforated diverticulitis is
identified.

N

. Abulky colonic faecaloma with proximal

obstruction is observed.

(%))

. The presence of scant physiological

distension of the intestinal loops

consistent with normal ageing is seen.

cDI =0.77. Easy
rpb = 0.31. Good
DC-R =0.70. Good

Probability

o
>

o
S

0.2

0.0

—numpreg003

0
Ability

2

7

Figure 9 Example of a radiological question with a good discrimination index. The differential diagnosis that was asked about
was colon disease; therefore, the distractors were appropriate with a suitable radiological explanation that justified the response.
The clinical context was suitable and the radiological image properly showed the disease without any other images that might have

led to errors in interpretation.
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2013 MIR exam, question 9. A 41-year
-old man was referred as for more than
5 years he had been experiencing
alternating bilateral gluteal pain,
predominantly at night, that interfered
with sleep and abated with movement.

This was accompanied by stiffness for

more than 1 hour following inactivity.

He denied having pain, swelling or
deformity anywhere else. Basic laboratory
testing showed no abnormalities apart
from a CRP value of 11.5 mg/dl (N&lt;5)
and the X-ray attached. The radiological
abnormality observed and the most likely
diagnosis would be:

1. Looser's zone fracture - osteomalacia.
2. Bilateral iliitis - ankylosing
spondylitis.”

3. Concomitant lytic and blastic
lesions - Paget's disease.

4. Blastic lesions - prostate
adenocarcinoma with bone
metastases.

5. Osteosclerosis - lymphoma.

cDI = 0.52. Optimal
rpb = 0.42. Excellent
DC-R =1.02. Excellent

MIR ¥ No Alumnos. Pregunta 9.

Probability
o
@
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0.2

0.0 — numpreg009
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Figure 10 Example of a radiological concept properly asked about on the MIR exam. The clinical context was suitable, the
radiological image showed the finding clearly and the distractors were appropriate.
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2012 MIR exam, question 3. A 57-year-old
man visited the emergency department
due to melaena. Upper endoscopy revealed
at the level of the second segment of the

duodenum a mass with ulceration of the

intestinal surface at various points.

The radiological image from the CT scan
(image no. 2) showed a large, variegated
tumour dependent on the small intestine

with areas of interior necrosis and a diameter
in excess of 13 cm. Multiple metastatic hepatic
lesions were also observed. The biopsy taken
during gastroscopy showed fusiform cells with
immunohistochemistry positive for CD117
(c-kit). Referring to the patient in the case
report above, indicate the most suitable
therapeutic option for systemic treatment of

his tumour:

1. Imatinib.”

2. Doxorubicin.
3. Lapatinib.

4. Bevacizumab.

5. Cisplatin and paclitaxel.

Curva de probabilidad. MIR 2012 Alumnos y No Alumnos. Pregunta 3. Asignatura:Oncologla. Cdigo pregunta:2040
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Figure 11  Example of a question with an excellent discriminatory capacity, which was maximal, approximately at the median
level of knowledge of the sample. This question sought to ascertain whether the exam taker was capable of identifying the different
types of cancer in the small intestine and the chemotherapy treatments suited to them. The potential for debating the radiological
diagnosis was resolved by including a suitable clinical context and a suitable immunohistochemical presentation.
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Figure 12

2015 MIR exam, question 21. A 71-year-old
man has smoked 2-3 cigarettes per day for

the past 7 years. He has worked as an
employee at a packaging company, where

he is not exposed to smoke or dust. He has
hypertension and hypertensive heart

disease. He was diagnosed 2 years ago with
paroxysmal atrial fibrillation and received
treatment with amiodarone at a dose of 200
mg/day for 18 months, then at a dose of 400
mg/day in the past 6 months. He presented
signs and symptoms of cough, fever and
dyspnoea 5 months ago. He underwent a
chest X-ray (image A). He also received
antibiotic and steroid treatment and showed
improvement. Subsequent radiological
monitoring was normal. He visited due to
asthenia, fever and cough for the past 2 weeks.
Laboratory testing revealed a normal complete
blood count, C-reactive protein 9.5 mg/dl
(normal 0-1) and ESR 39 mm (1st hour). A chest]
X-ray was performed and a decision was made
to admit him. He underwent a bronchoscopy
with bronchoalveolar lavage, with the following
cell count: Lymphocytes 74% (CD4/CD8 ratio =
0.9), macrophages 18% and neutrophils 4%.
Cytology reported the presence of foamy

macrophages.

Example of a question with a good level of discriminatory capacity despite a high level of difficulty. The level of difficulty
was high due to the need to assess four images and the fact that it asked about a relatively rare disease, organising pneumonia. The
suitable clinical context of the question and the absence of distractors that might have subjected the correct option to significant
debate (as the question asked about a differential diagnosis with sarcoidosis, pulmonary fibrosis and amiodarone lung) rendered
the question appropriate from a psychometric perspective..
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A videothoracoscopic biopsy was ordered.
In view of the clinical, radiological and
laboratory findings available, it may be

concluded that:

1. The most likely disease

is organising

pheumonia.*

2. Amiodarone pulmonary toxicity seems
unlikely given that the patient has taken

the drug for 2 years.

3. The lymphocyte ratio from the
bronchoalveolar lavage suggests

sarcoidosis.

4. The clinical picture suggests fibrotic

pneumonia.
5.
e Curva de probabliidad. MIR 2015 Alumnos y No Alumnos. Pregunta 21. Cédigo
cDI = 0.28. Difficult 1o
rpb = 0.32. Good
0.8
DC-R =0.70. Good
> 0.6
%
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Figure 12 (Continued)
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capacity in the history of the MRl exam were those with a
moderate to low difficulty level and suitable wording.

In the exams analysed, when the difficulty of the ques-
tions increased, their discriminatory capacity decreased,
probably because, from a radiological point of view, an
increase in difficulty was associated with rare radiological
findings, atypical findings or findings that led to a more
extensive or complex differential diagnosis. A difficult clin-
ical diagnosis in a real patient is not the same as a difficult
multiple-choice question on a test such as the MIR exam.
If the objective that is sought is to increase the difficulty
of the question, this may be achieved by asking about less
common diseases or diseases with radiological findings that
are more difficult to identify on imaging, provided that the
fundamental structure of the question is maintained such
that it includes a suitable clinical context and uses distrac-
tors that cannot be debated as they present findings similar
to those in the image.

Providing more clinical information might allow the exam
taker to answer radiological questions by inferring the
response from the text and not from the image; this, of
course, influences the difficulty of the question. The same
should occur for questions with a non-radiological image;
however, they show a more suitable level of difficulty and
discriminatory capacity than radiological questions, even
those with little clinical information such as questions relat-
ing to pathology or clinical imaging. Therefore, in our
opinion, supported by psychometric data, asking about a
rare radiological finding or a radiological finding in the
absence of a suitable clinical context was the main cause
of the low discriminatory capacity of the questions associ-
ated with a radiological image. Of course, we do not claim
in this study that radiological imaging is unimportant or can
be omitted or that therefore direct questions without clin-
ical information cannot be asked. What we do claim based
on the results of this study is that, where questions were
asked without clinical information and featured misleading
clinical information or purely radiological images, their dis-
criminatory capacity decreased (in the setting of our sample
of exam takers) and did not attain the standards of the rest
of the questions on the MIR exam.

We did not receive any reports from exam takers (through
our quality surveys), nor did we ourselves find, that the qual-
ity or size of printed radiological images was associated with
greater difficulty in answering questions; therefore, we did
not consider these things to be variables to take into account
when assessing the internal validity of the exam.

Conclusions

Psychometric variables are a set of indicators for evaluating
multiple-choice tests that should be studied systemati-
cally for any exam administered in an academic context or
another context in which knowledge is evaluated. They help
to identify questions that are not useful, introduce noise into
test marking or suffer from poor technical execution. They
also help to identify gaps in learning. In our opinion, psycho-
metric evaluation of responses to MIR exam questions should
be used as a criterion to support the efforts of the exam’s
marking board to nullify certain questions.'

Questions with radiological imaging were found to have
lower-than-average values for the MIR exam in terms of dis-
criminatory capacity and to be more difficult for exam takers
to answer correctly. Questions from the MIR exam associ-
ated with a non-radiological image, when compared, also
revealed a lower discriminatory capacity, albeit less pro-
nounced.

In order to attain the standards of the MIR exam, it is
necessary to maintain a suitable structure in the preparation
of the questions on the exam in terms of clinical context,
appropriate use of distractors and a lower level of diffi-
culty, which may be achieved through the use of images with
typical radiological findings.
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