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Purpose: In France, a national evaluation is gaemually to radiology residents. The aim of
this study was to perform both a docimological gsial of the quality of the questionnaire and

a statistical analysis of the results.

Materials and methods: This retrospective studyicvincluded French radiology residents
from Year 1 to Year 5 of residency, was performemnf 2015 to 2017 across 25 medical
universities in France. Both qualitative and quatitie docimological analyses were
performed as assessed by the Cronbach alpha ceeffithe difficulty of question (PDI), and
the coefficient of discrimination (Rir). Results tfoe questionnaire were compared between

years of residency.

Results: The results of the analysis confirmed dhality of the questionnaire (Cronbach
alpha coefficient=0.71, mean (PDI =0.40) thoughrttegority of questions could be answered
by memory rather than cognitive ability. The meain WRas 0.02, indicating that students
could not be certified using only the questionnaifee results measuring resident level of
knowledge were moderate, with mean results ranfyorg 9.2/20 at the first year to 11.3/20
at the fifth year of residency (P<0.001). There eveo significant differences in results
obtained between the third, fourth, and fifth ye&residency but results were significantly

different among university hospitals.

Conclusion: Even if close interactions exist bemvisarning and pedagogic environment, our
results suggest that it may be useful to furthereligp an evaluation process in relation with

pedagogic instructions in order to provide moreroat training.

Keywords: Pedagogy; Docimology; Radiology, Learning

Medical knowledge, visual skills such as recognitad patterns, and interpretation schemes
are key components of developing radiological etsper{1-3]. Expert radiologists develop
specific knowledge as well as advanced perceptde®][ However, longer experience does
not always lead to a high level of accuracy. Redeahows that an experienced radiologist
can occasionally miss or misunderstand lesiong|.[Additional training during residency

should foster improved professional skills and, sthuminimize errors from certified



radiologists. Therefore, discovering how radiol@diexpertise develops during residency and
which factors may predict a higher level of accyranay help optimize the teaching

environment [2,8].

How radiological expertise develops remains largeiknown [8,9]. A previous study
indicates that radiological skills improve from thest year to the third year of residency but
may not improve beyond the third year [10]. Voluofeexamination could be a predictive
factor of accuracy development as well as the levielexpertise of the pedagogical
environment [11]. In France, a voluntary nationgamination is administered annually to
radiology residents from the first year to theHfiftear of residency. The same examination is
administered to the entire student body and cot@rsubspecialties. The benefit of the
examination is to allow residents to annually aexvaluate their own knowledge and provide
the French College of Radiology Teachers (CERF) dpeortunity to gather feedback
regarding teaching methodology.

Interactions between the requests of residents, téfaching modalities, and how
examinations are completed are necessary for inmmdgarning and education. In pedagogy,
“docimology” refers to the science related to tlesessment of examinations and notation
systems. To our knowledge, a docimological analg§ithe French national examination of
radiologists in training has not been reportedsseas the quality of the questionnaire itself.

The purpose of this study was to perform a doaagichl analysis of the questionnaire
administered in 2017 to radiologists in trainingHrance during the national examination.
The secondary objective was to analyze the resbitasined in 2017, and retrospectively to

study and compare the progression of the residemts2015 to 2017.

The study was retrospective and performed over @8ical universities in France from 2015
to 2017.

Participants included French radiology residentsmfrthe first year to the fifth year of
residency. In France, participation in the natiogahluation is optional. All participants

answered the same questionnaire regardless ofytsairof residency. In this study, residents



whose year of residency was unknown were excludegrder to accurately categorize the

results.

The examination consisted of a questionnaire siradt into 10 categories covering all
subspecialties: neuroradiology, head and neck,athqr cardiovascular, gastrointestinal,
urology, breast and gynecology, pediatrics, muskdtetal, and oncology imaging. The
guestionnaire was built as follows: (1) the CERFRdoasked each subspecialty society to
provide a set of questions; (2) the person in ahafgthe exam reviewed and formatted each
set; (3) one or two subspecialists in each catefoey performed a second review. The
guestionnaire was then turned into a computer-basgdmination allowing online
participation for each candidate (SIDES platforrgst8me Inter-universitaire Dématérialisé

d’Evaluation en Santé) [12].

The questionnaire consisted of two question typigle-choice questions (SCQ) and
multiple-choice questions (MCQ). Each MCQ was cosgubof five choices, and the number
of correct answers allowed was from 1 to 5 per eaquéstion. Level of knowledge was
assessed using the following classification, inoadance with the French training curriculum

for radiology:

Level 1: basic knowledge for routine purpose, regglito be learned during the first

three years of residency;

Level 2: advanced knowledge, to be acquired dutireyfourth and fifth years of

residency;

Level 3: expert knowledge, more likely to be leatradter the completion of radiology

training during a post-certification subspecialiaat

Each subspecialty’s set of 10 questions followed-rpquired instructions to authors to
comply with 50% MCQ / 50% SCQ and seven Level 1stjoas, two Level 2 questions, and
one Level 3 question. The examination was admir@dt@nce per year in October, on the
same time and day across all 25 medical univessitieFrance. All residents in each center
are brought together in a single room with deddatemputers, under the responsibility of a
regional teaching coordinator. The notation is daglectronically through the SIDES

platform. The scale used to score the final rasus follows: For SCQ, 2 points for a correct

answer and 0 points for an incorrect answer. FoIQYIZ points if all answers are correct, 1



point if one answer is erroneous, and 0 pointdlinther cases. Erroneous answers are either
a missing answer or a false positive answer. Gthan 10 questions are proposed per each

module, the maximum score is 200 points.

For study purposes, we arbitrarily divided quedsiorto two categories: questions related to
image analysis (IM) and questions related to pactufal knowledge (KL). For IM questions,

we distinguished between those related to recagniéind those requiring rendering. The
analysis may relate to a synthesis of several daté, may require some data that are not

contained in the available images but in the clihintroduction provided in each question.

Quality of the national examination questionnavwas analyzed using two criteria: (1)
structure, and (2) question cognition level. Twaders (one with 10 years and one with 30
years of imaging experience) analyzed the questiomriogether. Quality of structure was
scored using binary scales (0=no; 1=yes) accordinghe following items: no double-
meaning, no error, only one concept per questiffirmative statement, no modal adverb
without appeal (never, always), no information ba humber of correct answers, all snares

are plausible.

The level of cognition was categorized from lowasthighest as follows: memory
only (low), both memory and image analysis (medius)ntextual interpretation (high).
When several cognition levels were present withisingle question, only the highest level

was recorded.

Three indexes were analyzed to quantify the qualitthe questionnaire: the Cronbach alpha
coefficient, the difficulty index R, and the coefficient of discrimination Rir (itenest
correlation) [13,14]. The definition and methodaaficulation of each index are extensively
described in the Supplemental Methods section (Agp@. Briefly, the Cronbach alpha
coefficient is an index which indicates the degoéénternal consistency of a questionnaire.

An alpha () coefficient > 0.70 was considered acceptablesatidfactory when > 0.80.

The B, index of difficulty is a proportion and calculated the number of students

who correctly answered a question divided by thal toumber of students. In this study, we



have considered that a question was easy wbewds > 0.80 and difficult whenpPwas <
0.20.

The item rest correlation (Rir) represents an xndeed to quantify the degree of
discrimination allowed by a given question. It gties the relationship between the number
of students who correctly answered a given questiersus the final score of the full
guestionnaire. A positive Rir is considered disénamt when > 0.20. A negative Rir indicates
an inconsistency because students who correcthyeaesl the given question are those who
had the lowest result for the full questionnaireRA < 0.10 may indicate that the question
should not be kept, unless the examination wouldpdpied for certification purpose. Finally,

the item advice report is a graphical represemniatibere B, is plotted as a function of Rir.

Multiple comparisons of means were performed uasim\NOVA test. Comparisons between
independent groups was assessed using Sttdiesitand comparison of paired means using

Student-test for paired data, with Bonferroni correction.

The question categories were heterogeneous acvesspecialization, ranging from 100%
(10/10) of IM questions regarding gastrointestimaaging to 30% (3/10) of IM questions
regarding oncology. However, both format and leveisquestions were found similar

between radiological subspecialties (Table 1).

Table 2 shows that the overall, structural qualégpged from a minimum of 62/70 points

(oncology questionnaire) to a maximum 69/70 poirfgastrointestinal and breast

guestionnaires) out of a potential total score@d foints. The most common errors were the
occurrence of double-meanings in 6% (6/100) of ioes, more than one concept per
guestion in 18% (18/100) of questions, and modeaédss in 7% (7/100) of questions.

In addition, the cognitive level of questions waainly low, with 40% (40/100) of
guestions requiring memory only; of those, 32/40%8 were Level 1 questions (Table 3).

This proportion was closely followed by medium-levadgnition in 38% of questions



(38/100). High-level cognition questions, althougpresented by 22% (22/100) of questions,
were proportionately heterogeneous (e.g., up to FO%] in neuroradiology and only 10%

[1/10] in breast imaging/gynecology).

The internal consistency of the questionnaire wagptable with a Cronbachcoefficient of
0.71. The item advice report demonstrated thatkestantial number of questions did not
allow discrimination between students with high dma skill levels (Fig. 1). Indeed, 34% of
guestions (34/100) had a Rir > 0.10 and 56% (56/b@d a negative Rir. The mean level of
difficulty was R = 0.40 and the mean coefficient of discriminatioasw0.02. The most

difficult questionnaire concerned thoracic imag(igble 4).

Only questions related to neuroradiology had a mBa& of 0.20, which is the
threshold to consider that students with high dkMels can be discriminated from students
with low skill levels (Supplemental Methods). Therere 5/10 subspecialties that had a
negative mean Riri.e., head and neck, thoracic, cardiovascular, breastaplogy, and

pediatric imaging).

A total of 904 residents completed the questiormndf residents were excluded because the
year of residency was missing. The proportion cfidents varied according to year of
residency (Fig. 2) and universities (Fig. 3). Thajonty of residents (904/1200; 75.33%)
completed the questionnaire during the first yearthe fourth year. However, 38.16%
(79/207) of fifth-year residents participated. Besa of data anonymization it was not

possible to retrieve sex and age of participantespectively.

Fig. 4 shows the mean results obtained by the eatsdto the questionnaire in 2017, as
expressed using a maximum score of 20 points. Epartition of values was Gaussian
around the mean score (Fig. 5). The maximum pregesslope (+1 point) was noticed

between Year 1 and Year 2 of residency. There wadeceease of the slope to +0.6 between

Year 2 and Year 3 and between Year 3 and Year resitlency. There were significant



differences in mean between Year 1 and Year 2 coedpa all other years of residendy €
0.001). Year 3 was significantly different from Ye# (p<0.001) but not Year 3(= 0.09).
There was no significant difference between Yeand Year 5 (11.4 vs. 11.3, respectivély;
=0.73) (Fig. 4). Results were heterogeneous aaogrthh the subspecialties. The lowest
proportion of results considered successful weuadoin thoracic, gastrointestinal, and head

and neck imaging (Fig. 1, Table 4).

A retrospective analysis of results obtained betw2@15 and 2017 was completed. For this,
mean scores obtained in Year 1, Year 2, and Yeaer® followed up in 2016 and 2017.
Results showed that there were significant diffeesnbetween years of evaluation except for
Year 3, between 2016 and 2017 (Fig. 6).

In this study, we found that docimological anadysf the questionnaire showed that
the quality of the structure was met owing to eithe errors or minimal errors regarding
double-meaning, formulation of questions, or sr@eisibility. Rigorous internal reviewing
of questions by at least two independent reviewers done before final completion of the
guestionnaire. Nevertheless, descriptions of dinicases were often very brief in this
guestionnaire related to imaging analyses; and #uthors did not have to complete complex
formulations. Interestingly, formulations were ndtomogeneous across radiological
subspecialties. For instance, musculoskeletal ingagad a marked tendency to propose SCQ
guestions with IM category. However, recognitionaospecific diagnosis based on images
was not possible in other subspecialties such dmfpie radiology, where MCQ and both IM
and KL questions were noticed. Regarding the le¥ebgnition, it should be noticed that the
major part of the questionnaire was composed o$tipres requiring memory only, which is
the lowest level of cognition. Questions relatednmaging analysis were mainly related to a
visual recognition of a diagnosis. Additional maremplex questions, with short cases—
including successive questions or Clinically OrezhtReasoning Evaluation (CORE), as
proposed in the European Diploma in Radiology [¥$%* may be useful in order to

appreciate the level of competency of the residents

The second point of interest is that quantitataealysis of the questionnaire

demonstrated that it cannot be used for certiicapurposes. Despite an acceptable internal



degree of consistency, as assessed by a Cronh@wh @efficient superior to 0.70, the mean
coefficient of discrimination was only 0.02. Norrlyal a questionnaire resulting in
certification should reach a Rir of 0.20 in order dllow discrimination between those
students with a high level of skills and those stud with a low level of expertise. In
addition, 5 out of 10 subspecialties had a negaRwe (i.e, head and neck, thoracic,
cardiovascular, breast-gynecology, and pediatriagimg) indicating that those students who
successfully passed these questions were not thbeehad the best results for the entire
guestionnaire. Although the majority of studentsarted neuroradiology, this result
demonstrated that a substantial number of studeaysoverspecialize during their residency,
at the expense of a more generic set of skillsexmrtise. In this setting, it could be noted
that, at the end of residency, independent evalnstdf each subspecialty could be more
relevant than a questionnaire dedicated to covettieg entire 10 subspecialties. Another
option would be to assess a general knowledge tev than the third or fourth year of

residency.

The third point of interest of this study is ttsatistical analysis of the residents’
results appeared to be in disagreement with theléowl of cognition required, with mean
results ranging from 9.2 at Year 1 to 11.3 at Yedn addition, the scoring system was prone
to overestimate the results obtained by the res&iane half of the points were still allocated
whether a resident would have made a single mistk®ICQ. In addition, there were
significant differences between Year 5 and Yeasd 2 but not with Years 3 or 4. Several
points can be discussed to explain this resultnBkeugh nonsignificant, the absolute value
of mean of Year 5 was inferior to that of Year &eTnational examination is a non-degree
examination; and thus, no particular preparations wdone before completing the
guestionnaire. As an optional test, a vast majootyresidents of Year 5 were absent.
Moreover, imaging analyses were done using single-dimensional images, which is
different from routine practice where all three-dmsional images over a full volume are
available before analysis. Once again, new modalig.g., CORE examination with practical
oriented cases) providing a full set of sonograpgly, or MRI images are very useful to
better evaluate the level of knowledge and comppet¢h?].

In most French university hospitals, radiology aments are divided into
subspecialized units. Thus, to be able to answerfuli questionnaire, a resident should
complete a temporary internship in each subspeeiliunit. Unfortunately, in 2017 the

French system did not provide opportunities fordests to gain adequate work experience in



all subspecialized radiology units; allocation meirnship was a resident’s free choice. Some
deliberately chose to overspecialize in some aa@dsnot train in others. Thus, it is possible
that any novel experience was acquired at the eseeh previously acquired knowledge.
Therefore, experience acquired during the laterrsyeaf residency may not be fully
representative of that also obtained during ea$ydency. Fortunately, with the “new deal”
reform launched in 2017, the third specialized eyof medical teaching now requires a
practical internship in each subspecialty for astehree months in order to give residents a

better overview.

Another point of interest is that results wererfdineterogeneous across universities.
Our analysis was unclear as to whether this wase®lto the residents themselves or the
pedagogic environment to which they belonged. W ribt have data on the residents’
previous performance in high school or secondahpskc Finally, interventional radiology
was not part of the national examination; a sultstampart of residents was probably
dedicated to developing these therapeutic skillh wpecific competence, instead of pure
diagnostic skills. These results may indicate thdividual expertise largely develops during
the first three years of residency. Detecting & lat progression at the individual level is
important during this period and may require sgdoieus. Simply increasing experience may
be insufficient as far as developing expertise; engpecific training may be necessary to

obtain feedback and improve accuracy.

Our study has some limitations. First, the lefedagnition was sometimes ambiguous
since radiological expertise can develop in a nundbevays: frequent exposure to common
diagnoses, direct recognition of lesions, or depielp synthesis abilities that require more
complex cognition exercise. Our analysis was nde db clearly determine a resident’s
strategy, exposure to diagnosis, or at what frequeBecause the national examination is
optional, it does not represent the maximum leheak a resident can reach but rather the
basic, routine level of everyday practice. Furthemm radiologists may glean additional
information on their own by accessing data onlifieerefore, the results of this evaluation
may not be representative of the final quality adiological reports that are provided to the
patients in everyday practice.

In conclusion, our docimological analysis of tl&ional examination revealed that the
quality of structure and internal consistency wasegtable; whereas the cognition level
required was relatively low, mainly related to panremory. However, results obtained by the

residents highlight that the questionnaire canmotied for certification purposes. There was



a marked tendency of students to overspecializeopreusly at the expense of a more generic
knowledge, and results did not improve startingrirthe third year of residency. Therefore,
the timing between an evaluation dedicated to gé@owledge and then an overspecialized
certification could be discussed. Further reseamwhld be worthwhile in order to better
understand the predictive factors that would altgatimal training and improved pedagogical

instructions.
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Note. IM=imaging-analysis question; KL=knowledge question; MCQ=multiple choice question;

SCQs=single choice question. Data are the proportion of questions.
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Table 3. Qualitative docimological analysis of cogtive level of the questionnaire.

LOW LEVEL MEDIUM LEVEL HIGH LEVEL
(Memory alone) (Memory and imaging analysis) (Interpretation owing to context)
Level1 Level2 Level3 Levell Level 2 Level 3 Level 1 Level 2 Level 3

Neuro radio logy 2/10 1/10 4/10 2/10 1/10
Head & neck 2/10 7/10 1/10
Thoracic 3/10 1/10 4/10 1/10 1/10
Cardio vascular 5/10 1/10 1/10 2/10 1/10
Gastrointestinal 1/10 3/10 1/10 3/10 1/10 1/10
Urology 6/10 1/10 2/10 1/10
Breast/ gynecology 4/10 3/10 1/10 1/10 1/10
Musculoskeletal 3/10 1/10 4/10 1/10 1/10
Pediatrics 1/10 1/10 1/10 2/10 1/10 1/10 4/10
Oncology 5/10 2/10 2/10

Total 32/100  6/100 2/100 20/100 14/100 4/100 13/100 5/100 4/100




Table 4. Quantitative docimological analysis of thguestionnaire per subspecialties

Proportion of Proportion of
Mean Pp, Mean Rir
easy questions  difficult questions
Neuro radio logy 0.46 0.20 3/10 2/10
Head & neck 0.41 -0.05 2/10 4/10
Thoracic 0.26 -0.07 0/10 6/10
Cardio vascular 0.40 -0.01 1/10 4/10
Gastrointestinal 0.45 0.13 3/10 5/10
Urology 0.34 0.11 3/10 4/10
Breast/gynecology 0.34 -0.05 1/10 4/10
Musculoskeletal 0.41 0.00 1/10 3/10
Pediatrics 0.43 -0.06 3/10 4/10
Oncology 0.48 0.06 3/10 3/10
Total 0.40 0.02 20/100 39/100

Note By =index of difficulty; Rir=coefficient of discrimin#on; an easy question was defined as

Ppi > 0.80; a difficult question was defined ag £ 0.20.





