
This article appeared in a journal published by Elsevier. The attached
copy is furnished to the author for internal non-commercial research
and education use, including for instruction at the authors institution

and sharing with colleagues.

Other uses, including reproduction and distribution, or selling or
licensing copies, or posting to personal, institutional or third party

websites are prohibited.

In most cases authors are permitted to post their version of the
article (e.g. in Word or Tex form) to their personal website or
institutional repository. Authors requiring further information

regarding Elsevier’s archiving and manuscript policies are
encouraged to visit:

http://www.elsevier.com/copyright

http://www.elsevier.com/copyright


Author's personal copy

European Journal of Radiology 78 (2011) 309–318

Contents lists available at ScienceDirect

European Journal of Radiology

journa l homepage: www.e lsev ier .com/ locate /e j rad

Analysis of radiology education in undergraduate medical doctors
training in Europe

Elena V. Kourdioukovaa,∗, Martin Valckeb, Anselme Deresec, Koenraad L. Verstraetea

a Department of Radiology, Ghent University Hospital (UZG), MR/-1K12, De Pintelaan 185, B-9000 Ghent-Belgium
b Department of Educational Studies, Ghent University, H. Dunantlaan 2, B-9000 Ghent-Belgium
c Centre for Education Development, Faculty of Medicine and Health Sciences, Ghent University, De Pintelaan 185, B9000 Ghent-Belgium

a r t i c l e i n f o

Article history:
Received 11 July 2010
Accepted 6 August 2010

Keywords:
Radiology
Teaching methods
Undergraduate
Curriculum
Medical education

a b s t r a c t

Objectives: The purpose of the present study is to describe how undergraduate radiology teaching is
organized in Europe and to identify important characteristics of undergraduate radiology curriculum.
Methods: An electronic survey on undergraduate teaching was distributed by the European Society of
Radiology (ESR) to 38 national delegates of the ESR Education Committee.
Results: The “classic type” of radiology teaching method is more frequent than the “modular type”. In
38% of medical training centres the first experience with radiology is in pre-clinical years. The students
enrolled in the fourth medical year experience the largest involvement in radiology education. The total
number of teaching hours (mean 89 h, median 76 h) varies across the countries and differs depending on
the radiological topic (mean across all topics 14.8 h, median 13). Written tests and oral exams were the
most frequently used examination modes. Clerkships are reported as a key part of training.
Conclusion: This first international comparative study of undergraduate radiological curriculum in Europe
identifies a large number of differences in curriculum content and teaching methods throughout Europe.
More research is needed to establish the radiological educational competences resulting from these dif-
fering curricula’s to improve and to standardize the teaching according to (inter)national and institutional
needs.

© 2010 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Medical school educational programs and undergraduate train-
ing of radiology in particular are not standardized throughout
Europe [1–3] and United States (US) [4,5]. The mandatory nature
of a formal radiology curriculum [6–9] and the needs for a for-
mal, clearly structured radiology curriculum [6,9–12] have been
widely discussed in the medical literature. However, only a few US
schools include radiology as a required course. Mostly radiology is
presented as an elective course with additional sporadic exposure
to imaging techniques during medical education [4,5,12]. This is in
contrast to research pointing at the increasing interest for an inte-
grated approach towards radiology education as well as towards
the content of an innovative radiology curriculum [10,11,13–19].
This has led to recommendations as to new frameworks for radi-
ology curriculum design; such as the one provided by the Royal
College of Radiologist (UK) [20]. Research has also shown the bene-
fits of incorporating evidence-based practice education in radiology
[21,22]. A positive effect has been reported in the US of early expo-

∗ Corresponding author. Tel.: +32 09 332 1069; fax: +32 09 332 4969.
E-mail address: elena.kourdioukova@ugent.be (E.V. Kourdioukova).

sure to radiology in the early years of medical training or even
in premedical years [11,19,23–25]. Lastly, radiology clerkship has
been identified as an essential part of radiology curriculum. The
educational benefits of different types of radiology clerkships point
at improvement of students’ knowledge and interpretation skills as
well as students’ satisfaction [8,26–29].

In view of developing a comprehensive strategy to develop
undergraduate radiology education, it is critical to develop a thor-
ough understanding of the broad curriculum content related to
radiology, and to understand the instructional formats applicable
to radiology education (teaching approaches, course set up, evalu-
ation approaches, . . .). Most research in this field originates from
US based medical schools. Inclusive information about the current
status of radiology teaching in Europe is lacking. Therefore, the
present study describes how radiology teaching is set up in Euro-
pean medical schools to identify important characteristics of the
European undergraduate radiological curriculum and the educa-
tional formats being adopted.

Considering this problem statement, the following research
questions are formulated:

1. How is undergraduate teaching set up: what teaching methods
are being used?

0720-048X/$ – see front matter © 2010 Elsevier Ireland Ltd. All rights reserved.
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2. In what year(s) of medical school do students study radiology?
3. What proportion of the curriculum focuses on radiology or radi-

ology topics?
4. What type of staff is responsible for radiology education?
5. What radiology topics are examined and how are they being

examined?
6. What is the nature and extent of radiology clerkships?
7. How many students are involved in radiology-related scientific

work?
8. Is there an educational policy attracting students considering

radiology as a career option?

2. Materials and methods

A questionnaire was developed under the umbrella of the Edu-
cational Committee of the European Society of Radiology (ESR). It
was electronically distributed by European Society of Radiology
(ESR) to 38 national member delegates of the Educational Com-
mittee. Each country was represented by one national delegate,
who filled out the questionnaire about their own country, build-
ing on information obtained from their national educational board,
radiology teaching staff, and chiefs of teaching hospitals. Responses
were obtained from 34 respondents (89%) (Appendix A). The ques-
tionnaire (Appendix B) was developed to explore the duration of
medical and radiology training, the curriculum content, the nature
of instructional strategies, the human resources involved in radi-
ology teaching, the assessment and evaluation approaches, the
nature of clerkships in radiology departments, opportunities for
students to participate in radiology research and the educational
policy attracting students to consider radiology as a career option.

2.1. Statistical analysis

The questionnaire data were entered, and analyzed with SPSS
version 15 software (Statistical Package for the Social Sciences,
SPSS.; Chicago, IL, USA). Mainly descriptive statistics were applied
and a variety of tools to develop graphical representations of the
results. Answers to open-ended questions were answered in view
of identifying key themes.

3. Results

3.1. How is undergraduate teaching set up: what teaching
methods are being used?

The duration of medical undergraduate education in 29 out of
the 34 countries (85%) is 6 years. In some countries medical under-
graduate education only takes 5 years (IE, UK, SE) 7 years (BE) or
7.5 years (NO).

The average number of the students enrolled in the last year
across all countries is 326. Countries such as BY, EE, TR and UA
report more than 500 students being enrolled in last year medical
education.

In our questionnaire, we focused on the nature of the build-
ing blocks in undergraduate medical education: “classic building
blocks” in which radiology is studied and evaluated independently
versus “modular building blocks” that integrate and assess radi-
ology within thematic modules covering e.g., body systems (e.g.
thorax, abdomen, nervous system, . . .) and focuses on a variety of
medical perspectives (e.g. internal medicine, surgery, pharmacol-
ogy, . . .). In more than half of the countries (ES, IT, CZ, GE, HR, PT, BA,
GR, HU, RO, PL, SI, BY, ME, NO, BG, UA, LV, LU, FR) classic building
blocks dominate the curriculum, in about 18% (AT, TR, IE, DK, UK,
NL) modular building blocks dominate. In about 20% of the coun-
tries both classic and modular building blocks are combined in the
undergraduate curriculum (IS, BE, SE, EE, LT, MK, DE).

3.2. In what medical school year(s) do students study radiology?

Twenty six percent of the countries (AT, NL, TR, LU, UK, FR, CZ, PL,
RO) reported that students receive their first radiology experience
in the first year of medical training. In countries such as BE, DE, IE,
ES, SE, LT, DK, BG, HU (26%), radiology starts in the second year.
Very different are about 18% of countries where radiology is only
presented for the first time in the fourth year (GR, IS, HR, BA, SI,
MK). In IT radiology is only part of the medical curriculum in the
fifth year.

In five countries (AT, NL, TR, LU, UK) radiology is a consistent
part of the medical curriculum in every medical training year. On
average, the largest proportion of radiology is presented during the
fourth in most countries (73.5%).

3.3. What proportion of the curriculum focuses on radiology or
radiology topics?

The total number of the teaching hours focusing on radiology
varies considerable between countries (mean 89 h, median 76 h,
minimum 19 h, maximum 212 h). It also varies depending the radi-
ology topic. The average number of teaching hours for each topic is
14.8 (median 13 h) with a minimum of 3 h and a maximum of 40 h.
Some trends can be observed when focusing on the attention paid
to particular radiology topics.

The topic “Radiology of diseases” receives most attention (mean
38.6 h; median 28 h), followed by “Radiology techniques” (mean
19.4 h; median 10 h), and “Radiology anatomy” (mean 18.6 h;
median 12). The teaching hours for specific topics of radiological
education for each country are summarized in Table 1. The table
also documents separately outliers and extreme values.

A graphical overview of composition of the radiology curricu-
lum in all countries is shown in Fig. 1. As mentioned earlier, specific
trends can be observed across the countries. A large proportion of
teaching hours related to radiology of diseases is typical in most
countries. There are some exceptions. For example, in AT the num-
ber of radiology anatomy hours (30 h) and hands-on: interpretation
skills (26 h) are higher as compared to radiology of diseases (16 h).
In EE, the radiology curriculum pays much more attention to hands-
on (interpretation skills) teaching hours (70), radiology anatomy
(36 h) and radiology techniques (30 h). And in BE the proportion
of attention paid to the following topics is balanced: radiology
anatomy (30 h), radiology of diseases (30 h) and hands-on (30 h). It
is remarkable that LT reports a significant higher number of hours
spent in relation to for guidelines for appropriate use of radiology
(50 h), hands-on: interpretation skills (40 h), and the same level
of attention (20 h) to radiology diseases, radiology anatomy and
radiology techniques. In the curriculum of FR, we observe higher
proportion of time linked to interventional radiology (32 h). The
information of HR, HU and LU contains missing data, and ES only
reported quantitative data in relation to radiology anatomy (40 h)
and radiology diseases (80 h). The information of DK and NO sug-
gests that the focus was on the total number of hours, since next
the down break to radiology topics reflects a completely balanced
picture.

Next to the differences in proportional attention paid to radi-
ology topics, it is interesting to note that the variation in topics is
different across the countries. In the questionnaire, seven radiol-
ogy topics were presented to be analyzed in view of the national
undergraduate medical curriculum: radiology anatomy, radiology
techniques, radiology of diseases, interventional radiology, radi-
ation protection, guidelines for appropriate use of radiology and
hands-on: interpretation skills. In 17 countries, such as MK, BA, GR,
HU, LV, PT, CZ, IS, ME, IT, PL, BE, SE, AT, DE, LT, EE (55%), all topics
seem to be part of the curriculum. The topic hands-on: interpreta-
tion skills is lacking in 10 countries (32%: IE, RO, TR, UK, BG, UA, ES,
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Fig. 1. An overview of the radiology curriculum contents in medical centers of Europe.

BY, DK, NO), the topic guidelines for appropriate use of radiology
is lacking in 5 countries (16%: SI, UK, RS, BG, ES) and interventional
radiology in 4 countries (13%: NL, UK, UA, ES).

The fourth year of medical training is reported to be the most
important year for teaching all radiological topics except radiol-
ogy anatomy and radiation protection that dominate the third year
curriculum. In year 3 and/or 5, some countries also focus on radi-
ology techniques (38.2%; 26.5% respectively), radiology of diseases
(47.1%; 32.4% respectively), interventional radiology (23.5%; 32.4%
respectively) and hands-on: interpretation skills (23.5%; 17.6%
respectively). Guidelines for appropriate use of radiology is taught
as well in the fifth (29.4%), third and sixth year (26.5%, equal for
both years).

Countries teaching radiology in the first year pay great attention
to topics as radiology anatomy (77.8%) and radiology techniques
(55.6%).

In the second year, radiology anatomy is still a hot topic (80%), in
the third year radiology of diseases becomes more important (84%),
but not in BE, NO and SE. The topic radiation protection seems to be
an essential part of the third year curriculum in most of countries
(73.7%) with exception of AT (taught in year 4), FR and LU (do not
taught at all), NL (taught in years 1 and 4) and TR (taught in years 2,
4, 5). In the fifth year, dominant topics are interventional radiology
(68.8%) but not in CZ (taught in year 4), NL and UK (do not taught at
all). In most countries, guidelines for appropriate use of radiology
is a key topic in year 6 (81.8%) except GR (taught in year 5) and TR
(taught in years 3, 4 and 5)

It has to be stressed that the comparison of teaching hours is
somewhat marred by the lack of a standardized total number of
teaching hours in each country. This makes it less easy to under-
stand the relative value attached to specific topics in the broader
context of the medical curriculum.

3.4. What type of staff is responsible for radiology education?

In most European medical training centers radiology topics are
taught by more than two staff members (85%). The average total
number of radiology-related teaching staff is 12. In countries such
as ES and GR (6%), only a single specialized staff member is reported.
Medical training centers in IE, SE, ME (9%) prefer two specialized
teachers for radiology.

It is apparent that radiology topics in the medical training
centres of Europe are preferably taught by general or special-
ized radiologists. Also other medical experts participate in the
teaching process, with the exception of interventional radiology
that is only taught by radiologists. Radiology anatomy is taught
by anatomist (23.5%), as well as by radiology trainees (14.7%).
Radiology techniques are also introduced by physicist (20.6%), radi-
ology diseases by radiology trainees (11.8%), radiation protection
by physicist (29.4%), guidelines for appropriate use of radiology
by radiology trainees (11.8%) and clinicians (11.8%). Hands-on:
interpretation skills are also introduced by radiology trainees
(20.6%).

3.5. What radiology topics are examined and how are they being
examined?

Radiology exams mostly focus at the same time on different radi-
ology topics and as such as a part of a broader as part of larger exams
(“modular” together with other disciplines) (44%). Exceptions are
exams in relation to radiology techniques (38%), radiation protec-
tion examination (32%) and hands-on exams (18%), which are set up
separately. Writing tests and/or oral examinations (65.6%;) are the
most commonly used methods for student evaluation. Computer-
based evaluation and/or Objective Structured Clinical Examination
(OSCE) evaluation are also set up, but are not widely used (25% and
21.9%, respectively). In LV, LT, PL, GE, DK, SI, NL (22%) all assess-
ment is based on written exams. In BA, HR, MK, NO, LU, CZ (19%)
most exams are set up orally. In the following countries both types
of exams are combined: ME, PT, HU, UA, IS, DE, RO, RS (25%). BE is
special in this way that all radiology exams are set up via a com-
puter. In TR, 86% of the exams is OSCE based; this is 14% in PC.
In AT, GR and BY, a mixture of the different types of assessment
approaches is adopted (written exam, oral exam, on PC and OSCE).
Again, different assessment type combinations are observed in IE,
FR, SE, UK, and IT.

PC based exams are mostly organized in relation to radiology of
diseases (25%), radiology anatomy (18.8%), and for radiology tech-
niques (15.6%). OSCE is only applied for radiology diseases (18.8%)
and interventional radiology (15.6%) to a lesser extent for other
topics (9.4% equal for radiology anatomy, radiology techniques,
radiation protection and guidelines for appropriate use of radiol-
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ogy). Interpretation skills (hands-on) are mostly examined orally
(21.9%).

3.6. What is the nature and extent of radiology clerkships?

Clerkships are reported as a key part of undergraduate radiology
teaching (88%; no answer for LU and PL), with the exception of
UK and DK where no clerkships are scheduled, but where students
have a possibility to participate in clinical-radiology conferences
and multidisciplinary meetings.

The curriculum position and the duration of radiology clerk-
ships varies across European countries. In none of the countries,
clerkships or visits are reported during the second year. In NL and
SE students already visit the radiology department in their first
year. This visit helps them to observe daily practice in a radiology
department. Students of the third (47%) and fourth (53%) year are
increasingly involved in radiology clerkships for an average dura-
tion of 4 weeks (median 0.7 weeks) and 5 weeks (median 3.5 weeks)
respectively. Countries such as MK, ME and RS report the longest
clerkship period in the third year (24, 15 and 10 weeks). Countries
such as HU, RO (14 weeks), GR (13 weeks) and NL (10 weeks) report
the longest clerkships in the fourth year. In year 5, the longest clerk-
ships is observed in GR (13 weeks) and IT (12 weeks). In year 6, the
longest clerkship period is 16 weeks in DE. In a number of coun-
tries the radiology clerkship only takes only a single day (LV, EE, NO,
AT, CZ) or two days (PT, BY, UA) during the entire medical training
period.

The questionnaire did not focus on the type of the radiology
clerkship. As a result, it is unclear whether there are required and/or
elective clerkships. Additionally, little information was gathered
about the tasks and responsibilities during the clerkships. The list of
available information in this context contains: theory-based tasks
such as reading, interpretation of images resulting from different
radiological diagnostic modes: X-ray, MR exams, CT, etc., working
cases (guided or unguided), observation of daily activities in the
radiology department, taking part in routine clinical practices, or
participating in conferences and/or multidisciplinary meetings.

3.7. How many students are involved in radiology-related
scientific work?

Most institutions reported the opportunity to carry out the inde-
pendent scientific work in radiology (85%, no answer for ES, HR,
IS, EE, MK). The average number of students performing scientific
work in radiology is 7, the median is 4. Involvement of a single stu-
dent is reported in DK and NO. A maximal number of 28 students is
reported in FR. Considering the fact that that the average number
of students in the national medical training centre is 326 (27 coun-
tries), the average percentage of students involved in the scientific
radiology work is only about 4%.

3.8. Is there an educational policy attracting students considering
radiology as a career option?

Forty-four percent (15 countries) indicate the presence of a pol-
icy attracting students to consider radiology as a career option. The
following typical policies were used:

• facultative radiology courses;
• participation in scientific meetings;
• optional visits to the department;
• radiology brochures;
• scientific team working;

but also

• attracting students via interesting lectures and tutorials;
• presentation of the rapid developments in radiology and it is

importance in patient care.

4. Discussion

As stated earlier, medical educational programs lack uniformity
[1–5,30]. Analysis of the descriptive results of the ESR question-
naire, results in a comparable picture about the big differences
in the organization of the undergraduate radiology curriculum in
Europe. The differences start with the length of the undergraduate
medical study. In most European countries, a medical education
program takes 6 years, in some countries only 5 or 7 years are
required. This is a striking difference with US based medical schools
where the, undergraduate curriculum requires a 4-year program,
based on 156 teaching weeks. This duration can be expanded
with 2 to 3 years of “pre-med” courses [4,5]. European medical
school duration is shorter than the program set up in the United
Arab Emirates. Their 8-year program includes a compulsory 1-
year internship [18]. It also has to be stressed that the size of
training centre in Europe is very varied (average number in the
last curriculum year is 326). Though the present study focuses on
radiology undergraduate teaching, this information is important
as a background to discuss the particular radiology education set-
ting.

The findings of the present study confirm that radiology is taught
via different types of medical undergraduate curricula, depending
on the nature of the building blocks being used [16]: The Conven-
tional Medical Curriculum based on the “classic building block”, the
PBL Problem Based Curriculum based on “modular building blocks”,
and the Hybrid Medical Curriculum that takes a position between
the former two [31].

The Conventional Medical Curriculum mostly consists of a pre-
clinical and a clinical part, where instruction is based on disciplines
like anatomy, physiology, histology, internal medicine, surgery,
pharmacology, and radiology. Assessment is linked to these indi-
vidual disciplines and spread over one or more curriculum years.
Radiology is usually presented and assessed in the clinical part
where it is linked to the imaging of diseases. Radiology is sometimes
also presented (as an extra) in anatomy course, with or without a
specific evaluation part.

In Problem Based Curricula, the building blocks are part
of both the pre- clinical and clinical part of the curriculum.
Instruction is based on comprehensive “modules” covering sys-
tems or parts of the body like thorax, abdomen, musculoskeletal
system, nervous system, urogenital system, etc. Usually these
modules cover “the normal human” in the pre-clinical years
and the “patient” in the clinical years. In the pre-clinical phase,
disciplines – including radiology – are combined to develop
an understanding of different healthy human system (e.g. the
gastro-intestinal system), until the whole “healthy” body has
been covered. In the clinical phase, additional disciplines like
internal medicine, surgery, pharmacology, radiology, etc. are com-
bined. Each module is closed with an examination that focuses
on all the disciplines covered in a specific module. In this
building block approach, radiology is hardly approached as a sep-
arate discipline and therefore relatively underrepresented in the
exams. This can lead to students “skipping” radiology and radi-
ology anatomy, unless specific radiology exams have been set
up.

Our analysis results show that the “classic” type of undergradu-
ate teaching is dominantly used in European medical centres. This
neglects the findings from research showing that an integrated
approach of radiological education leads to more effective radio-
logical education and helps to develop a positive attitude towards
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radiology. The latter has implications for their future career choice
[11,13–15,17–19]. In the present study, only 18% of centres adopt
a “modular building block” type of curriculum and about 20%
adopt a combination of classic and modular building blocks in their
curriculum, suggesting an orientation towards a Hybrid Medical
curriculum.

Early exposure – in the pre-clinical training years – to radiol-
ogy education is expected to result in a more positive perception of
radiology, increased interest in radiology as a carrier option and a
reduction of negative stereotypes about radiologist [11,19,23–25].
The results of the present study indicate that early exposure is
found in most European medical curricula. In 78% of the medi-
cal curricula, the first experience with radiology is already in the
pre-clinical phase. However, in a small number of countries, radi-
ology is introduced rather late in the curriculum: the fourth or fifth
year.

Lee et al. [9] from the University of British Columbia stress that
students benefit more from radiology instruction during a first cur-
riculum year. Important is their additional finding that all students
participating in their study expressed a desire to opt for radiology
as an elective course in their final training year (4-year medical
curriculum). This implies that it is important to make radiology
visible throughout the curriculum [7,18,20]. From our research we
understand that only in 15% of countries radiology is a consistent
part in every curriculum year. This questions the situation in coun-
tries where radiology is only taught during one single year of the
entire medical curriculum. The fourth year of medical training is
seems to be very important year for teaching radiology, radiology
was present in most of countries.

The results of our study show that the number of radiology
teaching hours varies largely between European countries (coun-
tries mean 89 h, median 76 h, min 19 h, max 212 h) and depends on
the radiological topic (Table 1). This large fluctuation is similar to
results from a study focusing on undergraduate nuclear medicine
teaching in European universities [3]. An important question arises
from our observations: what is the required optimal numbers of
radiology teaching hours in order to develop sufficient radiology
competences in medical undergraduates? Unfortunately it is diffi-
cult to develop a clear answer to this question. Though sufficient
information about the critical contents of a radiological curricu-
lum are found in the literature, as well as a variety of curriculum
framework [10,16,20], less is known about the efficiency of radi-
ology teaching in terms of teaching hours and proportion of the
medical curriculum. Data from curricula in non-European countries
can help to develop some benchmarks. A Canadian Undergradu-
ate Radiology Survey reported an average of 19.9 h of radiology
lectures and an average of 45.6 h of radiology-related small group
sessions [9]. Gunderman et al. reported 165 h of focused radiology
instruction next to clinical rotation at Indiana University [7]. In the
integrated curriculum of the United Arab Emirates University [18]
radiology is present in the whole curriculum (8 teaching modules).

In the present ESR questionnaire seven radiology topics
were presented as critical components of a radiology cur-
riculum: radiology anatomy, radiology techniques, radiology of
diseases, interventional radiology, radiation protection, guidelines
for appropriate use of radiology and hands-on: interpretation skills.
It is a reassuring finding that in 55% of countries all topics are
present in their radiology curriculum. Some radiology topics are
less represented in the curricula: hands-on: interpretation skills,
guidelines for appropriate use of radiology and interventional radi-
ology. But, due to the nature of our questionnaire it might be
possible that these topics are taught within the context of radiology
of diseases.

The trends across the countries are also determined in our
research: the topic radiology of diseases deserves the most teach-
ing hours because of the involvement of different organ systems in

this topic, followed by radiological techniques due to wide spec-
trum of used imaging techniques and radiological anatomy. These
topics are reported in all countries as a compulsory part of their cur-
riculum. Moreover, radiological anatomy and imaging techniques
(explanations of what is radiography, CT, ultrasound, MRI, angiog-
raphy, interventional radiology and contrast media) in most of
the countries incorporated in the pre-clinical part of the training
because it is a requered knowledge for feather radiology teaching,
for example, for teaching of radiology of diseases which are taught
mostly in the clinical part of the training.

As to human resources involved in radiology education, 85%
of European training centres involve more than two radiology
staff members, and is interesting to see that the country aver-
age is twelve staff members. This finding reflects the situation in
the Canadian Undergraduate Radiology Program where on aver-
age 10.9 radiology staffs are involved in teaching activities [9]. In
the literature the importance is stressed that radiology staff adopt
a consistent educational approach: compatible teaching meth-
ods, clear learning objectives pursued throughout the different
curriculum years and taking into account the progressive level
in radiology competences of undergraduate students [7]. This is
also recognized as critical to extend multidisciplinary collabora-
tion within the teaching context [20]. In most European medical
training centers, the radiology topics are mainly taught by general
or specialized radiologists or radiology trainees. Radiology tech-
niques and radiation protection are additionally taught by physics,
radiology anatomy is especially taught by anatomist. The latter
is not surprising and even preferred in the literature due to the
close linkages and needed level of integration between these disci-
plines [15,17,32]. The fact that specialized radiologists are involved
is also favored in the literature. Radiologist have proven to be
successful radiology educators [12,18,24,33,34]. As professionals,
radiologists are able to develop a deeper level of understand-
ing in students to interpret radiology issues, to answer in-depth
questions and to solve the clinical queries from a comprehensive
patient perspective. We therefore agree with the statement of Gun-
derman et al. that: “Radiologists teach diagnostic imaging better
than anyone else” [7]. But attention should be paid to the ade-
quate level of radiology teaching. There is a risk that specialized
radiologists teach at a too high level and prefer to focus on rare
diseases and advanced techniques, thus forgetting about first line
radiology.

The involvement of specialized radiologists is a point of con-
cern in the literature [12,27]. Concerns are raised about actual staff
participation and the reward system adopted for teaching activi-
ties in radiological departments in e.g., US medical schools. In the
current system, an appropriate remuneration system is lacking.
Moreover, in short-staffed departments, staff will be hardly geared
to be involved in teaching activities when the workload gets higher
and there is hardly sufficient time for teaching. Unfortunately, this
situation seems to be mirrored in European schools where clini-
cal activities compete with involvement in teaching activities. Our
research has some limitations in this context, since questions were
included about the balance between teaching and clinical work of
radiologist staff or about the incentives and reward system to foster
an educational orientation of radiology staff. This could be taken up
in a future study.

As part of the instructional design, evaluation is an important
component of the educational experience. Both teachers and stu-
dents benefit when learning objectives are clearly defined, learning
activities are clear structured and systematically evaluated [35].
Building on the findings of the present study, it is clear that
radiology-related evaluation is high on the agenda of all institu-
tions. Radiology seems to be dominantly evaluated as part of a
broader examination. But, when radiology is entirely incorporated
within a broader examination setting (e.g. linked to evaluation
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related to thorax disease, internal medicine, surgery, pharmacol-
ogy, pathology), a risk exists that radiology assessment is limited
to a few number of the questions and that (some) students will
hardly learn radiology. To ensure that students master radiology-
related competences, a separate radiology examination is
required.

Written tests and oral examinations were the most com-
monly used methods to set up student evaluation. It is striking
that computer-based assessment PC or/and OSCE evaluation are
not widespread. But, these results are similar to the assessment
methods adopted by US medical schools [27,36]. The important
advantage of PC is the possibility to make appropriate questions
with different levels of difficulty and with a high quality of images.
For example, the type of questions as: “click on this or that anatomic
structure” or “give the name of the anatomic structure/pathology”
or “what is differential diagnosis?” can be used for testing of image
interpretations skills or knowledge of radiological anatomy or radi-
ology of diseases. The type question as “choose most appropriate
imaging technique to solve this clinical question. . .” can be used
for testing of knowledge of radiological techniques or appropriate
use of imaging techniques.

The research results demonstrate the importance of radiological
clerkships in medical undergraduate teaching. In 88% of the Euro-
pean teaching centers an opportunity to be involved in radiological
clerkship is provided. Next to the observation that this clerkship
is mostly set up during the third or the fourth year, we observe a
number of countries were the radiology clerkships is limited to a
couple of days. In the questionnaire, we did not focus on the nature
of the radiology clerkship, so it is less clear whether clerkships are
set up as a required or elective curriculum component. Results from
research related to radiology clerkships at teaching hospitals in the
US [27] show that less than one third of medical schools include
required radiology clerkships in their program. These clerkships
have a median length of 3 to 4 weeks, depending on the number of
fourth year students involved.

Differences in duration of clerkships between countries can be
linked to different types of radiology clerkships and the curriculum
year they are being organized. This can also explain the different
planning of observational visits versus active radiology clerkships
throughout the medical curriculum.

The educational impact of different types of radiology clerk-
ships has clearly been established. Researchers refer to an impact
on knowledge of imaging modalities, interpretation skills and atti-
tudes towards radiology [8,13,26,28,29,37,38]. Also, clerkships can
be helpful to induce the interest for radiology among students, and
the possibility to be involved in related scientific work. According
to the Bologna declaration (The Bologna Declaration of June 1999,
Prague communiqué of May 2001, Berlin communiqué of Septem-
ber 2003) scientific research is a key characteristic of the academic
higher education curriculum. It is therefore encouraging that all
institutions involved in the present study reported opportunities
for students to carry out independent scientific work in the radiol-
ogy field. As expected, the percentage of students interested in this
area is rather low (4%).

There are several limitations to the present study. First, we have
to point at the impact of response bias that is typical for survey-
based studies. Though our response rate of 89% is acceptable, we
nevertheless have to consider that only one representative of each
country filled out the survey. This can be questioned considering
the differences in country size, volume of the national health care
system, and the number of medical training centers in a country.
This implies that it was possible to determine between-country
variation, but not the potentially large within-country variation.

Second, due to the nature of our study, analysis of the data was
restricted to an exploration of quantitative data. No inferential sta-
tistical tests have been carried out. Thus, in future studies, it is

advisable to involve more training centers for each country to get
a clearer and more complete picture about radiological education
across different training centres in Europe.

Thirdly, the quantitative results show some strikingly large dif-
ferences, for example, the differences in teaching hours related
to radiology teaching. This implies that a focus on means and
the median is less relevant. Future studies should focus on these
large differences and set up analysis of outliers and extreme val-
ues. As suggested in the results section, some survey data suggest
that respondents might have interpreted questions in a particular
way (mixing up total hours spent on radiology teaching and hours
devoted to specific radiology topics). A cross-validation of the data
by adding e.g., qualitative interviews could help to develop a more
in-depth and controlled picture. Additionally, analysis results could
be fed back to respondents for cross-checking.

The future research could also take an inventory of the teaching
activities during clerkships and staff participation on it, and used
rewards systems across Europe. These topics were not intended in
this research but will be very useful for better understanding of
curricular difference and institutional needs across the European
countries. In addition, the student perspective could be consid-
ered by involving representative samples of students in the study.
This would help to develop a picture of student perspectives on
radiology teaching.
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Appendix A. List of countries in the “ESR survey on
undergraduate teaching”

AT Austria
BA Bosnia and Herzegovina
BE Belgium
BG Bulgaria
BY Belarus
CZ Czech Republic
DE Germany
DK Denmark
EE Estonia
ES Spain
FR France
GE Georgia
GR Greece
HR Croatia
HU Hungary
IE Ireland
IS Iceland
IT Italy
LT Lithuania
LU Luxembourg
LV Latvia
ME Montenegro
MK Macedonia
NL Netherlands
NO Norway
PL Poland
PT Portugal
RO Romania
RS Serbia
SE Sweden
SI Slovenia
TR Turkey
UA Ukraine
UK United Kingdom
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