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ABSTRACT

Objective The aim was to develop a new curriculum for radi-
ology in medical studies, to reach a national consensus and to
integrate it into the new national competence-based learning
objectives catalog (NKLM 2.0). In this statement of the
German Radiological Society (DRG), the process of curriculum
development is described and the new curriculum is present-
ed together with suggestions for practical implementation.

Materials and Methods The DRG has developed a new curri-
culum for radiology. This was coordinated nationally among
faculty via an online survey and the result was incorporated
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into the NKLM 2.0. Furthermore, possibilities for the practical
implementation of the competency-based content are shown
and different teaching concepts are presented.

Results The developed curriculum is competency-based and
aims to provide students with important skills and abilities for
their future medical practice. The general part of the curricu-
lum is divided into the topics “Radiation Protection”, “Radio-
logical Methods” and radiologically-relevant “Digital Skills”.
Furthermore, there is a special part on the individual organ
systems and the specific diseases. In order to implement this
in a resource-saving way, new innovative teaching concepts
are needed that combine the advantages of face-to-face
teaching in small groups for practical and case-based learning
with digital teaching offers for resource-saving teaching of
theoretical content.

Conclusion We have created a uniform radiology curriculum
for medical studies in Germany, coordinated it nationally and
integrated it into the NKLM 2.0. The curriculum forms the ba-
sis of a uniform mandatory radiology teaching and should be
the basis for the individual curriculum development of each
faculty and strengthen the position of radiology in the inter-
disciplinary context.

Key Points:

= A radiology curriculum for undergraduate medical educa-
tion was developed.

= The curriculum was brought into agreement among the
faculties in Germany and integrated into the NKLM 2.0.

= This curriculum is intended to be the basis for curriculum
development and to strengthen the position of radiology.

= In order to implement the competence-based teaching,
new innovative teaching concepts are necessary.
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ZUSAMMENFASSUNG

Ziel Ziel war es, ein neues Curriculum fiir die Radiologie im
Medizinstudium zu entwickeln, national zu konsentieren und
in den neuen nationalen kompetenzbasierten Lernzielkatalog
(NKLM 2.0) zu integrieren. In diesem Artikel soll als ein State-
ment der Deutschen Rontgengesellschaft (DRG) der Prozess
der Curriculumentwicklung beschrieben und das neue Curri-
culum zusammen mit Vorschldgen zur praktischen Umset-
zung vorgestellt werden.

Material und Methoden Die DRG hat ein neues Curriculum
fir die Radiologie erarbeitet. Dieses wurde mittels einer
Online-Umfrage national unter den Lehrverantwortlichen ab-
gestimmt und das Ergebnis in den NKLM 2.0 eingebracht. Des
Weiteren werden Mdglichkeiten der praktischen Umsetzung
der kompetenzbasierten Inhalte aufgezeigt und verschiedene
Lehrkonzepte vorgestellt.

Ergebnisse Das erarbeitete Curriculum ist kompetenzbasiert
und soll den Studierenden wichtige Fahigkeiten und Fertigkei-
ten fiir ihre spatere drztliche Tatigkeit vermitteln. Der allge-
meine Teil des Curriculums gliedert sich in die Themen
»Strahlenschutz®, ,Radiologische Methoden“ und radiolo-
gisch relevante ,Digitale Kompetenzen“. Des Weiteren gibt
es einen speziellen Teil zu den einzelnen Organsystemen und
den spezifischen Krankheitsbildern. Um dies ressourcenspar-
end umzusetzen, sind neue innovative Lehrkonzepte nétig,
die die Vorteile des Prasenzunterrichts in kleinen Gruppen
zum praktischen und fallbasierten Lernen mit digitalen
Lehrangeboten zur ressourcensparenden Vermittlung theore-
tischer Inhalte kombinieren.

Schlussfolgerung Wir haben ein einheitliches radiologisches
Curriculum fir das Medizinstudium in Deutschland erstellt,
national abgestimmt und in den NKLM 2.0 integriert. Das
Curriculum bildet die Grundlage einer einheitlichen verpflich-
tenden radiologischen Lehre und soll Grundlage fir die indivi-
duelle Lehrplanentwicklung der einzelnen Fakultdten sein so-
wie die Position der Radiologie im interdisziplindren Kontext
starken.

Introduction

Radiology is an important interdisciplinary subject within the
study of human medicine. Radiological content is taught in precli-
nical subjects, such as anatomy (cross-sectional anatomy) and
physics (radiation physics and equipment technology), and is
essential in almost all clinical subjects for both diagnostics and
radiological interventional therapy of specific pathologies. On
the one hand, as a subject that is so widely represented, it is a
challenge to convey the radiological course content coherently
while remaining visible as an independent subject in conjunction
with other individual disciplines. On the other hand, this also
offers the opportunity to use synergies together with other disci-
plines in integrative teaching, to accompany students throughout
their studies and continuously inspire them for the subject with
new aspects.

The study of medicine has undergone constant change during
the past decades and which continues through the present.
Whereas basic science subjects used to be integrated into medical
curricula, this has changed in recent decades to problem-oriented
and integrative teaching, in which the separation between precli-
nical and clinical subjects has been largely eliminated, especially in
the reform and model degree programs [1]. Currently, the focus is
increasingly on competency-based and digital teaching, in which
instead of theoretical content, skills and competencies are
increasingly taught. This reform process was initiated by recom-
mendations for the further development of medical studies in
Germany, which were published in 2014 by the Science Council
of the Federal Republic of Germany [2]. Based on this, the Medical
Faculty Association (MFT), together with the Society for Medical
Education (GMA), developed the National Competence-Based
Learning Objectives Catalog for Medicine (NKLM), published for
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the first time in 2015 [3]. In 2017, the Federal Ministry of Educa-
tion and Research decided on extensive changes to medical stud-
ies in the “Master Plan for Medical Studies 2020”, which include, in
particular, practical relevance, a stronger focus on competencies,
a strengthening of general medicine, and a reorganization of
examinations, and which are to be anchored in a new licensing
regulation for physicians [4]. The new licensing regulations are
due to come into force in 2025; the first draft was published at
the beginning of this year [5]. In the course of the revision of med-
ical education by the Master Plan for Medical Studies 2020, the
NKLM as well as the Catalog of Medical Subjects (GK) were also
fundamentally revised. The NKLM 2.0, in which representatives
of the individual scientific professional societies were represented
in its creation, as well as the MFT and the Institute for Medical and
Pharmaceutical Examination Questions (IMPP), was published in
the spring of 2021 [6]. In addition to the learning objectives
contained in the mandatory core curriculum, individual medical
school departments can also set their own priorities, which are
defined in the form of an optional curriculum in the NKLM. The
curriculum developed on the basis of the NKLM 2.0 is to be further
elaborated by 2025 and will then no longer merely have the char-
acter of a recommendation, but will be an integral part of the new
licensing reqgulations for physicians and relevant examination
content of the IMPP.

The NKLM is intended to reduce theoretical factual learning in
favor of teaching skills and competencies in the medical profes-
sion. In particular, this involves competencies that represent be-
haviors and so-called soft skills as overarching learning objectives,
such as medical communication skills as well as respect and em-
pathy in dealing with patients, their relatives and colleagues from
medical and non-physician professional groups [7]. For radiology,
this no longer means just imparting knowledge, but also teaching
basic practical skills such as independent image and report
description of X-ray images as well as practical performance of
orienting ultrasound examinations of the neck, abdomen and
blood vessels. This also includes the acquisition of competencies
for the assessment of diagnostic value, i. e. which method is suita-
ble for which issue, the indications and contraindications of the
various radiological modalities as well as the classification of diag-
nostic and therapeutic methods in an interdisciplinary context,
including adequate communication with the referring physician
and the patient. Finally, increased digitalization is a significant
innovation. This concerns both teaching content per se, but also
digital competencies to be learned for medical studies and the
practice of medicine.

The NKLM differentiates the depth of learning into three differ-
ent levels of competence which build on each other. In this
context, factual knowledge (competence level 1) and practical
and theoretical knowledge (competence level 2) are prerequisites
for achieving practical competence (competence level 3, a: under
guidance and b: independently) [3]. During medical school,
various teaching contents recur in a learning spiral, each with an
ascending level of competency. The aim of our committee work
was to develop a new curriculum for radiology in medical studies,

to reach a consensus with the department chairs and those
responsible for teaching at the individual faculties, and ultimately
to integrate it into the NKLM 2.0. The curriculum is intended to be
a guideline for practical implementation and at the same time
serve as an official statement of the German Radiological Society
(DRG) when coordinating the teaching content with the deans of
studies at the individual universities. In this paper we would like to
introduce the process of curriculum development and national
coordination and present the result. Furthermore, we shall pres-
ent different teaching concepts and consequently provide
suggestions for an effective and resource-saving implementation
of these innovations.

Materials and Methods

Mapping

Curriculum development involved mapping of the entire NKLM in
its 2015 version [3] including the radiology teaching content at
three medical departments (Hannover, Cologne, and Mannheim);
this was performed by the respective teaching staff. For this
purpose, for each learning objective specified in the NKLM, it was
documented whether it was taught or not. A model radiology cur-
riculum was designed based on this mapping as well as publica-
tions on teaching content by the European Society of Radiology
(ESR) [8], the DRG [9] the Joint Commission of the Swiss Medical
Schools [10].

Coordination with Radiology Department Chairs
and Faculty

The developed model curriculum was sent to the chairs of radiol-
ogy and - as far as differentiated and known - to the teaching
staff of all 36 medical faculties in Germany with the request for
additions, comments and approval. The invitation was sent via
DRG as an online-based survey using EvaSys 7.0 (Electric Paper
Evaluationssysteme GmbH, Liineburg, Germany). In principle, the
questionnaire was designed as an anonymous survey. However,
since correlation with the individual departments can sometimes
be helpful and enable queries, there was also the option of provid-
ing one's name and location.

The questionnaire was divided into three parts: “Radiation
Protection”, “Methods” and “Organ Systems”. In the sections
“Radiation Protection” and “Methods”, comments with changes
or additions to the proposed teaching content could be made in
free text fields. In the “Organ Systems” section, the radiological-
ly-relevant pathologies were listed according to organ systems
after evaluation of the mapping. The assessment regarding their
relevance in radiology teaching was made using an ordinal scale
(0=not relevant in radiology, 1=may be relevant in radiology
and should be taught optionally depending on the focus of the de-
partment, 2 =very relevant in radiology and should be taught
compulsorily in the core curriculum). In addition, free text fields
were used to record further comments.
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Results

Survey

Twenty-four respondents participated in the radiology depart-
ment chair and faculty survey, in addition, the three departments
at Hannover, Cologne and Mannheim where the mapping was
performed were included. Due to the fact that the survey was
anonymous and sent to both department chairs and faculty mem-
bers, it is unclear how many departments actually participated.
Nevertheless, representatives of all faculties had the opportunity
to give feedback, and together with the rather high number of
participants of 24 + 3 persons, considering that there are 36 med-
ical schools in Germany, the response can be considered as suffi-
ciently representative.

Overall, consensus on the already developed curriculum was
high. Due to the survey results the curriculum was revised and
expanded. Free text comments from the “Radiation Protection”
and “Methods” were integrated. Based on the weightings of the
relevance of the different pathologies in the “Organ Systems” sec-
tion, the median was calculated and differentiated accordingly
into “radiologically very relevant and should be taught compulso-
rily in the core curriculum” and “radiologically possibly relevant
and should be taught optionally depending on the focus of the
department”. Pathologies that were deemed “radiologically irre-
levant” by the vast majority of respondents were removed from
the curriculum. Based on suggestions by survey respondents,
some new pathologies were added. Digital competencies and
the field of interventional radiology appeared underrepresented
in the 2015 NKLM, so that in conjunction with the project group
“Digital Competencies” and the working group “Therapeutic
Measures” of the NKLM/GK Development, there was a
corresponding expansion of the curriculum.

Curriculum

» Table 1 shows the general part of the developed and nationally-
coordinated curriculum with the topics “Radiation Protection”,
“Radiological Methods” and radiologically-relevant “Digital Com-
petencies”. In addition to the pure listing of learning objectives,
the depth of competencies to be achieved as of the various dates
of the state examinations are also indicated. Furthermore, there is
a special section on the individual organ systems and the specific
clinical pathologies with reference to the various chapters of the
NKLM. The list of pathologies of particular relevance to radiology,
compiled with the help of the survey, is presented with reference
to the respective chapters of the NKLM in » Table S1-S8 in the
Online Supplement. Depending on relevance, a distinction is
made here between “core curriculum” for mandatory teaching
content and “departmental curriculum” for optional instructional
content depending on the focus of the department.

Discussion

Based on our work, we were able to create a new curriculum for
medical studies, obtain approval from department chairs and re-
latedfaculty, and ultimately integrate it into the new national

competency-based learning objectives catalog (NKLM 2.0). The
curriculum is intended to be a guideline for practical implementa-
tion while serving as an official statement of the German Radio-
logical Society (DRG) when coordinating teaching content with
the deans of studies at the individual universities.

The essential innovation of this curriculum is competency-
based learning. In particular, this involves competencies that
represent activities and practical skills as overarching learning ob-
jectives. In radiology, these include the independent description
of images and findings on X-rays, practical performance of orient-
ing ultrasound examinations, selection of the correct examination
modality depending on the issue and the patient, as well as the
classification of diagnostic and therapeutic methods in an inter-
disciplinary context, including adequate communication with the
referring physician and the patient. In addition, there is increasing
digitalization, affecting both the teaching content and digital
skills to be learned during training and medical practice and which
should ultimately be reflected in our teaching activities.

In order to implement this new curriculum, extensive changes
in teaching will be required at the vast majority of departments.
This concerns both the structure and teaching concept in the
overall context of the respective university as well as the teaching
approaches within radiology, including increasing digitalization.
The following will present various options as well as a discussion
of related advantages and disadvantages.

Instructional Concepts in Radiology

The overall approach to teaching this content will vary from de-
partment to department. Depending on whether the program is
a regular, model, or reform program and the organization at each
site, radiology may be taught separately as a single subject or in-
tegratively in conjunction with other clinical and preclinical sub-
jects. From our point of view, a combination of both is desirable:
a modality-oriented part (corresponding to Parts 1-3 of the curri-
culum), which is mainly taught subject-specifically or integrated
in a methodological course, and an organ system-oriented part
(Part 4 and sections of radiological image analysis in Part 2), for
which integrative teaching is appropriate. If teaching is exclusively
integrative, there is a risk that students will not get a sufficient
overview of the basics of radiation protection and radiological
methods, and the focus on radiology as a subject in its own right
can be lost. Purely subject-specific teaching can neglect the inter-
disciplinary context of radiological diagnostic and therapeutic
procedures, and the clinical relevance of radiological content
recedes into the background.

The timing of radiological teaching during medical studies also
differs greatly from department to department. In standard curri-
cula, radiology usually appears relatively late as an independent
course. In model and reform programs, radiology is often taught
integratively with other subjects throughout the course of study,
although here, too, the focus on radiology is usually in the higher
semesters. On the other hand, surveys as well as our internal
evaluations show that students would like to see radiology imple-
mented earlier in their studies, especially to learn skills such as
chest X-ray diagnosis and reporting [11, 12].
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» Table 1 Radiological methods and radiation protection: chapter, learning objectives and competency levels in NKLM.

chapter

VII.2-03

VII.2-03.1

VII.2-03.1.1

VII.2-03.1.2

VII.2-03.1.3

VII.2-03.1.4

VII.2-03.2
VI1.2-03.2.1

VII.2-03.2.2

VII.2-03.2.3

VII.2-03.2.4
VII.2-03.2.5

VII.2-03.2.6

VII.2-03.3
VII.2-03.3.1

VI1.2-03.3.2

VII.2-03.3.3

Vil.2-03.4

VII.2-03.4.1

VIl.2-03.4.2

VII.2-03.4.3
VII.2-13

1298

competency|Learning objective GL BK PY WK
M1s M1m M2 M3

Graduates select imaging procedures without ionizing radiation with or without
contrast agents according to indication, patient, gender, age and situation and use the
results for further diagnostic and therapeutic decisions.

They are familiar with sonography including color duplex, Doppler, B-scan sonography,
Doppler occlusion pressure, endosonography, echocardiography (TTE+TEE) with or
without echo-enhancing contrast. They can ...

... explain and provide the indications and contraindications of the various sonography 1 2 2 3a
procedures with and without contrast and request the examination (e. g. electronically).

... understand and explain the basic principles of image formation and underlying tissue 2
properties in sonography.

... explain the significance of sonographic findings in the clinical context, use sono- 2 2 3a
graphic findings for further diagnostic and therapeutic decisions, and take appropriate

action.

... explain the basic procedure of abdominal and cervical sonography and perform 2 3a 3a

B-scan sonography.
They are familiar with diagnostic radiology with or without contrast. They can ...

... understand and explain the physical principles of image formation and tissue 2
properties in X-ray and CT.

... explain and apply the legal requirements and guidelines of radiation protection for 2 3a
the use of ionizing radiation and the handling of open radionuclides and use biological-

physical principles to protect patients, the environment and themselves from the

consequences of ionizing radiation.

... explain indications and contraindications for X-rays and fluoroscopy including angio- 1 2 3a
graphic diagnostics with and without contrast, provide relevant information, document

this and request the examination (e. g. electronically). They know the risks and side

effects of X-ray contrast agents and have mastered the basics of contrast-associated

complication management.

... name and differentiate relevant anatomical structures in radiographs. 1 2

... recognize and describe relevant pathological changes and structures extraneous to 1 2 2
the body in radiographs.

... name and explain the most important pharmacological and physical properties of
contrast agents and other diagnostically-used drugs.

They are familiar computed tomography (CT) with or without contrast. They can ...

... recognize relevant anatomical structures in cross-sectional imaging (sonography, 1 2
MRI, CT) and apply this knowledge when locating the structures independently.

Explain indications and contraindications for computed tomography with and without 1 2 2 3a
contrast, provide relevant information and document this. They know the risks and side

effects of iodine-based contrast agents and can explain the basics of contrast-associated

complication management.

... recognize and describe relevant pathological changes in cross-sectional imaging 1 2 2
(sonography, MRI, CT) and classify them in the context of applicable guidelines.

They are familiar with magnetic resonance imaging (MRI) with or without contrast.
They can ...

... explain the indications and contraindications of an MRI with or without contrast 1 2 2 3a
agents and request the examination (e. g. electronically). They know the risks and

side effects of MRI contrast agents and can explain the basics of contrast-associated

complication management.

... understand and explain the basic principles of image formation and tissue properties 2
in MRI, including the most important sequences and special safety aspects.

... Educate and prepare patients for an MRI scan. 2 3a 3b

The participants know the significant of digitalization in medicine and diagnostics.
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» Table 1

(Continuation)

chapter competency/Learning objective GL PY WK
M1s M2 M3
VII.2-13.1 They are familiar with digitalization in medicine, current developments in the field of
artificial intelligence, personalized medicine and digital imaging. They can ...
VII.2-13.1.1 ... name important standards in medical information technology. They know the term 2
interoperability and its necessity, levels and requirements and can explain them with a
clinical example.
VII.2-13.1.2 ... apply and evaluate the recent techniques of virtual reality (VR), augmented reality 1 2
(AR), and computer-assisted medicine in a reflective manner.
VII.2-13.1.3 ... explain the concept personalized medicine and know the basics as well as medical 1
applications of machine learning and Al systems also in the context of the Medical
Devices Act.
VII.2-13.1.4 ... explain different types of knowledge-based systems and medical applications of
clinical decision support systems (CDSS) to optimize patient care and know their
advantages and limitations.
VIl.2-13.1.5 ... explain deployment scenarios for telemedicine applications and their framework 2
conditions.
VII.2-13.1.6 ... explain and apply procedures for image enhancement as well as visualization, 2 3a
registration and segmentation of medical images.
VIIl.2-06.3 ... recognize and reflect on the impact of digital applications with regard to the 1 2 3a
doctor-patient conversation and the doctor-patient relationship.
VII1.6-04.3 ... explain specific requirements, challenges, opportunities and limitations of the 2 3a

doctor-patient relationship due to new technological procedures and take them into

account in their activities.

1=Specialized knowledge: identify and explain descriptive knowledge (facts). 2 =Skill and reasoning knowledge: explain facts and relationships, classify
them in the clinical-scientific context and evaluate them based on data. 3a=Competency: perform and demonstrate under supervision. 3b: Competency:
perform independently and in a manner appropriate to the situation, knowing the consequences. GL = Basic skill; BK = Basic medical skill for training that
is directly related to the patient; P = Practical Year skill; WK =Medical license and advanced training skills; M1 s =15t state examination (written);

M1 m = 15 state examination (oral); M2 = 2" state examination; M3 = 3™ state examination.

Different Teaching Formats and Digitalization
in Radiology

Evaluation and adaptation of teaching methods is necessary in
addition to the basic structure and timing of teaching radiology
in the overall concept of the respective university. A change in
didactics is essential if skills and competencies are increasingly
taught instead of theoretical content. Although theoretical princi-
ples can generally be presented in the traditional lecture format,
practical implementation of these changes will no longer be pos-
sible in a lecture hall with several hundred students, rather in
smaller groups and competency-based instruction. In addition to
new teaching content and improved didactics, however, resour-
ces and the considerably increased personnel requirements must
also be addressed. Even in the case of lecture-based teaching, it is
sometimes a time challenge to be sufficiently engaged in student
teaching in addition to patient care and scholarly activities. The
problem will increase many times over with competency-based
instruction in smaller groups if innovative teaching concepts that
conserve personnel and resources are not developed. In order to
develop such concepts and utilize them synergistically, the work-
ing group “Implementation of the NKLM” was established and
located at the MFT as part of the working group “Teaching” and

will - with radiological participation - accompany and support
the introduction and implementation of the NKLM at the medical
faculties in Germany.

Digitalization in medicine has given us opportunities to imple-
ment the revised NKLM and has called for new concepts for practi-
cal implementation [13-15]. One widespread format is e-learning,
in which purely computer-based content is presented. Once the
content is created, this form of teaching is very resource-efficient
and is also popular with students as a supplement to traditional
teaching because it is independent of time and place and allows
students to learn at their own pace. Disadvantages include a lack
of interpersonal interaction and sharing as well as an absence of
opportunity to impart practical skills [16]. Furthermore, the initial
additional effort involved in creating digital teaching content,
acquiring the necessary media skills and creating a functioning IT
infrastructure should not be underestimated, which, in contrast to
conventional teaching, cannot be done by lecturers alone. Another
rather organizational disadvantage of e-learning is that it is not
taken into account in many departments both in the allocation of
performance-based funds and in the recognition of personal teach-
ing performance, e.g. for an intended qualification to teach at a
university. There is a lot of catching up to do here, which has
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certainly been accelerated in many places with the change in teach-
ing concepts as a result of the COVID-19 pandemic.

As a result of the pandemic-related contact ban, digital forms
of communication such as videoconferencing systems in particul-
ar have come into focus in addition to e-learning. Video conferen-
ces can be seamlessly and advantageously integrated into teach-
ing to allow individual interaction between instructors and
students. For example, as in a lecture or seminar, questions can
be asked or opinion polls can be conducted. Screen sharing allows
the teacher to convey knowledge in the form of a presentation or
a whiteboard in real time, while students can make entries inter-
actively and point out certain image content - this particularly
applies to seminars. Likewise, small-group work dividing the video
conference participants into further subgroups is also possible.

Interactive case collections, e.g. on DRG’s “conrad” learning
platform (UniRad, CoRad-19), significantly support digital teach-
ing concepts. Students are able to deal with real radiological prob-
lems individually and interactively. The combination with video
conferencing offers the possibility to work on cases with the sup-
port of a teacher and clarify open questions or problems. In the
case of classroom activities such as block internships, clinical trai-
neeships or during the practical year, the combination of case-
based learning using routine cases or specially preselected teach-
ing cases with video-based discussions offers the possibility of
teaching close to reality, comparable to the workplace.

In the field of examinations, this implementation is more diffi-
cult, especially for legal reasons, since attempts to cheat can only
be countered by taking considerable technical precautions. On
the other hand, computer-based testing of higher skill levels is
easier than using multiple-choice questions.

The advantages and disadvantages of classic teaching meth-
ods in the form of classroom events and e-learning are obvious.
In order to effectively utilize the respective advantages and mini-
mize the disadvantages, teaching concepts have been developed
in which both forms of teaching are combined [17], including
blended learning and the “flipped classroom”, concepts which
have already been tested in radiology. They have a high level of
acceptance among students and also offer the potential to
improve the visibility and attractiveness of the discipline [11, 18,
19]. In the following, different teaching formats are briefly pres-
ented and possible applications in radiology are explained.

The lecture is the classic teaching method in which the instruc-
tor imparts knowledge in an auditorium in the form of an oral pre-
sentation, usually with the help of slides, and the students take a
mostly passive role. This form of teaching is very common be-
cause it saves resources, especially with larger groups of students,
even though it is now considered outdated from a didactic point
of view [1, 20]. Some teaching can certainly still take place as lec-
tures, but the majority of courses should not be taught using this
format, and a combination should be sought with teaching in
small groups as well as innovative teaching methods to impart
competencies. In the case of lectures, engaging the students can
contribute significantly to improvement. Numerous well-tested
and scientifically evaluated methods for the use of digital media
(e.g. quiz tools) are available for this purpose, leading to
improved knowledge acquisition and a more sustainable learning
effect.

In radiology, small-group teaching is particularly suitable for
problem-based learning with independent viewing and diagnosis
of X-rays and cross-sectional images [19, 21] as well as learning
the basics of sonography and interventional radiology [22, 23].
For example, the focus may be on anatomical orientation, recog-
nizing and describing pathology, or acquiring skills. This type of
instruction can be devoted solely to radiology or integrated with
other subjects; it allows for a high level of interaction and sharing
of experiences and is very popular with students. Disadvantages
include high personnel demands and the provision of sufficient fa-
cilities with appropriate technical equipment, such as computers
with image viewing software or ultrasound units. Therefore, with
the given resources at many departments, it will only be possible
to design some of instructional activities in this format. Further-
more, small-group instruction is particularly appropriate for select
groups of students, e. g., as part of an elective or compulsory elec-
tive subject course. In addition to resources, it should also be
considered here that students who are very interested in radiolo-
gy in particular can sign up for such courses and be motivated to
specialize.

When local conditions permit, hands-on radiology instruction
is also available in larger student groups. This requires appropriate
equipment, such as a multimedia room. At Hannover Medical
School (MHH), radiological reporting training [19] with special
reporting software (Visage Imaging, Pro Medicus Limited, Rich-
mond, Australia) has already been in place since 2015; this soft-
ware provides all the functions required for clinical routine, such
as multiplanar reformation and volume rendering. Here, 4™ and
5t year students work on radiology cases independently and
then present them as a group; the instructor assists and provides
background information. Similar formats already exist at other
universities [24, 25]. This form of teaching supports instruction
of larger groups of up to approximately 30 students. The format
is thus somewhat more resource-efficient than small-group
instruction and can be used for at least some of the compulsory
instruction.

E-learning provides computer-based instruction. Some
universities have special web-based programs for this purpose,
such as “llias” at the Hannover Medical School, OLAT at the Uni-
versity of Zirich, or Moodle. Following preliminary work by the
University of Tiibingen (TUERAD), the DRG, in cooperation with
MeVis, has created the digital teaching platform “conrad”, on
which, in addition to certified online courses and practical case
collections for physicians and lecture recordings from congresses,
several courses for students are also available (UniRad, CoRad-19)
[26]. Depending on the software used, interaction in the form of
cases and questions is possible in addition to pure knowledge
transfer. For radiology, special attention should be paid to the
possibility of image viewing. In addition to single images, it should
also be possible to view CT data sets in DICOM viewers. Likewise,
integration of videos is also helpful [26-28]. Unlike instructor-
based instruction, this digital teaching format supports learning
at one’s own pace, detached from time and place. Once the
content is created, the method is time and resource efficient,
especially when content is shared across departments through
collaboration. Disadvantages include the lack of interaction and
limited personal attention from the instructors, which can lead,
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among other things, to a reduction of attention among the audi-
ence.

Unlike e-teaching, instructional films do not support student
interaction, much like a lecture or presentation. In addition to
slides with audio, recorded lectures can also be counted as part
of this. Nevertheless, students are independent of time and place
and can choose their own learning pace by interrupting the video
or repeating certain sequences. Educational videos are already
widely available [29], and there are radiology educational videos
on YouTube [30] and “conrad”, for example, that explain the
basics of the various radiological modalities or provide an intro-
duction to chest X-ray reporting. Instructional films can be used
independently or embedded in e-learning modules.

Blended learning (integrated learning) combines traditional
in-person formats with e-learning. An example of practical appli-
cation is an e-learning module on the topic of FAST sonography
with a subsequent classroom event in small groups, in which the
theoretically learned content can be practically demonstrated
[22]. There are also reports regarding instruction in radiological
anatomy [31] as well as mammography [32]. The approach
supports effective and flexible forms of teaching combined didac-
tically with practical instruction during in-person events. The
disadvantage of the lack of competence transfer in the context of
e-learning is mitigated by the subsequent practical live event, and
at the same time instruction remains resource-efficient due to the
preceding independent digital learning component. Blended
learning thus provides a suitable combination of different media
and methods to enhance their advantages and minimize their dis-
advantages. To achieve this, the phases of classroom teaching and
online teaching must be closely coordinated. By using the optimal
medium in each step of the learning process, blended learning
represents an almost universally applicable form of instructional
organization [33, 34].

The concept of the “flipped classroom” was introduced in
2012 [35]. Here, the usual sequence of first conducting lessons
and then doing homework is reversed. Students prepare inde-
pendently and in subsequent classes apply their newly-acquired
knowledge directly. In addition to independent preparation using
a textbook, an e-learning module or an educational film can also
be used as homework [36]. Subsequent classroom activities can
be used to apply the knowledge already gained and to discuss it
in the group. The instructor is not the focus of the action here,
but merely assists the students with advice and action and can
flexibly respond to gaps in knowledge and correct misunderstand-
ing. Thus, there is a change from instructor-centered to student-
centered teaching [37, 38]. Time used for interaction between
student and instructor can be used more effectively through prior
self-study, since acquiring basic knowledge has already taken
place [39, 40]. The practical skills acquired can then be further
consolidated in the follow-up using digital case collections in
self-study. The flipped classroom demonstrably increases the
satisfaction and personal involvement of students, active partici-
pation allows them to manage their learning success themselves.
The high practical relevance and the direct applicability of what
has been learned increase their motivation and interest in the sub-
ject matter, consequently providing the learning content with
greater emotional significance while enabling more substantial

learning [38]. Increased interaction in the classroom also increas-
es the learning effect for the students [14, 40]. This instructional
format has been used successfully for years, especially in the
Anglo-American region, in a wide variety of disciplines, and initial
reports for use in radiological teaching have now been published
[41-44].

Summary

The new radiological curriculum for medical studies was drawn up
in collaboration with the department heads of radiology in
Germany and their instructional staff and integrated into the
NKLM 2.0. The competency-based instruction described here is
reflected in radiology primarily in the independent diagnosis of
X-ray images, performance of orienting ultrasound examinations,
assessment of the diagnostic value and indications of the various
radiological modalities, the classification of diagnostic and thera-
peutic methods in an interdisciplinary context and communica-
tion with the referring physician and the patient and/or caregiver.
In order to implement these skills in a resource-saving manner,
new, innovative teaching concepts are necessary which combine
the advantages of classroom teaching in small groups for practical
and case-based learning with digital courses in the form of
e-learning and educational films for resource-saving instruction
of theoretical content. With respect to digital content in particul-
ar, there is a national level of cooperation that has already begun
with UniRad and which opens up new opportunities with the
implementation of NKLM 2.0.
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