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15Inquiry-Based Learning in Medicine

Thorsten Schäfer

At each new encounter with a patient, medical students are challenged to engage in 
inquiry-based learning, at least implicitly. Currently, great efforts are being made to 
explicitly integrate inquiry-based learning and research into the curricula in the study of 
medicine. As such, however, special basic conditions apply to the medical studies.

15.1	� Characteristic Features in the Field of Medicine – Basic 
Conditions for Inquiry-Based Learning

The goal in medical training is a physician who is trained scientifically and practically, who 
is capable of autonomous and independent medical practice, continuing education and con-
stant continued development. Training is intended to provide basic knowledge, abilities and 
skills in all subjects that are required for comprehensive healthcare for the population. 
Training to become a physician is carried out on a scientific basis and in a manner that is 
practice and patient-related [...].

This is what is stated in paragraph 1, subparagraph 1 of the Approbationsordnung für Ärzte 
or German Medical Licensure Act for Physicians (abbreviated as: ÄApprO; source: 
Approbationsordnung für Ärzte, 2002, translated), which governs medical studies in 
Germany down to the smallest detail. It defines the subjects and interdisciplinary areas to 
be taught, prescribes seminars, courses and internships including total cumulative hours 
for the part of the studies dealing with fundamental science in Annex 1, specifies what are 
currently 22 clinical subjects, 14 interdisciplinary areas and 5 block placements as 
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compulsory study content in paragraph 27, and defines the type, content and scope of 
exams within the university and the nationally uniform written state examinations 
(Staatsexamen) applicable throughout Germany.

The so-called Model Clause (paragraph 41 ÄApprO) in the Medical Licensure Act 
opens up the possibility of replacing the first state examination, which is focused on the 
basics, with an equivalent examination, thus enabling greater integration of the curricula 
and one’s areas of focus. Nevertheless, all medical students must pass a written state 
examination after the 10th semester, and an oral-practical state examination after the 12th 
semester.

The German institute for medical and pharmaceutical examinations (Institut für  
medizinische und pharmazeutische Prüfungsfragen or IMPP), which was commissioned 
to create the national written examinations, publishes what are known as topic catalogs, 
which list the examination contents as keywords for the basic subjects as well as the clini-
cal and clinical-theoretical subjects. It is not just the relevant textbooks that are geared 
towards these extensive catalogs and serve to facilitate targeted exam preparation. The 
courses offered at the university have been subject to the student demand for exam rele-
vance. Courses that are not directly relevant to the examination are, at best, perceived with 
special interest by few students due to the enormous volume of material and considerable 
exam pressure in medical studies.

Doubtless specifying the range of subjects, defining the common study content and 
nationwide examinations for aspiring physicians serves as quality assurance in medical 
studies; however, it also insulates those studies as compared to most other degree pro-
grams that have experienced significant advancements, individualization and reorientation 
due to the Bologna Process.

Practice orientation and scholarliness are the milestones on which medical studies 
should focus, according to paragraph 1 of the ÄApprO. As such, the “and” is sometimes 
also understood as “despite” or “instead of” in the political debate over the provision of 
care in a country-doctor setting. In the discourse about the orientation of medical studies, 
however, a shift towards academic qualification is currently being observed.

15.2	� General Experiences with Inquiry-Based Learning in Medical 
Studies

Inquiry-based learning does not appear in the framework of medical studies outlined 
above. As a general rule, medical students are not required to prepare their own academic 
work. Nonetheless, there is a high percentage of students who often develop interest in 
medical research during their studies and who pursue a doctoral dissertation in addition to, 
rather than as part of, their medical studies. At the same time, a very broad range of topics 
as well as spectrum of quality can be observed. This aspect will be revisited below.

Due to the specifications of the ÄApprO and the IMPP, the curricular internships related 
to aspects of basic science in physics, chemistry, biology, anatomy, physiology and 
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biochemistry are oriented towards promoting an understanding of fundamental relation-
ships and promoting basic skills. Both the independent choice of methods and autonomous 
analysis and interpretation of the data are lacking, as are the time and remaining resources – 
and ostensibly the exam relevance – to allow experimental approaches with open ques-
tions that are to be developed.

At many locations, the proof of performance for the cross-section of “epidemiology, 
medical biometry and medical information technology” to be provided after the first state 
examination starting in the 5th semester includes a systematic introduction into scientific 
work and evidence-based medicine as a compulsory curricular program and allows stu-
dents to experience the basics of research and the creation and application of new 
knowledge.

Based on the position paper from the Federal University Assistants’ Conference (BAK) 
from 1970, Huber (2009, p.  9) cited the features of inquiry-based learning specified 
therein:

•	 independent selection of the topic,
•	 independent ‘strategy,’ in particular with reference to methods, experimental design, 

research,
•	 corresponding risk of errors and detours on the one hand, an opportunity for chance 

discoveries, ‘fruitful moments’... on the other,
•	 working according to the demands of science (e.g. adequate examination of existing 

knowledge, endurance…),
•	 self-critical examination of the result with regard to its dependence on hypotheses and 

methods,
•	 endeavor to present the achieved result in such a way that its meaning becomes clear 

and the way in which it was reached is made verifiable.

The fact that “such strongly emphasized independence” represents a high goal, but 
must first develop over various stages, is relativizing.

Given this understanding, curricular medical studies certainly include a high proportion 
of inquiry-based learning, albeit learning has hitherto been more implicit: In addition to 
the theoretical attention, the patient-orientation required in the ÄApprO is provided in the 
curriculum, in particular through “bedside teaching," block placements, and three 16-week 
tertiary sessions of full-time clinical-practical work in academic teaching hospitals during 
the “practical year” at the end of the course of studies. Of a total of 476 hours of teaching 
at the bedside, half of this must be in the form of a patient demonstration in a group of no 
more than six, and one patient by a student in a group of no more than three students.

There are direct parallels to the characteristics of inquiry-based learning in the case of 
the situation at the bedside: Students choose the strategies and methods themselves, build 
on existing knowledge, and independently formulate hypotheses based on the results of 
the interview and examination, e.g. in terms of diagnosis and differential diagnoses, inves-
tigate and test these hypotheses in a critical and unbiased manner, experience errors and 
detours, as well as incidental findings and “fruitful moments.” Their results must be 
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presented in such a manner that the way in which the results were reached is comprehen-
sible and verifiable. With an assumed workload of about 30 credits according to ECTS, 
this inquiry-based learning at the bedside represents a significant proportion of the cur-
ricular teaching in the twelve semesters of medical studies. Not all agents are aware of the 
significance of this type of instruction in sharpening scientific thinking.

At many locations, for example at the Ludwig-Maximilians-Universität Munich and at 
the University of Heidelberg, structured doctoral programs have been very consciously set 
up for medical students in order to provide an optional offering to support independent 
academic work on the one hand, and in order to improve the quality of medical doctorates 
in terms of the structural conditions and to sustainably improve the process and the results 
on the other. These offerings range from support in the application phase of a doctoral 
project, the mutual obligation between doctoral student and advisor, the guarantee of sup-
port and infrastructure, and support through theoretical and practical training to scholar-
ships for doctoral students with particularly ambitious doctoral theses.

Since the ÄApprO was amended in 2002, attempts have been made in some model 
degree programs, for example the University of Hamburg and the Charité, Berlin, to 
anchor scientific thinking and activity, and inquiry-based learning, in the curriculum. This 
is exemplified by the study reforms in the Faculty of Medicine at Ruhr University Bochum, 
for example.

15.3	� Inquiry-Based Learning Based on the Example of a Model 
Degree Program and an Integrated Reformed Degree 
Program

In 2003, parallel to a reformed standard curriculum, the Faculty of Medicine at Ruhr 
University Bochum launched a model degree program, which was characterized in par-
ticular by a targeted problem, practice and patient orientation. For nine years, 42 students 
per year were enrolled in this independent, problem-oriented learning degree program. 
After evaluating this model project, a new “integrated, reformed degree program in medi-
cine” was created, which combined the advantages of the model degree program in medi-
cine with those of a reformed standard curriculum for a large number of students; for all 
300 students in the 2013/14 winter semester, and even 330 new students since 2014/15.

15.3.1	� Problem-Based Learning in the Model Degree Program

The model degree program in medicine dispensed with the systematic transfer of knowl-
edge in lectures. Instead, students were involved in a topic-centered curriculum with con-
crete patient cases, documented cases in the first four semesters, and then increasingly 
with real patients. These cases were selected in such a way that general knowledge, clini-
cal theory and clinical knowledge were developed through this involvement. The develop-
ment followed the classification system of problem-based learning (Schmidt et al. 2011). 
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The cases were analyzed and processed in seven steps by groups of seven students, each 
group being under the guidance of a trained tutor:

	1.	 Clarification of comprehension questions for case presentation
	2.	 Limitation of topics
	3.	 Brainstorming with activation of existing knowledge
	4.	 Forming hypotheses
	5.	 Formulating concrete learning objectives for the group
	6.	 Time for independent learning
	7.	 Presentation and discussion of learning outcomes.

The time provided for independent learning was flanked by courses in the form of semi-
nars and practical tutorial. Using this unbiased approach, students were trained

•	 to engage with new issues,
•	 to select the topics themselves,
•	 to accept the risk of errors and detours, but also to experience “fruitful moments,”
•	 to use their available knowledge and to research critically,
•	 to check the results in a self-critical manner and with other group members and to pres-

ent these results comprehensively.

Problem-based learning was supplemented, inter alia, by a “vertical educational track” 
anchored in the study regulations on the topics of health economy, scholarliness, method-
ology and research, in which scientific thinking and work methods were to be presented 
and built up over the first six semesters, and implemented in students’ own tasks and 
reports in a manner that was exam relevant.

In later semesters, scientific symposia were integrated into the program, in which 
researchers from the Faculty of Medicine presented their scholarly work and newest find-
ings, and discussed these with students. The problem orientation of this model degree 
program appears to strengthen the interest in continued autonomous, scholarly work. An 
initial analysis of the rate at which students obtain doctoral degrees as compared with 
reformed conventional curriculum suggests this.

This model degree program for 42 new students was planned as a pilot project and was 
implemented in parallel with a reformed conventional curriculum of approximately 260 
new students. On the one hand, this parallelism provided excellent opportunities for 
researching various educational strategies, especially as the students in the model degree 
program were chosen by lot from among the applicants; on the other hand, the school 
posed significant logistical challenges for the faculty. In a two-year planning process that 
involved multiple departments, a new degree program was therefore developed based on 
the evaluation results; it has been offered to all new students at the Faculty of Medicine at 
Ruhr University Bochum as an “integrated, reformed degree program in medicine” since 
the 2013/14 winter semester.
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15.3.2	� Inquiry-Based Learning and Learning to Research 
in the Reformed Degree Program

Inquiry-based learning is now anchored in the curriculum in three stages:
The basic, systematic scientific education in the first four semesters, or the first stage, 

is accompanied by problem-based learning, in which concrete, topic-oriented patient cases 
are processed based on the aforementioned seven steps: Hypothesis formation based on 
knowledge in a scientifically founded excursus with the other members of the team, 
research in the event that there are open questions as well as the presentation, critical ques-
tioning and fact-based defense of the learning outcomes are the main features of research-
oriented, unbiased and self-determined learning. The tutors, all of the lecturers at the 
Faculty of Medicine, thereby have the task of “allowing” the group process “to play out,” 
and they should introduce as little as possible in terms of content.

In stage two, which is obligatory for all students, the foundation of scientific thinking 
and working are systematically processed. This occurs in compulsory courses as lectures 
and practical tutorials during the fifth semester within the context of the proof of perfor-
mance for “epidemiology, medical biometry and medical information technology.” At the 
end of the semester there is a written exam on theoretical knowledge. Learning objectives 
during this stage include not just getting to know and assessing research findings, but also 
internalizing the research process itself, from the development of a precise research ques-
tion about the suitable choice of method, the analysis, and the presentation and critical 
discussion of the results to classifying these in the current state of research.

In stage three, students must select a main area in which they wish to deepen their 
knowledge of previously learned theory in small groups and in scholarly discourse. There 
are three topics to choose from in sixth-semester seminars:

	1.	 Basic biomedical research
	2.	 Clinical research
	3.	 Evidence-based medicine

Organized beneath these three main themes are various small group courses focused on 
ongoing research projects, which provide the participants with immediate, practice-
oriented insight into the research process and room for their own research-based work.

15.4	� Outlook for Inquiry-Based Learning in Medicine – What 
Needs to Be Done?

The call for stronger practice orientation in medical training has grown in recent years as 
part of the concerns surrounding providing medical care to the population. At the same 
time, however, there is a growing conviction that the doctors we are training today not only 
need to have internalized the present “state of the art” and must act with great knowledge, 
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sophisticated practical skills and appropriately for the profession. As medical advances 
continue to increase, today’s graduates must also be able to understand the advances of 
tomorrow (and beyond) that are relevant to them, to analyze the relevancy of those 
advances for their own patients and utilize them for those patients’ benefit, and must be as 
prepared and able as possible to contribute to these advances themselves.

15.4.1	� Recommendations of the German Science Council 
(Wissenschaftsrat) for the Further Development of Medical 
Studies

In 2012, the German Science Council started the work program “Stand und Perspektiven 
der humanmedizinischen Modellstudiengänge” (“Status of and perspectives on model 
degree programs in human medicine”). In this program, ongoing degree programs were 
examined with respect to the question of which reform elements have been successful, and 
what conclusions could be drawn for the advancement of medical studies in Germany.

Concerning this, in 2014 the German Science Council presented its “Empfehlungen zur 
Weiterentwicklung des Medizinstudiums in Deutschland auf Grundlage einer 
Bestandsaufnahme der humanmedizinischen Modellstudiengäng” (“Recommendations 
for the further development of medical studies in Germany on the basis of a survey of 
model degree programs in human medicine”) (Wissenschaftsrat 2014). The recommenda-
tions are summarized in five principles. These deal with (1) competence orientation, (2) 
integrated patient-oriented curricula, (3) scientific competencies, (4) interprofessional 
education and (5) focusing the curricular content. With regard to item 3, which is relevant 
here, the German Science Council stated the following in its abstract (p. 7, translated):

Scientific competencies: Physicians must be able to examine their own actions in more com-
plex care situations with regard to basing them in evidence and against the background of new 
medical findings, in order to arrive at a decision that relates to the individual patient. Thus 
scientific thinking and activity forms the basis for the adequate, patient-oriented selection of 
diagnostic and therapeutic measures. The compulsory acquisition of scientific competencies 
in the course of studies is thus a necessary prerequisite for responsible medical practice.

In concrete terms, the German Science Council recommends the introduction of a lon-
gitudinal educational track, the courses or modules of which build on one another, extend-
ing over multiple semesters with the aim “that knowledge, skills and attitudes toward 
scientific thinking and activity when working through problems in practice, as well as the 
process of scientific knowledge generation and assurance can be practiced by students 
themselves.” The format of problem-based teaching has proven itself in its practical 
application.

What is new for medical studies – but common for nearly all other degree programs – is 
that conducting one’s own research is required, in the course of which scientific compe-
tency is to be proven, whereby this research is to become an elementary component of the 
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curriculum. It is stated that the German Science Council is aware of the fact that this will 
necessitate a cultural change in medicine. The arguments are easy to understand, but at the 
same time, practical questions are raised regarding the current basic conditions outlined 
above, which likewise must be reformed in the sense of the advancement of medical stud-
ies in Germany. This also includes providing the necessary resources, because the above-
mentioned requirements suggest a considerable additional support effort.

15.4.2	� New: A National Competency-Based Catalog of Learning 
Objectives for Medicine (NKLM)

A very concrete, promising approach to the establishment of inquiry-based learning in 
medicine can be found in the development of the national competency-based catalog of 
learning objectives for medicine (NKLM) and for dentistry (NKLZ) (Hahn and Fischer 
2009). The Gesellschaft für Medizinische Ausbildung (Society for Medical Education) 
and the Medizinische Fakultätentag (German Medical Faculty Association), in coordina-
tion with the member societies of the Arbeitsgemeinschaft der Wissenschaftlichen 
Medizinischen Fachgesellschaften (Working Group of Scientific Medical Societies), are 
currently working on a multidimensional catalog of competencies and operationalized 
learning objectives which should be acquired by the end of twelve semesters of medical 
studies. In the process, the physician should not be seen as just a “medical expert” with a 
wealth of medical knowledge, but rather it is stressed that additional roles are integrated 
into this expertise. Based on the CanMEDS framework of the Royal College in Canada 
(actually developed for medical continuing education), in the NKLM and NKLZ, physi-
cians’ roles as scholars, communicators, team members, health advisors and advocates, 
responsible parties, managers and professionals have been underpinned by corresponding 
competencies.

The subject of “inquiry-based learning in medicine” is expressed here in particular in 
the physician’s role as scholar. Here, the NKLM defines four core competencies, the first 
of which is that graduates are lifelong learners, who improve and maintain their profes-
sional activities by means of constant continued education. Critical reflection on one’s 
own level of knowledge, uncovering knowledge gaps, defining one’s own learning needs, 
effective implementation of suitable learning strategies and adequate documentation and 
implementation of the learning outcomes for the benefit of the patients are specific goals 
in this category.

Secondly, as defined by the NKLM, physicians should be able to critically evaluate 
scientific information and the sources of that information, and should be able to apply it in 
a suitable manner to their own actions. Here, the NKLM integrates the principles of 
evidence-based medicine, which are both credo and challenge to science-based, individu-
alized medicine.
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Thirdly, scholarliness also includes teaching competencies for various target groups. 
Here, the education and instruction of patients and relatives, and the training of medical 
students and students in other health professions, is explicitly specified.

Fourthly, as innovators, aspiring physicians should contribute to the formation, dis-
semination, application, and translation of new insights and practices. In order to develop 
and practice these competencies, physicians are recommended to do their own practical 
work, going beyond the understanding of the philosophy of science and the knowledge of 
ethical and legal principles of research. This includes research work including the follow-
ing stages: the derivation of a research question and testable hypothesis; systematically 
obtaining information on the current state of the research; and planning and carrying out a 
research project, including documentation and disseminating the research findings. Thus 
the research activities correspond to the recommendations of the German Science Council 
for strengthening scientific competencies within the context of the advancement of medi-
cal studies in Germany.

That such an integration of inquiry-based learning and scientific work in the medical 
studies curriculum is possible is shown by the advancement of medical studies abroad. 
Within the context of the Bologna reform, for example, medical degree programs in the 
Netherlands and Switzerland were converted into graduated, modularized degree pro-
grams, in which an independent scientific thesis within the context of the bachelor’s and/
or master’s degree program is obligatory.

15.5	� Conclusion

The variety of new projects on inquiry-based learning and on scholarly thinking and work-
ing at medical schools, the recommendations of the German Science Council for the 
advancement of medical studies in Germany and the agreement on scientific competencies 
in the national competency-based catalog of learning objectives for medicine and dentistry 
are conspicuous signs of a “change in culture” in medicine towards integrating indepen-
dent, scholarly work in the medical curriculum (Fischer and Fabry 2014). It is to be hoped 
that this change in culture will be constructively and rapidly accompanied by a change in 
the basic conditions and will inspire scholarliness and a practice orientation in the course 
of studies.
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