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Abstract
Objective Fostering clinical reasoning is a mainstay
of medical education. Based on the clinicopathological
conferences, we propose a case-based peer teaching
approach called clinical case discussions (CCDs) to
promote the respective skills in medical students. This
study compares the effectiveness of different CCD formats
with varying degrees of social interaction in fostering
clinical reasoning.
Design, setting, participants A single-centre randomised
controlled trial with a parallel design was conducted at
a German university. Study participants (N=106) were
stratified and tested regarding their clinical reasoning skills
right after CCD participation and 2 weeks later.
Intervention Participants worked within a live discussion
group (Live-CCD), a group watching recordings of the live
discussions (Video-CCD) or a group working with printed
cases (Paper-Cases). The presentation of case information
followed an admission-discussion-summary sequence.
Primary and secondary outcome measures Clinical
reasoning skills were measured with a knowledge
application test addressing the students’ conceptual,
strategic and conditional knowledge. Additionally,
subjective learning outcomes were assessed.
Results With respect to learning outcomes, the Live-CCD
group displayed the best results, followed by VideoCCD and Paper-Cases, F(2,87)=27.07, p<0.001, partial
η2=0.384. No difference was found between Live-CCD
and Video-CCD groups in the delayed post-test; however,
both outperformed the Paper-Cases group, F(2,87)=30.91,
p<0.001, partial η2=0.415. Regarding subjective learning
outcomes, the Live-CCD received significantly better
ratings than the other formats, F(2,85)=13.16, p<0.001,
partial η2=0.236.
Conclusions This study demonstrates that the CCD
approach is an effective and sustainable clinical reasoning
teaching resource for medical students. Subjective
learning outcomes underline the importance of learner
(inter)activity in the acquisition of clinical reasoning skills
in the context of case-based learning. Higher efficacy
of more interactive formats can be attributed to positive
effects of collaborative learning. Future research should
investigate how the Live-CCD format can further be
improved and how video-based CCDs can be enhanced
through instructional support.

Strengths and limitations of this study
►► First empirical study on the implementation of clin-

ical case discussions in undergraduate medical
education.
►► Comparison of clinical case discussions with differing grades of social interaction to determine their
effectiveness on medical students’ acquisition of
clinical reasoning skills by between-group analyses.
►► Implementation of multidimensional and multilayered test instruments in a pre-test, post-test and
delayed post-test design to measure clinical reasoning skills with a knowledge application test and
self-assessment.
►► The knowledge application test utilised in this study
did not allow for a more in-depth analysis of clinical
reasoning skills (ie, a distinction of conceptual, strategic and conditional knowledge).

Introduction
Curriculum developers face the challenge of
implementing competence-oriented frameworks such as CanMEDS (Canada; http://www.
royalcollege.ca/canmeds), NKLM (Germany;
http://www.nklm.de) or PROFILES (Switzerland; http://www.profilesmed.ch), including
the need to train clinical reasoning skills as a
medical doctor’s key competence.1–3 As such,
clinical reasoning skills are crucial not only
for appropriate medical decision making but
also to avoid diagnostic errors and the associated harm for both patients and healthcare
systems.4
Case-based learning has been proposed
to foster clinical reasoning skills5 and is
well accepted among students.6 Case-based
learning found an early representation in
clinicopathological conferences (CPC, first
introduced by Cannon in 19007) which are
practised until today. The CPC conducted
at the Massachusetts General Hospital are
published on a regular basis known as the
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Case Records series of the New England Journal of Medicine.
In those CPCs, the ‘medical mystery’8 presented by the
case under discussion calls readers to think about the
possible diagnosis themselves, before it is finally disclosed
at the last part of the CPC. Despite the absence of definitive evidence for efficacy as a teaching method, CPCs have
widely been used in medical education since the early
20th century to foster clinical reasoning.9–11 While CPC
case records reach lots of medical readers around the
world, they have been criticised as being anachronistic
with a diagnosing ‘star’ (ie, the discussant), performing,
acutely aware of being the centre of attention.12
Case-based learning formats are embedded in a context,
which is known to promote learning better than providing
facts in an abstract, non-contextual form.13 A definition
found in the review by Merseth suggests three essential
elements of a case: a case is real (ie, based on a real-life
situation or event); it relies on careful research and study;
it is ‘created explicitly for discussion and seeks to include
sufficient detail and information to elicit active analysis
and interpretation by users’.14 Cases may be represented
by means of text, pictures, videos and the like. Realism
and authenticity are varying features of cases,15 but particularly elaborated and authentic cases provide increased
diagnostic challenge, comprising added value for medical
training.16
However, due to their setup, CPCs are often passive
learning situations for participants, as they listen to the
discussant laying out his or her clinical reasoning on the
case under discussion. According to the ICAP framework
by Chi et al,17 teaching formats increase their efficacy
from passive < active < constructive < interactive learning
environments. Learning is enhanced when students
interactively engage in discussions among each other.
Accordingly, case-based learning has been found to be
particularly beneficial in collaborative settings.15 However,
another important aspect to consider in collaborative
learning environments is that some students may participate passively, while others contribute disproportionately
much. To foster optimal learning effects, students should
thus be encouraged to be interactively engaged. One
prerequisite to achieve self-guided learning in groups is
a low threshold for students to come forward with their
questions and participate in ensuing discussions.18 To this
end, peer teaching has been established as an effective
tool to stimulate discussions.19 To make sure peer tutors
are not overwhelmed in moderating these discussions,
the presence of an experienced clinician appears to be
warranted20 in addition to a specific training of the tutors.
Taken together, while traditional CPCs encompass
some important dimensions of effective case-based
learning environments, they are not systematically aiming
at constructive or interactive learner activities that are
known features of effective teaching formats.17 21 Therefore, we introduced clinical case discussions (CCD) in
undergraduate medical education to account for these
features. We still use the case records of the Massachusetts General Hospital,9 as these cases exemplify realistic
2

patient encounters and fulfil the criteria for an interactive
collaborative learning process as explained above. In the
CCD approach, cases are typically presented with information until the admission of the patient to the hospital.
This event is usually the starting point of an interactive
discussion phase of the group about possible diagnoses
and diagnostic strategies. After all test results have been
discussed, the actual diagnosis is disclosed and the pitfalls
and take-home messages of the case are summarised.
To investigate the effectiveness of the CCD approach
in undergraduate medical education, we designed an
intervention trial and assessed clinical reasoning skills
in medical students before and after participating in live
CCDs or being exposed to video recordings of live CCDs.
We compared these formats and their effects on clinical reasoning with the more traditional approach of
working through written cases. When carrying out this
randomised trial, we hypothesised that participation
in live CCD sessions would lead to a higher increase of
clinical reasoning skills than simply reading the cases. To
better understand possible effects of the CCD learning
environment with its social components on learning
outcomes, participation in live CCDs as outlined above
was additionally compared with the effects of watching
videos of CCDs online. This comparison also seemed relevant from an economic point of view as videostreaming
of lectures and seminars is prevalent at many institutions
in higher education, allowing for flexible and scalable
access to learning materials.22 To investigate the potential of different CCD formats for regular curricular use,
we also measured subjective learning outcomes after the
intervention and correlated student self-assessments with
objective changes in their clinical reasoning skills.

Methods
Participants
Initially, we recruited 106 volunteer medical students at
the Medical Faculty of LMU Munich. Randomisation was
performed in a two-step procedure. First, we selected a
sample of roughly 100 enrolled students. Next, we stratified participants by creating triplets on the basis of the
variables age, gender, year of study, prior CCD participation and performance in a knowledge application pre-test.
This was done in an effort to limit the risk of random
misdistribution of the selected sample. From each triplet,
we randomly assigned participants to the experimental
groups. A total of 90 participants eventually completed
the study, 31 of them were male and 59 female. They were
aged 20–41 years (M=23; SD=2.97) and in their first to
eighth clinical semester (M=3.50; SD=1.78).
Ethics
The study was approved by the ethics committee of the
Medical Faculty of LMU Munich (approval reference no.
222–15). Written informed consent was obtained from
all study participants and they received a financial reimbursement of 50 Euros on completion of the trial.
Weidenbusch M, et al. BMJ Open 2019;9:e025973. doi:10.1136/bmjopen-2018-025973
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Figure 1 Study design. Full data sets of 90 medical
students were analysed. T_0, knowledge application pretest; T_1, knowledge application post-test; T_2, delayed
knowledge application post-test.

Patient and public involvement
No patients or public were involved in this research.
Study design
We conducted a single-centre randomised controlled trial
consisting of a total of five course sessions with a parallel
design (see figure 1). One week prior to the first CCD
session, participants were introduced to the principles of
the CCD approach and the sequence of this trial in an
introductory session where they also took a knowledge
application pre-test (T_0). In the experimental phase,
participants attended 3 weekly interventional course

Figure 2 Live-CCD structure. CCD sessions are divided
into three parts. In the admission part, the presenting student
shows the discussants his prepared slides (based on the
original NEJM case record), after which the group has to
agree on an assessment of the patient under discussion. In
the interactive discussion part, the students prioritise the
medical problems, link them to possible aetiologies and order
tests to further corroborate or discard differential diagnoses.
After all these tests have been discussed, students order the
putative diagnostic test. The result is disclosed along with
the pathological discussion and ‘take home messages’ on
important differentials in the third part of the session. CBC,
complete blood count; CC, chief complaint; CCD, clinical
case discussion; CMP, comprehensive metabolic panel; CXR,
chest radiograph; FH, family history; HPI, history of present
illness; Meds, medications; PE, physical examination; PMH,
past medical history; PT, prothrombin time; PTT, partial
thromboplastin time; ROS, review of systems; SH, social
history; UA, urine analysis; VS, vital signs.
Weidenbusch M, et al. BMJ Open 2019;9:e025973. doi:10.1136/bmjopen-2018-025973

sessions of 90 min each in one of three experimental
groups with the respective CCD formats. Participants
took a knowledge application post-test at the end of the
last experimental course session (T_1), 4 weeks after
pre-testing. A delayed knowledge application post-test was
conducted 2 weeks after completion of the interventional
courses (T_2); we deliberately chose that time interval
to investigate the sustainability of possible effects while
balancing the risk of postintervention confounding.23
Materials
In all experimental groups, the intervention was based
on the same three, independent internal medicine cases.
Chief complaints in these cases were paraesthesia (first
session), fever and respiratory failure (second session) and
rapidly progressive respiratory failure (third session).24–26
Cases were worked through in an iterative approach in
different formats: (1) peer-moderated live case discussions in an interactive setting (Live-CCD, n=30), (2) a
single-learner format utilising an interactive multimedia
platform displaying video recordings of the live case
discussions (Video-CCD, n=27) and (3) a single-learner
format in which the students worked with the original
paper cases of the NEJM (Paper-Cases, n=33). The cases
were prepared in a way that participants in each format
were exposed to the same case information.
Procedure
In all three groups, cases were presented in a specified
structured manner similar to the original CPC (see
figure 2). In each format, the students (‘discussants’)
had to fill out a form after the admission in which the
case had to be summarised and a list of clinical problems
and working diagnoses had to be provided. Subsequently,
between discussion and summary a second case summary
had to be completed in which the final diagnostic test and
the most likely diagnosis had to be proposed.
In the Live-CCD group, the case presentation
was prepared beforehand by a voluntary discussant
(‘presenter’), who presented the facts in the admission
(according to the structure shown in figure 2). Electronic
slides and flipcharts were used to transport case information. Original test results were revealed by the presenter
during the discussion only when requested by the group
of students. Furthermore, the presenter summarised
the differential diagnosis, important pathophysiological
features of the case at the end of the session and provided
a short take home message. The moderating medical
students (‘moderator’) were recruited among previous
CCD participants. They had experience in CCD moderation and had had an introductory training (2 days) in
higher education methods and group facilitation prior
to the study. The moderator facilitated the discussion
process and ensured a reasonable approach to the patient
encounter (eg, with respect to timing and hierarchy of
ordered tests) in close communication with the discussants. Moreover, the moderator helped students develop
their diagnostic strategy by co-evaluating their requested
3
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findings and the reasoning employed. Supervision of the
correctness of medical facts and the correct diagnostic
approach were ultimately granted by a clinician who could
stop the discussion at any point when faulty reasoning
was evident or discussants explicitly requested the facilitation of an experienced physician. The clinicians’ level
of involvement into the discussion was left at their own
discretion. We varied the staff between each Live-CCD to
minimise effects of personal teacher characteristics. Live
sessions typically lasted 90 min and were recorded with
multiple cameras.
Students in the Video-CCD format worked on a
single-learner multimedia workstation on which a video
recording of the Live-CCD was displayed. These recordings also contained the electronic slide presentation from
the Live-CCD and enabled simultaneous observation of
the discussion from multiple camera angles. Participants
could pause and partially skip the videos.
In the Paper-Cases group, participants received the case
information of each CCD section sequentially (ie, admission, discussion, summary) in a print format. In both singlelearner formats, students could choose their personal
working speed. There was neither a prespecified minimum
nor a maximum time they were required to work on the
cases. In each of the three formats, full access to the internet
was permitted for additional information.

Instruments
Learning outcomes with respect to clinical reasoning were
measured with a knowledge application test that consisted
of 29 items (ie, a maximum of 29 points could be achieved)
and was to be filled out within 45 min. The knowledge application test was based on instruments previously developed
at the Institute for Medical Education at LMU Munich.27–29
It comprised multiple choice items, key feature problems
and problem-solving tasks, addressing the conceptual, strategic and conditional knowledge of the participants (see
figure 3). Meta-analyses on retest effects suggest that score
increase is higher for identical forms than for parallel test
forms.30 In order to limit such effects, we applied parallel
forms of the knowledge application test for premeasurement and postmeasurement (ie, topics covered by the
individual items were the same, but the items were reformulated and their order was permutated). Overall test
difficulty was chosen to be high in order to avoid ceiling
effects, as students from all clinical years were allowed to
participate in the study. Overall test reliability was satisfactory (Cronbach’s α=0.71).
Subjective learning outcomes were measured at T_1
with a short questionnaire consisting of nine items (eg,
‘I learnt a lot during the CCD course’, ‘The CCD course
increased my learning motivation’ or ‘I recommend

Figure 3 Knowledge application test. Exemplary items are shown for each of the knowledge types addressed (arrows point to
the correct answers). The test included 11 items on conceptual knowledge, nine items on strategic knowledge and nine items
on conditional knowledge. BMI, body mass index; BP, blood pressure; EMS, emergency medical service; HR, heart rate; PE,
physical examination; RR, respiratory rate; SpO2, oxygen saturation; T, temperature;
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Table 1 Overview of the findings of the study
Teaching format
Live-CCD

Video-CCD

Paper-Cases

M (SD)

M (SD)

M (SD)

Knowledge application pre-test

5.34 (1.92)
n=30

4.76 (1.90)
n=27

5.76 (2.24)
n=33

Knowledge application post-test

14.10 (3.32)

11.69 (3.34)

8.50 (2.44)

n=30

n=27

n=33

13.36 (3.23)

11.84 (2.92)

7.89 (2.41)

n=30

n=27

n=33

4.20 (0.63)
n=30

3.18 (1.24)
n=27

3.00 (0.99)
n=31

Delayed knowledge application post-test
Subjective learning outcomes

CCD, clinical case discussion.

the implementation of the CCD teaching format into
the curriculum’; the full questionnaire is available as an
online supplementary file). Participants were asked to
rate these items on a Likert scale ranging from 1 (I don’t
agree) to 5 (I fully agree). Reliability of the corresponding
scale was good (Cronbach’s α=0.95). Additionally, study
participants were asked to share their views on positive
and negative aspects of the respective training format
through open items at the end of the questionnaire.
Statistical analysis
The required sample size (N=128) was estimated to
detect medium effect sizes with a power of 80% and a
significance level of α=0.05. For between-group analyses,
one-way analyses of variances were conducted with post
hoc Bonferroni tests for multiple comparisons.
Results
Effects of the CCD format on learning outcomes related to
clinical reasoning
Experimental groups differed significantly with respect
to the knowledge application post-test (see table 1),
F(2,87)=27.07, p<0.001, partial η2=0.384. The Live-CCD
group (M=14.10; SD=3.32) outperformed both the
Video-CCD (M=11.69; SD=3.34) and the Paper-Cases
group (M=8.50; SD=2.44). Post hoc Bonferroni tests
revealed significant differences between Live-CCD and
Video-CCD (p=0.011) as well as the Paper-Cases group
(p<0.001). The difference in the knowledge application
post-test between Video-CCD and the Paper-Cases group
was also significant (p<0.001).
Two weeks after course completion, the effect of the
teaching format was still found in a delayed knowledge application post-test, F(2,87)=30.91, p<0.001, partial η2=0.415.
Both Live-CCD (M=13.36; SD=3.23) and Video-CCD
(M=11.84; SD=2.92) outperformed the Paper-Cases group
(M=7.89; SD=2.41). Post hoc Bonferroni tests revealed
significant differences between the Live-CCD and PaperCases group (p<0.001) as well as between the Video-CCD
Weidenbusch M, et al. BMJ Open 2019;9:e025973. doi:10.1136/bmjopen-2018-025973

and Paper-Cases group (p<0.001). However, the difference
between Live-CCD and Video-CCD was not significant in
the delayed knowledge application post-test (p=0.146).
Effects of the CCD format on subjective learning outcomes
Experimental groups differed significantly with respect to
subjective learning outcomes (see table 1), F(2,85)=13.16,
p<0.001, partial η2=0.236. Participants of the Live-CCD
group (M=4.20; SD=0.63) assigned better ratings to their
course format than participants in the Video-CCD group
(M=3.18; SD=1.24) and the Paper-Cases group (M=3.00;
SD=0.99). Post hoc Bonferroni tests showed that the
Live-CCD differed from the Video-CCD (p=0.001) and the
Paper-Cases group (p<0.001) in this regard. An additional
Duncan post hoc test confirmed that the Video-CCD and
the Paper-Cases group did not differ from each other in this
regard (p=0.48).
To investigate the relations between the subjective assessment and the knowledge application tests applied at the
end and 2 weeks after the course, we calculated correlations between the different outcome measures. Subjective learning outcomes correlated on a medium level with
both the knowledge application post-test (r=0.343, n=88,
p=0.001) and the delayed knowledge application post-test
(r=0.339, n=88, p=0.001).
In the Live-CCD group, 83% of the students were in favour
of implementing routine Live-CCD into the medical curriculum. Only 45% and 31% of students from the Video-CCD
and Paper-Cases groups voted for an implementation of
their respective course in the curriculum. With respect to
the open items from the subjective learning outcomes questionnaire, participants from all groups praised the quality
of the cases. Participants from the Live-CCD group particularly valued their course format for providing an opportunity to practice ‘diagnostic thinking’ and the ‘focus on
practice elements’. They also mentioned that ‘you can look
up theoretical knowledge, but you cannot look up applied
knowledge’. Students in the Video-CCD group, on the other
hand, praised features of the digital learning environment
5
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as they could ‘pause, reflect or quickly do a Google search’
when watching the case discussions. However, they also criticised it was not possible for them to ‘participate in a more
active way’.
Discussion
This randomised controlled study shows that even relatively
short CCD interventions can lead to improved and sustainable learning outcomes with respect to clinical reasoning.
This provides evidence that the CCD approach, which is
based on CPCs, is an effective teaching resource to foster
clinical reasoning skills in medical students. We had hypothesised that a more interactive course format would result in
an improvement of clinical reasoning skills when compared
with less interactive formats. Results show that the Live-CCD
indeed leads to the highest learning outcomes in medical
students compared with less interactive formats. Consistent
with our hypothesis, clinical reasoning skills, as measured
with our knowledge application test, had the highest gain
in the Live-CCD group. These positive effects of the CCD
teaching format on clinical reasoning skills proved sustainable as shown by the results in the delayed knowledge
application post-test. Overall, these results are in line with
a recently published study on diagnostic reasoning31 where
students who worked in pairs were more accurate in their
diagnosis than individual students despite having comparable knowledge. Collaborative clinical reasoning has thus
far been under-represented in the literature and yet, seems
to solve many of the educational problems regarding diagnostic errors.32
The significant difference between the Live-CCD and
the Video-CCD group can be explained by the findings
of a meta-analysis that showed technology-assisted singleperson learning to be inferior to group learning because of
the decreased social interaction.33 However, it is important
to note that 2 weeks after the course, participants of the
Live-CCD and Video-CCD groups did not differ significantly anymore while both groups still clearly outperformed the Paper-Cases group. In other words, watching
a video of the live case discussion was found to be more
beneficial for learners regarding their clinical reasoning
skills than just reading the printed cases. We cannot rule
out that Live-CCD and Video-CCD groups did not differ in
the delayed knowledge application post-test due to underpowering of the study. As our trial was not designed to
detect smaller effect sizes, this finding has to be treated with
caution. Subjective learning outcomes suggest that students
prefer the live discussion over the other formats. The
subjective assessment correlated with the students’ performance in both knowledge application post-tests. Additional
qualitative data from the open item answers suggests that
the Live-CCD format supported students in performing
clinical reasoning and that the active discussion of cases was
particularly valued by the students.
Generalisability
The conclusions of this study are applicable to a broader
audience of medical students. The CCD approach and
6

its respective formats can easily be implemented in
routine medical education. Peer teaching courses hold
the promise of being more easy to install and more easy
to staff than courses led by faculty. Of course, Live-CCDs
still come with certain personnel requirements, as faculty
as well as a moderator need to be present. Extensive
preparation was not necessary for the clinicians involved
though as they served as facilitators and provided guidance only in situations when they were explicitly asked
for their clinical judgement or when they felt that the
discussion went astray. Total time requirements might
still be lower compared with other teaching formats. Likewise, the implementation of a singular 2-day training for
moderators should not require extensive resources. The
study population consisting of students with heterogeneous levels of clinical experience implies that the CCD
is an effective teaching format not only for students at
the beginning of their clinical career but also for intermediate students. Generalisability is potentially limited
as only students from one medical school participated in
our study.
Limitations of the study
There are certain limitations of this study that have to be
addressed. One important limitation is the single-centre
nature of this study and the relatively small sample size.
Before the CCD approach can be implemented on a larger
scale, a validation of our findings is therefore required.
Caution is clearly warranted with the effect sizes shown in
this trial, as it has been shown that effect sizes of learning
intervention trials tend to be inflated compared with the
effectiveness of the intervention when used in routine
education.34 Since we did not limit the time students had
to work on the cases, we cannot entirely rule out that less
time was spent on task in the single-learner formats and
particularly the Paper-Cases group. Against this backdrop,
we suggest replication to further validate the results found
in this study and strengthen the outlined implications. The
knowledge application test utilised in this study did not
allow for a more in-depth analysis of clinical reasoning skills
(ie, a distinction of conceptual, strategic and conditional
knowledge). Larger item numbers could facilitate a reliable assessment of changes on the level of corresponding
subscales. Finally, we cannot relate the underlying reasoning
process with the measured knowledge gains. Further studies
on clinical reasoning processes of individuals and groups
are methodologically challenging but urgently needed for
the advancement of a model of clinical reasoning and for
improving teaching clinical reasoning.35
Future research questions
Based on our findings, the CCD approach is a useful
asset for medical educators to widen the range of clinical
reasoning teaching tools. Live-CCD can thus be seen as a
prime candidate for routine implementation in clinical
reasoning curricula. Future research should aim to identify
which Live-CCD elements (roles, case contents or course
structure) contribute in which way to the improvement
Weidenbusch M, et al. BMJ Open 2019;9:e025973. doi:10.1136/bmjopen-2018-025973
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of clinical reasoning skills in medical students. The question if and to what extent such skills are applicable across
domains is currently being discussed.36 Future studies may
also address the issue of transfer (ie, to what extent can clinical reasoning skills obtained in case-based training later be
applied to different cases?).37 Regarding the Video-CCD,
means of instructional support to increase the effectiveness
and interactivity of the video-based format should be investigated in an attempt to exploit its full potential.
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