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Abstract

Background

Keeping up motivation to learn when socially isolated during a pandemic can be challenging.
In medical schools, the COVID-19 pandemic required a complete switch to e-learning with-
out any direct patient contact despite early reports showing that medical students preferred
face-to-face teaching in clinical setting. We designed close to real-life patient e-learning
modules to transmit competency-based learning contents to medical students and evalu-
ated their responses about their experience.

Methods

Weekly e-learning cases covering a 10-week leading symptom-based curriculum were
designed by a team of medical students and physicians. The internal medicine curriculum
(HeiCuMed) at the Heidelberg University Medical School is a mandatory part of clinical med-
ical education in the 6" or 7" semester. Case-design was based on routine patient encoun-
ters and covered different clinical settings: preclinical emergency medicine, in-patient and
out-patient care and follow-up. Individual cases were evaluated online immediately after fin-
ishing the respective case. The whole module was assessed at the end of the semester.
Free-text answers were analyzed with MaxQDa following Mayring's principles of qualitative
content analyses.

Results

N = 198 students (57.6% female, 42.4% male) participated and 1252 individual case evalua-
tions (between 49.5% and 82.5% per case) and 51 end-of-term evaluations (25.8% of
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students) were collected. Students highly appreciated the offer to apply their clinical knowl-
edge in presented patient cases. Aspects of clinical context, interactivity, game-like interface
and embedded learning opportunities of the cases motivated students to engage with the
asynchronously presented learning materials and work through the cases.

Conclusions

Solving and interpreting e-learning cases close to real-life settings promoted students’ moti-
vation during the COVID-19 pandemic and may partially have compensated for missing
bedside teaching opportunities.

Background

For medical students, learning in the clinical environment by interacting with patients and
physicians is essential to learn theoretical concepts and clinical workflows [1, 2]. While indi-
vidual support of teachers to students for both theoretical and practical aspects of clinical activ-
ities is fundamental for successful learning [3], early patient contact in medical school
stimulates students’ motivation and learning [4].

Teaching during a global pandemic may therefore be challenging because clinical settings
such as bedside teaching can no longer be conducted over students® and patients‘safety con-
cerns [5-8]. Early reports during the COVID-19 pandemic showed that students did not prefer
e-learning over face-to-face teaching [9] and most students preferred returning to the clinical
setting [10]. Online learning can show advantage by using student-centered approaches to
facilitate educational access. Despite all the advantages, online learning is not the ultimate solu-
tion to all academic issues as in medical and other health professional courses, the main draw-
back of e-learning is in most occasions the impossibility to practice live [11].

For effectiveness of online learning principles of digital learning, goals, and student’s prefer-
ences should be taken into consideration [12]. Various studies have assessed preparedness for
purely e-Learning in different countries. In an analysis in Lybia only twelve percent of students
agreed that e-learning could be used for clinical aspects and students were concerned about
how e-learning could be applied to provide clinical experience [13]. Regarding social distanc-
ing and sole online learning effects on students‘motivation are also important under these cir-
cumstances [14, 15]. Motivation can be defined as a psychological state or internal process that
provides a meaning and energy to get students to act, develop and perform [16]. Motivation is
positively associated with learning, performance and well-being, and diminished motivation
may have deleterious effects [17]. Therefore, understanding and stabilizing motivational fac-
tors for students in (e-)learning environments becomes even more pressing in the current
situation.

At Heidelberg University Medical School, the internal medicine curriculum [18-20], which
is based on a 10-week leading symptom-based structure, was switched from in-presence teach-
ing to a complete e-learning-based model. To include assessment of learning as a model for
assessment-driven learning [21], ten e-learning cases for each leading symptom-based week
were designed as a learning control and trigger and a potential replacement for bedside teach-
ing. Evaluation of each case and all cases in summary at the end was performed online. Stu-
dents assessed the effect of the cases on their learning time, the case’s performance as learning
control and effects of the cases on their learning by online questionnaires (see S1 Graphical
abstract).
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This study aims to enrich our understanding of how students perceive realistic multimodal,
game-like e-learning cases within a complete e-learning-based curriculum. We also deter-
mined how presented aspects of the clinical environment and routine affected student’s moti-
vation and self-rated time for learning.

Methods
Study design

This study was designed as a single-center descriptive analysis of students’ voluntary evalua-
tions of the presented e-learning cases. Supplementary details can be found in the only supple-
ment (S1 Text).

Sample

All students in the internal medicine curriculum at Heidelberg University Medical School
from April to July 2020 participated in the e-learning cases. Participation in online based eval-
uations (SurveyMonkey) of individual cases and end of term evaluation was voluntary. There-
fore, sample size for this qualitative and descriptive analysis arose from students available
during summer semester 2020. As performing the cases was mandatory all students were
invited to take part in the facultative evaluations directly after the cases. A facultative evalua-
tion of all cases in retrospect was performed at the end of semester voluntarily.

Ethical considerations

An ethics approval was obtained from Heidelberg University ethics committee (S-712/2020).
Individual consent was not requested since participation was voluntary and anonymous.

Setting

Due to the COVID-19 pandemic, the internal medicine curriculum at Heidelberg University
Medical School (HeiCuMed) was modified into e-learning-based teaching for summer semes-
ter 2020. The semester 's core structure of leading symptom-based lectures (S1 Table) was
adopted from its previous form. Lectures and seminars were recorded and asynchronously
made available for students. Further information on the curriculum structure and available
materials is available as (S1 Text, S1 Table).

Case design

E-learning cases were designed with Articulate (articulate.com). For each symptom-based
learning week, a clinical case was presented to the students with various quiz and interaction
modules. Each case consisted of gamification elements that required the student to apply prac-
tical and diagnostic skills and tools to proceed ahead with the patient. Additional case-specific
comments of senior physicians were included as learning hints. Performing one case every
week in the 10-week course within a timeframe from Friday 12am (S1 Table) till next Monday
was mandatory for students to be able to register for the final exam.

To achieve a learner-centered design, cases were developed by a team consisting of medical
students having already completed the internal medicine module and physicians from differ-
ent disciplines providing clinical expertise and clinical examples. The underlying philosophy
of all cases was to create a setting which was as close as possible to the real-life situation of
patient care. Students were therefore confronted with realistic examination results, original
diagnostic outcomes and direct patient interactions in order to challenge them in a more
appealing way. The aim was to especially train decision-making skills, communication
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behavior and diagnostic thinking. Detailed information on case design and links to work
through two translated exemplary cases (S1 Share Link and S2 Share Link) and two com-
mented video files (S1 and S2 Videos) can be found in the online supplements.

Evaluation—Questions after each case—global rating

After completing the mandatory patient cases, students were asked to voluntarily evaluate the
e-learning cases with a 10-item questionnaire. Evaluation was facultative and performed anon-
ymously via SurveyMonkey. Six items were questions based on a 5-point Likert scale

(1 = strongly disagree to 5 = strongly agree) and related to structure and style, ease of naviga-
tion, senior physicians’ comments for deepening knowledge and tips and tricks, performance
of different quiz styles and the aspect of enjoyment while performing the cases.

Evaluation—Questions after each case-free text answers

Four items of the 10-item questionnaire after each individual case were free-text questions
asked in a style of “what did you like about the case?”, “how can we improve it further?”. The
term “motivation” was deliberately not used within the questions in order to not influence stu-
dents’ free-text answers. All German and translated to English questionnaires for individual
cases can be found in the supplement section (S2 and S3 Texts).

End of term evaluation

A final evaluation of the 10 cases was performed at the end of the semester after the final inter-
nal medicine examination. The final evaluation included global rating questions and free-text
answers regarding motivation, time spent for learning within the cases and learning impulses
triggered by cases. Three reminder emails were sent to students for participating in this facul-
tative survey. The German questionnaire and its translated to English version are available in
the supplement section (S2 and S3 Texts).

Data analysis and statistics

Data analysis was performed with OriginPro2020 and MaxQDA2020 (VERBI GmbH). As
free-text answers were already in written form, no transcription was needed. Texts obtained
from SurveyMonkey results were checked for information that could identify an individual
student. As no individuals could be identified, the interviews were subjected to a qualitative
content analysis following Mayring's principles of inductive category development [22]. First,
we undertook an open coding of all free-text answer questions to identify possible recurring
topics. Next, individual sentences or passages were identified as one code, representing the
most elementary unit of the resulting protocol [23]. Exemplary students’ quotes were trans-
lated into English and embedded within the text. Using the software MaxQDA (version 2020,
VERBI Software—Consult—Social Research GmbH, Berlin), we summarized individual codes
as relevant topics for each case. Then, analyzers compared recurring topics from the individual
cases results and assigned them to higher-level categories. The respective codes and topics
were discussed to reach consensus (investigator triangulation). Finally, we subsumed the topics
into a total of n = 6 relevant categories. We applied the categories to all transcripts using the
software MaxQDA.
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Results
Participation in facultative evaluations

All students (n = 198) during the 10-week internal medicine curriculum worked through the
mandatory 10 cases. Participation in facultative evaluation dropped from 164 (82.8%) in the
beginning of the semester (Case 1 —chest pain) to 98 (49.5%) at the end of semester (Case 10 -
musculoskeletal pain). Length of free-text answers declined from Case 1 to 10 and switched to
the undirected questions from aspects of learning and motivation to mainly content-based
comments.

Factors promoting engagement

Students evaluated the cases as appealing in design (Table 1). Navigation within the first 3
cases worked which led to adaption of the questions’ content during the 10-week curriculum.
In most cases, the included quiz modes performed with minor issues depending on the used
computer system (Table 1). The embedded senior physicians’ comments for deepening knowl-
edge and understanding were highly rated by the students. Seven out of 10 cases were evalu-
ated as a good closure of the symptom-based weeks. In cases 3, 8 and 9 discrepancies arose
from different learning foci within cases and symptom-based lectures. The demand of cases
was ranked as appropriate by the students. In all 6 cases evaluated for the aspect of “fun”, most
students evaluated fun with average 4.1 to 4.6 on the global rating scale.

Factors promoting motivation

Free-text coding in individual cases in open-ended questions highlighted five main topics:
Interactivity, media and design, repetition and deepening of knowledge, practical aspects and
fun to stimulate motivation.

Interactivity was highlighted by students as a factor that helped to engage with the cases
(Student 49 (S49), Case 1 (C1) “everything is interactive, so I can better recall information”)
and stay motivated (S104, C2 “super interactive, motivates me to think on myself”). Interactive
tasks were mandatory during the cases and promoted critical reflection (S8, C8 “the interactive
task to identify the aortic and mitral valve [within the video] was thrilling and demanding”).
Students appreciated the interactive design and wished for more (S13, C1 “The interactive
design is super and I hope that much more time and resources will be invested in this concept.
Excellent start”).

Media and design were described by most students in free-text answers and cases were
rated highly appreciated for realistic appearances (S21, C5 “different modi, text messages, one
case over a longer period, realistic setting”). Different modi and media appeared appealing
(S19, C1 “Design is super appealing and I like how many different media were put in”; S75, C2
“Graphical presentation is excellent, even handwriting notes how doctors would write them”).

Regarding learning aspects, students found the cases to be a good revision exercise and
learning control for the week 's topics that had to be learnt. (S36, C1 “A repetition of relevant
facts of the week so I know where to lay my focus on”; S101, C1 “A possibility to actively use
gained knowledge. The case was a good way to see what I should repeat and what’s already
learned” S20, C2 “Especially after learning and preparing the contents of the lectures alone at
home the cases are a good learning success control alone or in groups of two/three”). Students
were motivated to think critically and to put the gained knowledge into clinical context of dis-
eases (S48, C3 “Thinking outside the box is asked”; S7, C7 “practical use of knowledge is
needed to put e.g. laboratory parameters in context to diseases”). Students also noted that the
cases summarized the learning context of the week’s lectures. (S12, C3 “in the last weeks
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Table 1. Case-to-case evaluation by students for structure, navigation, quiz functions, performance as learning control, helpfulness of senior physician’s comments,

aspect of fun and demand.
Case Design
Case Students Likert Scale Weighted average
answering
n 1 3 4
n % n % n % n % n %
Case 1 164 0 0.0 0 0.0 0.0 21 12.8 144 87.8 4.9
Case 2 154 0 0.0 0 0.0 2 1.3 51 33.1 101 65.6 4.7
Case 3 139 3 2.2 7 5.0 41 29.5 45 324 43 30.9 3.9
Case 4 141 0 0.0 1 0.7 12 8.5 40 28.4 88 62.4 4.5
Case 5 106 0 0.0 3 2.8 21 19.8 44 41.5 38 35.8 4.1
Case 6 121 0 0.0 1 0.8 10 8.3 39 32.2 71 58.7 4.5
Case 7 117 0 0.0 2 1.7 6 5.1 31 26.5 78 66.7 4.6
Case 8 103 1 1.0 4 39 17 16.5 33 32.0 48 46.6 4.2
Case 9 99 0 0.0 5 5.1 15 15.2 39 39.4 40 40.4 4.2
Case 10 98 0 0.0 2 2.0 12 12.2 31 31.6 53 54.1 4.4
Navigation
Case Students Likert Scale Weighted average
answering
n 1 3 4
n % n % n % n % n %
Case 1 166 0 0.0 1 0.6 5 3.0 25 15.1 135 81.3 4.8
Case 2 153 0 0.0 0 0.0 2 1.3 20 13.1 131 85.6 4.8
Case 3 139 0 0.0 0 0.0 3 2.2 16 11.5 120 86.3 4.8
Performance of quiz modi
Case Students Likert Scale Weighted average
answering
n 1 3 4
n % n % n % n % n %
Case 1 166 1 0.6 7 4.2 29 17.5 37 22.3 92 55.4 4.3
Case 2 155 0 0.0 2 1.3 7 4.5 22 14.2 124 80.0 4.7
Case 3 139 0 0.0 1 0.7 3 2.2 13 9.4 122 87.8 4.8
Case 4 141 0 0.0 9 6.4 22 15.6 44 31.2 66 46.8 4.2
Case 5 106 0 0.0 2 1.9 12 11.3 18 17.0 74 69.8 4.6
Case 6 122 3 2.5 3 2.5 14 11.5 29 23.8 73 59.8 4.4
Case 7 118 2 1.7 1 0.8 3 2.5 13 11.0 99 83.9 4.8
Case 8 103 2 1.9 2 1.9 14 13.6 34 33.0 51 49.5 4.3
Case 9 99 0 0.0 1 1.0 12 12.1 25 25.3 61 61.6 4.5
Case 10 98 0 0.0 4 4.1 4 4.1 20 20.4 70 71.4 4.6
Performance as learning control
Case Students Likert Scale Weighted average
answering
n 1 3 4
n % n % n % n % n %
Case 1 166 1 0.6 1.8 8 4.8 41 24.7 113 68.1 4.6
Case 2 155 0 0.0 1 0.6 5 3.2 28 18.1 121 78.1 4.7
Case 3 139 8 5.8 14 10.1 46 33.1 33 23.7 38 27.3 3.6
Case 4 141 0 0.0 3 2.1 11 7.8 45 31.9 82 58.2 4.5
Case 5 106 1 0.9 1 0.9 24 22.6 25 23.6 55 51.9 4.3
(Continued)
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Table 1. (Continued)

Case 6 122 0 0.0 4 3.3 7 5.7 29 23.8 82 67.2 4.6
Case 7 118 0 0.0 0 0.0 10 8.5 22 18.6 86 72.9 4.6
Case 8 103 2 1.9 10 9.7 18 17.5 33 32.0 40 38.8 4.0
Case 9 98 3 3.1 10 10.2 20 20.4 29 29.6 36 36.7 3.9
Helpfulness of senior physician’s comments
Case Students Likert Scale Weighted average
answering
n 1 2 3 4 5
n % n % n % n % n %
Case 1 162 1 0.6 1 0.6 10 6.2 43 26.5 107 66.0 4.6
Case 2 154 0 0.0 1 0.6 2 1.3 27 17.5 124 80.5 4.8
Case 3 139 1 0.7 3 2.2 14 10.1 43 30.9 78 56.1 4.4
Case 4 141 0 0.0 6 4.3 12 8.5 38 27.0 85 60.3 4.4
Case 5 106 0 0.0 1 0.9 7 6.6 16 15.1 82 77.4 4.7
Case 6 122 0 0.0 2 1.6 6 4.9 24 19.7 90 73.8 4.7
Case 7 118 0 0.0 2 1.7 5 4.2 25 21.2 86 72.9 4.7
Case 8 102 2 2.0 1 1.0 7 6.9 33 32.4 59 57.8 4.4
Case 9 99 1 1.0 0 0.0 7 7.1 25 25.3 66 66.7 4.6
Case 10 98 0 0.0 1 1.0 8 8.2 22 22.4 67 68.4 4.6
Fun
Case Students Likert Scale Weighted average
answering
n 1 2 3 4 5
n % n % n % n % n %
Case 4 141 0 0.0 3 2.1 8 5.7 42 29.8 88 62.4 4.5
Case 6 122 0 0.0 3 2.5 12 9.8 36 29.5 71 58.2 4.4
Case 7 118 0 0.0 1 0.8 7 59 30 25.4 80 67.8 4.6
Case 8 103 0 0.0 7 6.8 17 16.5 34 33.0 44 42.7 4.1
Case 9 99 0 0.0 6 6.1 11 11.1 36 36.4 46 46.5 4.2
Case 10 97 2 2.1 4 4.1 11 11.3 28 28.9 51 52.6 4.3
Demand of cases
Case Students Average
answering

n %
Case 1 166 55
Case 2 155 54
Case 3 139 56
Case 4 141 51
Case 5 105 55
Case 6 122 57
Case 7 117 50
Case 8 105 60
Case 9 98 44
Case 10 98 52

Numbers of students answering each question are shown and respective % of total for each individual case. Questions were based on a 5-point Likert scale (1 = strongly

disagree to 5 = strongly agree).

https://doi.org/10.1371/journal.pone.0249425.t001
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working through the cases without watching the lectures was not possible. the cases are an
incentive for watching the lectures”).

The practical context of the cases helped to make learning more realistic (513, C1: “The
case places you directly into clinical routine. You have really the feeling to oversee the case.
The proximity to reality is present is this concept”. Embedding of clinical pictures and features
made it realistic; S31, C1: “Through pictures everything was more realistic”). Some students
noted that practical case-based learning helped them to remember the clinical context espe-
cially when practical courses could not be held (S9, C4: “practical case-based learning helps me
remembering especially when practical courses are cancelled”, S24, C24: “It is a good “alterna-
tive” for bedside teaching, as you can interactively learn with cases close to reality. That revives
enjoying medicine”).

Enjoyment and motivation aspects were also highlighted by students as learning aids. Pre-
sentation of cases like a game was entertaining and stimulated motivation (S85, C1 “Presenta-
tion like a game, high motivation and fun!”, $40, C2 “Super motivating at the end of the
week”). The cases worked as a motivational booster for students to work through the lectures
at the end of the week (S55, C4 “This motivates to work through the lectures in time until the
end of the week”, §28, C2 “This format is great and both helpful, motivating and instructive”).

Cases as drivers for understanding of clinical work-flows and self-
dependent learning in retrospect

Over all 51 (25.8%) students returned the online questionnaire after the completion of all 10
cases. Most students evaluated the cases all over as very helpful to understand clinical work-

flows. Students were looking forward to work through the cases (Table 2) and performance of
all cases as learning control in retrospect showed good results (Table 2).

Table 2. Evaluation results after all cases in retrospect.

Students answering Likert Scale Weighted average
n 1 2 3 4 5
n % % n % n % n %
Anticipation 50 0 00| 2| 40 11 22.0 | 20 | 40.0 17 | 34.0 4.4
Improvement of knowledge of clinical workflows 50 0 00| 4| 80| 12| 240 | 15 | 30.0 | 19 | 38.0 3.9
Performance of cases as learning control in retrospect
Case Students answering Likert Scale Weighted average
n 1 2 3 4 5
n % n % n % n % n %
Case 1 46 000|000 7 | 152 |26 | 5.5 | 13 | 283 4.1
Case 2 46 000|000/ 5 109 | 24 | 522 | 17 | 37.0 4.3
Case 3 46 000|000 | 9 | 196 | 23 | 500 | 14 | 304 4.1
Case 4 46 000|122 6 | 130 | 25 | 543 | 14 | 304 4.1
Case 5 46 1 22 | 2 | 43 10 | 21.7 | 21 45.7 12 | 26.1 3.9
Case 6 46 0| 00| 0 00 8 174 | 21 45.7 17 | 37.0 4.2
Case 7 46 0 00| 0] 00 3 6.5 23 | 50.0 | 20 | 435 4.4
Case 8 46 1 22 | 0 | 00 10 | 21.7 | 25 | 543 10 | 21.7 3.9
Case 9 46 0 00| 0] 00 7 152 | 21 45.7 18 | 39.1 4.2
Case 10 46 0 | 0.0 1 2.2 7 15.2 18 | 39.1 20 | 435 4.2

Students anticipation and knowledge of clinical workflows and cases as learning control. Questions were based on a 5-point Likert scale (1 = strongly disagree to
5 = strongly agree).

https://doi.org/10.1371/journal.pone.0249425.t1002
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Time spent with cases and beyond

80 +
]
60 *pe .
—_— *
< L se o
E + +- * *
[0} 40 X .
£ ——
l_
E S > ——¢roo—
+—— L
20 =1 LR 4 24 2 -
* ad -0-0-0N0--4-
s e -
—_—l— —:[:—0—
0
Time spent with cases Time spent for recherche

triggered by cases

Fig 1. Approximate time spent with cases and for additional research triggered by the cases (n = 46-51). Data is
presented as box plots with dots representing original data.

https://doi.org/10.1371/journal.pone.0249425.9001

Students spent between 5 and 75 minutes (median 35) for each case (Fig 1). Students were
triggered to search for additional information and contents on the topics and spent between 5
and 60 min (median 15) for additional research for each case respectively.

Discussion

During the COVID-19 pandemic, students experienced social isolation, cancellation of practi-
cal training and a general loss of motivation. The challenges of teaching arising out of the
unprecedented situation were decisive drivers behind the creation of new innovative e-learn-
ing cases. Efforts were made to maintain quality of medical education [3] and to keep students
mentally in contact with patients in their endeavor to become physicians via e-learning cases.
Early results on students’ perception of e-learning reported optimism about the learning expe-
rience [24]. however, students did not prefer e-teaching over face-to-face teaching [9] and
most of them preferred returning to the clinical setting [10]. Under these circumstances, fac-
tors that promoted identification with and working through presented materials on e-learning
platforms gained invaluable importance. E-learning experiences should be designed with rele-
vant and authentic information for the learners and should include intuitive navigation sys-
tems. Feedback mechanisms that are meaningful and adaptive, if possible, should be
incorporated into the experience [25]. Previous reports about motivation techniques in e-
learning by Tarans suggested 10 techniques for keeping students’ attention: Stimuli, anticipa-
tion, incongruity, concreteness, variability, humor, inquiry, participation, breaks and energiz-
ers and storytelling. These were regarded as important elements to obtain and keep motivation
on a high level while learning online [26].

In this study, we piloted an online medical teaching protocol using multimodal, game-
based and realistic e-learning patient cases to replace in-person clinical teaching during the
COVID-19 pandemic. Interest, motivation and learning goals of students were evaluated
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through their responses received after every case during a 10-week period. At first sight, stu-
dents were extrinsically motivated to participate in e-learning since it was mandatory to partic-
ipate to be eligible for sitting the final exam. However, our findings suggest that students’
motivation arose while solving the cases because of the reality-based settings, gaming-based
simulations, appealing case designs and the in-case feedback mechanisms (Table 1). It has
been reported previously that case design should be taken into consideration when promoting
self-directed learning [27], which was reflected by our student cohort. E-interacting with
patients and their relatives in these simulated scenarios helped students’ motivation and
proved reassuring for them during this mainly e-learning based semester. A real-world like e-
learning experience showed students the practical relevance of the theories they were learning
and made them easier to learn by forming associations between clinical presentations and
learned theory.

Designing more realistic e-learning cases with multimedia elements as real-life scenarios
helped to enhanced students’ learning by making disease conditions more perspicuous. The
cases provided a framework for students to understand clinical practice and routine, and
allowed them to directly undergo clinicians’ workflows by working through different patients’
stories from a doctor’s perspective. The cases also helped them develop clinical ways of think-
ing and to memorize the patients in the cases as”memorable patients”[28].

Moreover, these interactive aspects led to an enjoyable case experience (Table 1). Students
often reported “fun” during the e-learning cases which corresponds with prior results were
game-like e-learning proved to be more effective than conventional methods [29]. On the
basis of these motivational aspects, the cases developed a much more important role during
the course of the semester. Motivated by the setting, design and structure of the cases, students
started to prepare better for the weekly case in order to fulfill their own ambition to serve the
virtual patient sufficiently. This led to a pattern of weekly preparation, following and preparing
the cases. This pattern is especially relevant in times of a pandemic as it helps the student to
gain a structured learning week although no regular teaching was in place. Previous studies
[30, 31] showed that motivation during self-directed learning while e-learning was the best
predictor of changes in motivation.

This structuring aspect of the weekly cases supports the aims of competence-based internal
medicine curriculum for building bridges between theoretical knowledge and practical skills
and their application in an actual hospital setting. The students gradually started to perceive
and understand the curriculum structure by the leading symptom-based cases, which helped
them to better relate to the curriculum structure and philosophy.

Limitation

Despite the interesting findings, the results should be interpreted in light of some limitations
arising from the single-center study design. A cohort of 198 students at the Heidelberg Univer-
sity medical school enrolled in the internal medicine semester participated in the evaluations
and only 25% of students participated in the final evaluation. Moreover, general effects of
COVID-19 and social distancing must be noted: Highly motivated at the beginning, students’
participation in voluntary evaluations declined throughout the 10-week curriculum and also
the length of free-text answers reduced.

Conclusions

This qualitative single-center study reports on integrating realistic symptom-based, e-learning
cases in a completely online-based internal medicine curriculum at Heidelberg University
Medical School by assessing motivational aspects regarding self-centered learning in a large
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student cohort. Interactivity, media and design, repetition and deepening of knowledge, prac-
tical real-life aspects and fun were named by students as critical points for e-learning success.
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