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ABSTRACT

Aim While methods of independent study, such as problem-

based learning, have been shown beneficial to students’ learn-

ing outcome and motivation to self-educate, these concepts

are currently challenged by the pandemic. The aim of the cur-

rent study was the evaluation of the transfer of an interactive

nuclear cardiology teaching module to an online, distance

learning setting.

Methods Two-hundred-forty medical students completed

and evaluated the teaching module in a classroom and 127

students in the distance learning setting.

Results The interactive, problem-based teaching module was

transferred well into the distance learning setting during the

pandemic. However, while the presented results suggest that

distance learning is a good substitute for classroom teaching

when in-person teaching is not possible, the distance teaching

module was perceived less efficient in its course didactics, de-

mands as well as applicability than the samemodule in a class-

room setting.

Conclusion Although distance learning thus cannot entirely

replace classroom education, it does provide a well-suited al-

ternative method to teach particularly nuclear medicine and
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medicine in general. Future applications should offer intro-

ductory sessions, provide learning materials in advance and

slow down the teaching pace to facilitate online, distance

learning.

ZUSAMMENFASSUNG

ZielWährend Methoden des Selbststudiums, wie z. B. das pro-

blembasierte Lernen, sich als vorteilhaft für den Lernerfolg

und die Motivation von Studenten erwiesen, sich selbst wei-

terzubilden, werden diese Konzepte derzeit durch die Pande-

mie erschwert. Ziel der aktuellen Studie war die Evaluation

des Transfers eines interaktiven nuklearkardiologischen Lehr-

moduls in ein online-basiertes Fernstudium.

Methoden Zweihundertvierzig Medizinstudierende absol-

vierten und bewerteten das interaktive Lehrmodul in einem

Klassenzimmer und 127 Studierende in der Fernlernumge-

bung.

Ergebnisse Das interaktive, problembasierte Lehrmodul

konnte während der Pandemie gut in die Fernlernsituation

übertragen werden. Obgleich die vorgestellten Ergebnisse

darauf hindeuten, dass der Online-Unterricht ein guter Ersatz

für den Präsenzunterricht ist, wenn dieser nicht möglich ist,

wurde das Fernunterrichtsmodul in Bezug auf die Kursdidak-

tik, dessen Anforderungen sowie Anwendbarkeit als schlech-

ter empfunden als das gleiche Modul in einer Präsenzveran-

staltung.

Schlussfolgerung Auch wenn das online-basierte Fernstu-

dium den Unterricht im Klassenzimmer nicht vollständig er-

setzen kann, stellt es eine gut geeignete alternative Methode

dar, um Nuklearmedizin im Speziellen und Medizin im Allge-

meinen zu lehren. Zukünftige Anwendungen sollten Einfüh-

rungsveranstaltungen anbieten, Lernmaterialien im Voraus

bereitstellen und das Unterrichtstempo verlangsamen, um

Distanzkurs zu optimieren.

Introduction

The teaching of nuclear medicine, especially within the frame of
educating undergraduate medical students, is of utmost impor-
tance for the future development of the discipline. At best, it cre-
ates visibility, provides future physicians with the necessary
knowledge to collaborate with nuclear medicine in interdisciplin-
ary patient care, and it encourages candidates to choose a specia-
lization in this field [1]. Just as the current pandemic situation po-
ses a challenge for teaching of medicine in general, it has similarly
affected the teaching of nuclear medicine [2]. During times of
forced cancellation of many teaching activities, nuclear medicine
has to be careful not to vanish from visibility in medical teaching.
Therefore, concepts are needed that create sustainable learning
experiences while respecting the rules of distance learning. One
solution is the development of eLearning tools that make use of
sophisticated viewing devices for nuclear medicine or hybrid ima-
ging [3, 4, 5]. They offer great opportunities especially for teach-
ing medical imaging. However, these tools take time to be build
and implemented. Therefore, most often, they cannot be used as
ad hoc solutions in times of unforeseen urgent need. In this paper,
we aimed for a different approach. We tried to transfer a well-es-
tablished class on nuclear cardiology from classroom teaching to
distance learning using a video-conference tool. The challenge of
this transfer was that the didactic concept of our class is inspired
by student centered problem-based learning (PBL) focusing on in-
teractions in small groups [6]. Several studies demonstrated the
advantages of such approaches compared to traditional lecturer-
centered learning. They lead to a higher student motivation, an
increase in retrieval performance, and address more frequently
higher-level competencies that refer not only to descriptive fact-
based knowledge, but also to procedural knowledge as well as
the training of soft skills [6, 7, 8]. Therefore, we intended to pre-
serve the problem-based interactive character of the teaching
module while applying distance learning. The aim of this study to
evaluate the distance learning module of nuclear cardiology and

was to compare the outcome of the evaluation with the evaluati-
on of the same module in a classroom setting. This may reveal
challenges and opportunities of distance learning as imposed by
the current pandemic but may also indicate what role distance
learning of nuclear medicine should and should not play in post-
pandemic times.

Materials and Methods

Participants

The current study was approved by the local ethical committee
(Medical Faculty, RWTH Aachen University). The volunteers were
second-year students of the Medical Faculty of RWTH Aachen Uni-
versity that participated in either the teaching module in a class-
room setting in 2020 or the same teaching module in a distance
learning situation in 2021.

Design of the nuclear cardiology course

The 60 minutes course is taught within the framework of the
model degree program of medicine of the RWTH Aachen Univer-
sity (“Modellstudiengang Medizin”). It combines teaching of basic
scientific preclinical and clinical knowledge throughout the curri-
culum to encourage horizontal and vertical integration of ac-
quired knowledge (spiral curriculum [9, 10]). Thus, the course is
linked to a preclinical course on cardiac physiology and a clinical
lecture on nuclear cardiology. It is mandatory for all second-year
medical students. The learning objectives are based on the Ger-
man National Competence Based Catalogue of Learning Objec-
tives for Undergraduate Medical Education (NKLM) (http://www.
nklm.de), Chapter 15.5 and the related consensus paper of Mar-
ienhagenet al. [11]. The overall learning objective is to enable the
students to understand and differentiate reversible and non-re-
versible myocardial ischemia diagnosed by myocardial perfusion
SPECT. The study material consists of clinical case descriptions,
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myocardial perfusion SPECT images and related assignments. The
overall program is designed as a case-based learning course in
small groups. One class consists of 20 participants, that is subdivi-
ded into three smaller groups that are instructed to work on dif-
ferent clinical cases. In the classroom setting in 2020, all groups
rotated and worked on all cases. In the distance learning situation
in 2021, each group worked on one case only. After solving the
case the original group/ all students will reunite, so that represen-
tatives of each small group can present their results to the other
small groups. The didactic concept is closely related to classical
PBL. Thus, the role of the lecturer is predominately to facilitate
the interactive learning process, to model reasoning, and to en-
courage the students to develop and criticize their own clinical hy-
potheses [12]. However, due to time constrains, we do not follow
the exact classical six steps of PBL. The course concept was origi-
nally developed for a classroom setting. In 2021, due to the coro-
navirus pandemic, we transferred this concept to a distance learn-
ing setting by using the video conference tool Zoom (Zoom
Videos Communications, Inc. – San Jose, CA, USA). The division
of the participants into small groups, and the respective group
work was carried out with the help of the ‘breakout session’ func-
tion of Zoom. The lecturer split the participants into separate
breakout rooms, while he moved between rooms, i. e., separate
student groups, to stimulate the discourse between students, en-
couraging the learning process and to assist when needed. After
solving the individual clinical cases, the breakout rooms were
ended, and all groups came together again in the main room for
their presentations in front of all students.

Questionnaire

The authors developed a questionnaire to evaluate the teaching
module in a classroom (2020) and a virtual, distance learning set-
ting (2021). The questionnaire was originally developed for the
evaluation of in-person teaching and consists of 22 items that
can be categorized into six subscales, i. e., didactics (six items),
demands on the students (three items), participation (two items),
personal gain (five items), relevance to practical applicability (five
items), and overall assessment (one item). Item 16, which eval-
uated the novel seminar type and its effect on learning success
(personal gain subscale), was rated on a 5-point Likert-Scale ("1 –
disagree", "2 – rather not agree", "3 – neither", "4 – rather agree", "5
– agree"). All remaining items were rated on a 7-point Likert-Scale
("1 – totally disagree", "2 – not agree", "3 – rather not agree", "4 –
neither", "5 – rather agree", "6 – do agree", "7 – totally agree"). For
an overview and a translation of all items in English, please see the
results section for an overview of all items. Two open-ended ques-
tions additionally inquired about aspects that were particularly
appreciated by the students and aspects that could be improved.
For the evaluation of the teaching module in the distance learning
situation, four items were added to address the distance learning
setting (i. e., the availability of appropriate technical equipment,
the access of the teaching material, the lack of social interactions
with peers, and the suitability as substitute of a seminar in a class-
room setting; see the results section for the open-ended ques-
tions. Further, an open-ended question was added to assess which
aspects students would like to keep for future applications of the

teaching module in the classroom setting. Students’ replies to the
open-ended questions were independently divided into response
groups by two raters. Inconsistent classifications were discussed,
and the division was collectively decided upon.

Analyses

Statistical analyses were performed in R [13]. Due to the skewed
distribution and a lacking homogeneity of variance for several
items, the evaluation of both teaching module settings (item-
wise comparison and comparison of summary scores of each sub-
scale), was compared using Mann-Whitney U tests. The tests were
performed with the R package stats. The rcompanion package was
used to calculate the effect size r[14] and plots were created with
the ggplot2 package [15].

Results

Two-hundred-forty medical students (168 females, 66 males, 6
NA) evaluated the teaching module in the classroom setting and
127 medical students (92 females, 34 males, 1 NA) in the distance
learning setting (▶ Table 1).

The overall rating of the teaching module was well across set-
tings (classroom, distance learning; ▶ Table 2). Yet, the teaching
module in classroom setting was evaluated marginally better
than the teaching module in the distance learning setting,
U = 15443, p = 0.06, r = 0.10 (▶ Table 2; ▶ Fig. 1; Item 22). This
was similarly reflected in several items addressing course didac-
tics, demands as well as applicability. That is, in the distance learn-
ing setting, it appears more difficult for the teacher to convey the
information to the students in an interesting, vivid, and compre-
hensible manner (Item 2; 3; 4; ▶ Table 2). Additionally, the ability
to critically reflect on the seminar’s topic (Item 19), to provide and
critically discuss realistic examples (Item 18; 19) and to draw ac-
tive links between theory and practice (Item 17) seems more dif-
ficult (▶ Table 2). Students experienced the seminar content as
more difficult (Item 7), faster (Item 8) and time-consuming (Item
9) in the distance compared to the in-person teaching module
(▶ Table 2). Furthermore, in the distance compared to the class-
room module, group participation was perceived lower (Item 10;

▶ Table 1 Overall ratings per gender and setting (classroom (2020)
vs. virtual, distance learning (2021)).

Year Female Male NA

2020 M (SD) 5.90
(1.23)

6.03
(1.19)

5.80
(1.30)

2021 5.67
(1.24)

5.82
(1.07)

7.00 (-)

Abbreviations: M – Mean; SD – standard deviation. Note: The answer
options for the overall rating were based on the following 7-point
Likert scale: "1 – totally disagree", "2 – not agree", "3 – rather not
agree", "4 – neither", "5 – rather agree", "6 – do agree", "7 – totally
agree".
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11). Consequently, despite its positive evaluation, the online
seminar was followed with less interest (Item 15) and was per-
ceived as less helpful (Item 13) and marginally less relevant (Item
22) than the classroom module (▶ Table 2).

Only the independent work in small groups (Item 16) and the
early discussion of the seminar’s topic (Item 20) were rated better
in the distance compared to the classroom module (▶ Table 2).
For an overview of the differences between settings see ▶ Fig. 1.

Across both settings, the three most appreciated aspects of
the teaching module mentioned in the open-ended questions
were the small group work (classroom: 26.5 %; distance learning:
30.2 %), the didactics of the teaching module (classroom: 22.1 %;
distance learning: 33.3 %), and the quality of the lecturer (class-
room: 22.1 %; distance learning: 17.5 %). Next to the general ap-
preciation of the interactive group work and the possibility to ask
questions and receive valuable assistance and feedback by the lec-
turer, students’ positive, didactics-related comments were mainly
related to the direct and active application of acquired knowl-
edge. The three most frequently mentioned aspects for improve-
ments were the course management (classroom: 53.3 %; distance
learning: 49.2 %), the didactics (classroom: 31.7 %; distance learn-
ing: 19.7 %) and the learning resources (classroom: 13.3 %; dis-
tance learning: 19.7 %) across both settings. Course management
related comments largely concerned the time allocation to the
completion of the group work as well as the course integration
into the curriculum. For the classroom setting, course manage-
ment related answers were also addressing the order of the task
completion (i. e., subsequent tasks were easier if task 1 was com-
pleted first). The didactics-related comments primarily raised sug-
gestions for an initial introduction to the course structure and to-
pic. In addition, students suggested that it would be beneficial to
have learning resources available for preparation prior to the start
and a summary after the teaching module. The students evaluat-
ing the teaching module in the distance learning setting suggest-
ed that the small group work and especially the course didactics
should be maintained in a classroom-based format as soon as in-
person meetings are possible again. For a comparison of all open-
ended questions see ▶ Fig. 2.

While most students reported having the right equipment and
finding the learning materials easily for the distance learning
module, responses to lack of direct contact and suitability as a
substitute for a classroom module were divergent, see ▶ Fig. 3.

Discussion

Overall, the case-based interactive teaching module in nuclear
cardiology was rated very good across settings. This is in line
with prior evaluations of PBL-based learning in medical education
[6, 16, 17]. In the current evaluation, particularly the interactive
character with the self-employed identification of learning con-
tent and objectives, as well as the subsequent application of the
acquired knowledge to different clinical cases, were appreciated
by the students. Within these concepts, the role of the lecturer
changes to that of a tutor who supports the learning process in-
stead of teaching frontally. The positive results of both courses
confirm the finding of Mayoet al. [18] and Steinert [19]. Accord-▶
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ingly, the role of the tutor as a metacognitive guide who encoura-
ges students to thinking critically about clinical cases is essential.
Interestingly, the ratings on the appreciation of the independent

work in small groups was higher in the distance learning than the
classroom setting. This could be, inter alia, due to a general appre-
ciation of modern, alternative curricular methods as well as a

▶ Fig. 1 Differences in the evaluation of the teaching module between the classroom (2020) and the virtual, distance learning (2021) setting. Note:
Only items are depicted, for which a statistically significant difference was found in the evaluation of the teaching module between settings
(classroom (2020) vs. virtual, distance learning (2021)). The error bars represent the standard error. For the respective question of each item, see
Tab. S1. The answer options for the 5-point Likert scale of item 16 were: "1- disagree", "2 – rather not agree", "3 – neither", "4 – rather agree", "5 –
agree". The answer options for the remaining items were based on the following 7-point Likert scale: "1 – totally disagree", "2 – not agree", "3 –
rather not agree", "4 – neither", "5 – rather agree", "6 – do agree", "7 – totally agree". Significance: * p < 0.05; ** p < 0.01; *** p < 0.001.
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▶ Fig. 2 Replies to the Open-Ended Questions. a Responses to the open-ended question “What could be improved?” are depicted as percentages
per response group and setting (classroom (2020) vs. virtual, distance learning (2021)). b Responses to the open-ended question “What was par-
ticularly good?” are depicted as percentages per response group and setting (classroom (2020) vs. virtual, distance learning (2021)). c Responses
to the open-ended question “What could be done similar in the classroom setting” are depicted as percentages per response group for the virtual,
distance learning teaching module in 2021.

▶ Fig. 3 Answers to the items addressing the distance learning situation in 2021.
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higher appreciation of the interactive character in the current si-
tuation. Given the current coronavirus pandemic and the advised
social distancing, students may have particularly valued contact
and interactive work with their fellow students. Indeed, recent
studies on the health of students under lockdown indicated that
students’ increased stress and worries during the pandemic, as
well as the lack of social interaction and emotional support are
associated with negative mental health trajectories [20, 21].
Transferring the case-based interactive course from a classroom
to a distance learning setting might have thus offered the stu-
dents an alternative social interaction with their fellow students.
In addition, unlike in the classroom setting, students in the dis-
tance learning setting worked only on one clinical case, which
they subsequently presented to their peers. Students might have
additionally appreciated the presentations and thus the immedi-
ate application of the acquired knowledge, which was indeed
mentioned by the students within the open-ended questions on
positive feedback. Nevertheless, students’ ratings on the suitabil-
ity of the distance learning module as an appropriate substitute
for the same teaching module in a classroom setting, as well as
ratings on the absence of direct social contact, were divergent.
One potential factor underpinning this diversity could be stu-
dents’ personality traits (particularly agreeability and conscien-
tiousness), which in turn not only leads to different preferences,
but also to different coping mechanisms during a pandemic (e.
g., Asselmannet al. [22]).

Knowledge transfer and active engagement of students in an
online module appears generally more difficult. While students
appreciate the alternative teaching module and seem well equip-
ped to take part in online modules, they perceived the online
seminar as more difficult and time consuming than the same
module in a classroom setting. Next to a lower teaching speed,
online seminars might thus require alternative methods to in-
crease the students’ interest as well as active participation. Face-
to-face teaching primarily offers course didactic advantages, such
as an easier opportunity to reinforce the active discussion of rea-
listic examples and to draw comprehensible connections between
theory and practice. The current findings are thereby consistent
with a recent thematic review addressing the advantages and dis-
advantages of remote teaching in higher education during the
pandemic across several disciplines [23]. While the overall trans-
fer of the nuclear medicine course to a distance learning format
was generally successfully and future, partial transfer of some
modules to an online format may proof beneficial, the presented
findings thus suggest that online seminars cannot entirely replace
face-to-face instruction in classroom-based modules.

It should be noted that this is a first attempt to transfer the
case-based interactive nuclear cardiology course from the class-
room to a distance learning setting. Additional course manage-
ment and technical issues, as reflected in the students’ replies to
the open-ended questions, could thus have potentially contribut-
ed to the lower scores in distance learning setting. Future applica-
tions of a nuclear cardiology as well as other medical courses in a
distance learning setting might consider an additional introduc-
tion to the course concept and the provision of study material in
advance to prevent organizational issues, save time and to clarify
potential questions and concerns that might hamper student par-

ticipation. Challenges encountered during the preparation and
delivery of distance learning are often of a different nature than
challenges faced in classroom teaching. That is, for example,
while the preparation of distance learning does not per se involve
additional organizational effort in terms of room and time organi-
zation, an important prerequisite for distance learning is the orga-
nization of adequate technical equipment and often the replan-
ning or didactic reorganization of face-to-face teaching [24].
With the growing number of online courses, whose development
was additionally driven by the pandemic according to the themat-
ic analysis by Erlichet al. [25], a training of teachers in media di-
dactics and qualitative adaptation of teaching material to distance
learning is needed to optimize online education for both teachers
and students. For a literature review on the effectiveness of dis-
tance learning and other aspects that should be considered when
adapting classroom to online education, see Singh and Hurley
[24].

The presented findings should be evaluated with consideration
of some limitations. First, the current evaluation only addressed
aspects of students’ experience, but did not directly assess the
learning outcome. Although an examination took place, nuclear
medicine was only one of several topics within the exam, with
only a small proportion of examination questions (approx. 7 %).
Therefore, the relation of both, student ratings and teaching out-
come was not addressed within the current study und remains un-
clear. Studies indicate that student ratings of teaching effective-
ness are positively related to student achievement [26, 27].
However, others emphasize that student ratings may be biased
by factors unrelated to teaching effectiveness, such as the difficul-
ty of exams or the anticipation of getting a good grade [28]. Since
our evaluation took place more than a month before the exam, it
might be speculated that these factors were only of minor rele-
vance to our evaluation. Ultimately, randomized controlled stud-
ies are needed that directly compare the learning outcome of dis-
tance learning methods with that of classroom-based methods
outside a pandemic situation. Moreover, it should be noted that
the emergence of the pandemic created unprecedented changes
in social life and social interactions with various implications.
Therefore, the comparability of the pre-pandemic and the pan-
demic teaching modules and student groups as well as the gener-
alizability to distance learning settings independent of a pan-
demic might be limited. Further, albeit the current study did not
use a previously validated questionnaire, it is not always easy or
possible to develop questionnaires that can be applied to the of-
ten very individual, broader diversity of teaching. However, future
evaluations should consider developing a questionnaire that
would be applicable to nuclear medicine teaching modules in
general. Finally, it should be noted that the current findings refer
to a one-day course only and therefore might not be generalizable
to longer course modules.

Conclusion

Our results demonstrate that interactive teaching concepts are
feasible and highly appreciated by the students during the current
pandemic. However, while distance learning concepts can help to
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maintain visibility of the discipline and to create sustainable learn-
ing experiences, and a partial shift of teaching modules to online
modules is certainly helpful, they cannot fully replace but poten-
tially enhance face-to-face instruction in classroom-based mod-
ules.
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