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Higher education has changed significantly since the beginning of the COVID-19
pandemic. Medical education programs with extensive practical and interactive
components faced major challenges to protect students, faculty and patients. In
response to COVID-19, many medical schools worldwide shut down undergraduate
medical education and converted most of their teaching to digital formats. The aim of this
paper is to assess the attitude towards and adoption of the novel learning environment
among undergraduate medical students during COVID-19. Two studies were conducted
to analyze specific aspects of the adaption of digital teaching during the digital summer
semester 2020 (study 1), and to compare student satisfaction and their feeling of
preparedness for exams in the digital semester compared to traditional semesters
(study 2). Results show that there are numerous pros and cons of digital teaching.
Pros were the large flexibility and large-scale availability of digital teaching materials.
Cons were the lack of interactions with peers, professionals, and patients in practice.
Results also show that female students as well as year 1 students seemingly coped better
with the digital learning environment. Students with childcare or job obligations also
benefited from the large flexibility. While student satisfaction decreased in the digital
semester, they did not feel less prepared for exams. Cross-sectional comparisons
revealed that student satisfaction and agreement gradually decreased in the
comparison of the different cohorts with fourth year students being the least satisfied
and showing the least agreement regarding the feeling of preparedness for exams.
Altogether, our results indicate that students were able to cope with digital teaching,
but clearly, some groups of students were able to better adapt to the novel learning
environment. This might demand the introduction of tailored educational support services
for different groups of students during COVID-19 as they progress throughmedical school.
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INTRODUCTION

The coronavirus disease (COVID-19) pandemic and its
consequences have an impact on private, professional and
social life of the general population and specific groups
(Vindegaard and Benros, 2020). Higher education has changed
significantly since the beginning of the pandemic. Particularly,
study courses with extensive practical and interactive
components such as medical education faced major challenges
to protect students, faculty and patients, and flatten the curve by
social distancing while ensuring the educational mission at the
same time. Undergraduate medical education usually applies
many different formats in teaching (i.a., bedside-teaching,
laboratory courses, practical training) and in assessment (i.a.,
Multiple-Choice-Questions, Objective Structured Clinical
Examinations, mini-clinical evaluation exercise) (Holzinger
et al., 2020; Vanderbilt et al., 2013). In response to COVID-
19, many medical schools worldwide shut down undergraduate
medical education and converted most of their teaching to digital
formats (Rose, 2020). In addition, the exams changed
significantly. For example, all Objective Structured Clinical
Examinations (OSCE) were converted into Multiple Choice
tests. This rapid change of the learning environment may
cause several effects among medical students. Both, positive
and negative effects of the learning environment on health
profession education have been reported (Gruppen et al., 2019;
Weiss et al., 2013) and strategies to improve the learning
environment in undergraduate medical education to promote
students’ well-being were recommended before the pandemic
began (Wasson et al., 2016; Dyrbye et al., 2020). Learning
environments that are perceived as unsupportive are typically
associated with high levels of depression, burnout or exhaustion
and medical students’ level of mental health decreases the further
they progress in their undergraduate medical education (Brazeau
et al., 2014; Dyrbye et al., 2010; Schwenk et al., 2010).

The definition of the learning environment by Gruppen et al.
(2019) serves as an important background for this study:
“Learning environment refers to the social interactions,
organizational cultures and structure, and physical and virtual
spaces that surround and shape the learners’ experience,
perceptions and learning.” The rapid change to digital formats
and asynchronous teaching resulted in a dramatic decrease of
social interactions. The organizational culture in medical
education depends on a direct interaction between physicians
and students, especially in clinical teaching. The organizational
structure of medical education with its complex and multifaceted
class schedules could be relatively easily arranged for digital
teaching, because a unique digital tool for the administration
of curricula already existed at the University Medical Center of
Hamburg-Eppendorf. Using this platform, the Faculty could
control the virtual space that shapes the students’ experiences.
However, the physical environment of students could no longer
be controlled and might be an important aspect of how students’
handled the situation.

There is limited evidence on how a pandemic and its
consequences affect medical education. However, some
previous studies provide some insight that has to be

considered in the context of the present paper. A study during
the SARS pandemic showed that the elimination of routines and
the massive reduction in social contact often led to boredom,
frustration, and a sense of isolation from the outside world
(Hawryluck et al., 2004; Reynolds et al., 2008). A few studies
targeting higher health education were published early on in the
COVID-19 pandemic: Chen et al. (2021) showed that the rapid
introduction of synchronous e-learning initially worsened the
learning of dental students. Consequently, asynchronous formats
and the recording of lectures were introduced. This was well
received by students, because they could use the recorded
material for review. In a qualitative study, Khalil et al. (2020)
assessed medical students’ perspectives on synchronous online
learning. Results also show that the utilization of recorded
lectures was well perceived. Another important benefit was
time efficiency of online learning. Students also reported
methodological (e.g., timing and lecture duration), technical
(e.g., internet connectivity and sound quality), and behavioral
challenges (e.g., lack of interaction and individual learning style).

The aim of this study is to assess the attitude towards and
adoption of the novel learning environment among a large
sample of undergraduate medical students during COVID-19
(study 1). Therefore, students’ perceptions of positive and
negative effects of the online teaching formats compared to
the diverse face-to-face teaching formats were assessed.
Second, the aim was to find out how the novel learning
environment affected students’ satisfaction, and their view on
preparedness for exams (study 2).

MATERIALS AND METHODS

Setting
Both studies are cross-sectional surveys conducted at the
University Medical Center Hamburg-Eppendorf (UKE),
Germany. Undergraduate medical education in Germany
encompasses either traditional study courses or reform
study courses as full education programs with a duration of
6 years including a practical year at the end. The Medical
Faculty in Hamburg is one of the larger faculties in Germany
with cohorts consisting of approximately 370 medical students
per year and launched the longitudinal integrated medical
degree program iMED in 2012. Altogether, the reformed
integrated curriculum iMED consists of 19 modules. In each
semester, medical students attend two modules in a given
order. Each module lasts for 6 weeks. A week of exams
follows each module in the first three semesters. From the
fourth semester onward, exams are conducted in the last week
of the semester after both modules have been completed. At
UKE, students are invited to participate in the end-of-semester
evaluation from the very beginning of the program.
Participation in the anonymous online-questionnaire is
voluntary, but highly recommended. More precisely, the
whole population of medical students is eligible to
participate in the evaluation each semester. The actual
samples are made up of participants who have voluntarily
chosen to participate.
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Study 1
In study 1, students participated in an additional voluntary
evaluation 6 weeks into the semester (May, 2020) as well as at
the end of the semester (July, 2020). The online survey was
conducted from May 28, 2020 to June 7, 2020 (t1), and from July
14, 2020 to July 30, 2020 (t2). During this period and before (since
mid-March 2020), the German government announced several
public health measures to suppress the spread of COVID-19 by
increasing social distancing. The following measures were
predominantly used: the closure of schools, daycare,
playgrounds and non-essential shops, and the prohibition to
meet more than one person from another household. Lectures
and seminars were held in a digital format–presentations with
audio recordings in the majority of cases–to diminish
interpersonal contact and protect patients, students and faculty.

This study utilized a mixed-methods design following a
sequential explanatory strategy (Creswell, 2014). In this, a set
of new self-developed or adapted items was integrated in the
questionnaires. In this process, the student council was consulted
to ensure that all relevant aspects of digital teaching were
captured in the questionnaire. The items in the formative
evaluation (May, 2020) targeted the identification of technical
issues as well as the technical application of digital teaching
methods. Students were also asked to assess whether
presentations with audio recordings were inferior, superior or
equivalent to face-to-face teaching in lectures, seminars, bedside
teaching, and practical training. At the end of the semester, an
assessment of the positive and negative perceptions of digital
teaching was implemented in the questionnaire (see Table 1).
Additionally, students were asked to describe positive and
negative aspects of the digital teaching compared to usual
teaching in an open-ended question. The integration of this
qualitative source of data at t2 was needed to better
understand how students handled the first digital semester at
our Faculty. Also, the sequential analysis of follow-up qualitative
data helped explain the quantitative results.

Study 2
In study 2, end-of-semester evaluations of the digital semester as
well as two previous summer semesters were compared. Response
rates are usually above 90%. The questionnaire to evaluate all
study modules is comprised of self-constructed items that cover

general perceptions of the module and the study program as well
as subject-specific items since the implementation of iMED in
2012. In this paper, three items regarding the module or study
program in general were analyzed: Every semester, students are
asked to rate their current satisfaction with iMED as well as the
completed module. In addition, students were asked to assess
whether they knew what they had to learn for the exams. All items
are assessed using a 6-point Likert scale ranging from 1 � not at all
to 6 � absolutely.

Participants Study 1
Study 1 participants were 959 medical students (62% female) who
completed the formative evaluation (population � 1,544 students;
response rate � 62%) in May 2020. At the end of the semester in
July 2020, 1,425 students (58% female) participated in the
evaluation (population � 1,501 students; response rate � 95%).
50% (May 2020) and 56% (July 2020) of students were between 21
and 25 years old respectively. Four different cohorts of students
participated in the evaluation (July 2020): 338 (24%) first year
students (second semester), 338 (24%) second year students
(fourth semester), 430 (30%) third year students (sixth
semester), and 319 (22%) fourth year students (eighth semester).

Participants Study 2
Participants were N � 4,215 medical students who participated in
the end-of-semester evaluation in the summer semester 2018 (n �
1,382, population � 1,476 students; response rate 94%), summer
semester 2019 (n � 1,408, population � 1,477 students; response
rate 95%) and summer semester 2020 (n � 1,426, population �
1,501; response rate 95%). 58% were female. The majority of
students (55%) was between 21 and 25 years old. In each of the
three semesters, four different cohorts of students participated in
the evaluation.

Quantitative Analysis
Perceptions of students were compared using either Kruskal-
Wallis tests or Mann-Whithney U tests due to skewed
distributions. In study 1, a Bonferroni correction was applied
due to multiple testing, resulting in a significance level of 0.006
(0.05/8). In study 2, a Bonferroni correction was applied resulting
in a significance level of 0.017 (0.05/3). Effect size calculations
were conducted to determine the magnitude of the differences.

TABLE 1 | Descriptive statistics of items regarding positive and negative perceptions of digital teaching (study 1).

Negative perceptions of digital teaching N M (SD) Mdn

The digital classes left more questions unanswered for me than usual teaching 1,349 3.81 (1.70) 4
I was shy of asking questions in video conferences 1,118 3.58 (1.71) 4
I felt overstrained by the lack of a time frame and structure in the digital teaching 1,353 3.43 (1.78) 4

Positive perceptions of digital teaching

I appreciate the use of digital teaching offers independently of time and location 1,334 4.93 (1.29) 5
I appreciate the possibility to use digital teaching material repeatedly 1,357 5.52 (0.90) 6
The use of digital teaching offers increases my study satisfaction 1,349 4.18 (1.60) 4
The digital teaching format motivated me to continuously pursue autonomous learning 1,356 3.88 (1.66) 4
I managed the autonomous acquisition of the study topics well 1,362 4.55 (1.29) 5
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According to Cohen’s guidelines (Cohen, 1988), r � 0.10 was
considered to be a small effect, r � 0.30 as a medium effect, and r �
0.50 as a large effect. In terms of the effect size eta-squared, η2 �
0.01 was considered as a small effect, η2 � 0.06 as a medium effect,
and η2 � 0.14 as a large effect.

Qualitative Analyses
In study 2, all comments by the students were analyzed using an
inductive category formation in MAXQDA 2018 (VERBI
GmbH). Two top-level codes, namely positive and negative
effects of digital teaching, were set beforehand. Initially, one
coder (BK) worked through two modules to build a coding
frame containing categories associated with one of these top-
level codes. Afterwards, all documents were completely worked
through by two coders to share the workload (BK, SM). In a next
step, all codes in all categories were screened to identify
discrepancies in category attribution and to consolidate
ambiguous categories. This coding and counting process of the
qualitative data enabled the connection to quantitative data.

Ethical Considerations
The study was realized in accordance with the Declaration of
Helsinki (World Medical Association, 2013). Participation in the
studies was voluntary. The permission to evaluate teaching and
learning is granted in the Hamburg higher education act (section
111 subsection 2, Hamburgisches Hochschulgesetz, HmbHG). At
our faculty, data analyses and dissemination processes are
regulated in the “Statutes of evaluation of teaching and
learning at the Medical Faculty, University of Hamburg.”
When entering iMED, students officially consent to the
procedures of the web-based evaluation. The consent is
voluntary, and over 99% of students give it. The anonymity of
students is guaranteed.

RESULTS

Study 1
The results of the formative evaluation 6 weeks into the semester
showed that students agreed to the statement that they were able to
use the digital teaching offers with their technical equipment as well
as their internet connection (N � 945, M � 5.17, SD � 1.12, Mdn �
6). Students also strongly agreed that they were able to make use of
the different digital teaching methods (presentations with audio
recordings: N � 946, M � 4.98, SD � 1.17, Mdn � 5; video
conference: N � 796, M � 4.78, SD � 1.35, Mdn � 5; videos: N
� 845, M � 4.73, SD � 1.40, Mdn � 5). 52% of students felt that
presentations with audio recordings were superior to face-to-face
lectures. In contrast, the majority of students felt that presentations
with audio recordings were inferior regarding seminars (60%),
bedside teaching (79%), and practical training (80%).

Several items regarding the adaption of digital teaching were
assessed in study 1 (July, 2020). None of the items were normally
distributed. The largest approval was found regarding the
appreciation of the possibility to use digital teaching material
repeatedly (see Table 1). Sixty percent of students stated they very
often or oftenmade use of this possibility. All items regarding positive

perceptions of digital teaching were negatively skewed. Perceptions of
negative aspects were somewhat heterogeneous resulting in rather
bimodal distributions with larger groups of students disagreeing or
agreeing to the statements, respectively.

Within this study, four different cohorts of students
participated in the evaluation (year 1 students/second semester;
year 2 students/fourth semester; year 3 students/sixth semester;
year 4 students/eighth semester). In a next step, differences
between students of different cohorts were analyzed (see
Supplementary Table S1). Figure 1 illustrates that first year
students were seemingly able to cope with the negative aspects
of digital teaching the best, because they agreed the least with these
statements. First year students also agreed most to the positive
aspects of digital teaching. In contrast, second year students agreed
most to negative aspects of digital teaching, and disagreed most to
positive aspects of digital teaching, respectively. Kruskal-Wallis
tests were statistically significant (p < 0.006) in all but two
comparisons (see Supplementary Table S1). There were no
statistically significant differences regarding the items “I
appreciate the use of digital teaching offers independently of
time and location” as well as “I appreciate the possibility to use
digital teachingmaterial repeatedly.” Post-hoc tests served to show
which groups were different from each other. Effect sizes of post-
hoc tests were rather small, but the most substantial differences
were found between first and second year students. The effect sizes
of these pairwise comparisons in the post-hoc test varied between
r � 0.14 and r � 0.23.

Analysis of gender differences showed that female students’
perceptions were different from male students’ perceptions in the
majority of items (see Figure 2; Supplementary Table S2). After
a Bonferroni correction for multiple comparisons, three
statistically significant differences were detected (p < 0.006).
Male students agreed more to the statement that the lack of a
time frame and structure in the digital teaching made them feel
overstrained, representing a small effect (r � 0.13). In contrast,
female students agreed more to the statement that digital teaching
increased their study satisfaction (r � 0.09) as well as the
statement that digital teaching motivated them to continuously
pursue autonomous learning (r � 0.10).

Lastly, differences between age groups were analyzed. This
additional analysis is called for, because the cohort is oftentimes
not a strong predictor of the age group due to the complex
admission procedures in Germany (e.g., applicants can be put on
a waiting list for up to 7 years to get into university). In our study,
the age group was not strongly associated with the cohort (r �
0.252, p < 0.000). Therefore, differences between age groups
regarding all eight items on the adaption of digital teaching
were analyzed. Results show that two statistically significant
differences between age groups were detected (p < 0.006; see
Supplementary Table S3). Older students agreed more to the
statement that digital teaching increased their study satisfaction
(M � 4.75, SD � 1.52, Mdn � 5; H � 30.26, p < 0.000, η2 �0.02). In
addition, older students agreed the least that digital classes left
more questions unanswered for them than face-to-face teaching
(M � 3.38, SD � 1.74, Mdn � 4; H � 21.55, p < 0.000, η2 �0.014).

At the end of the semester, students were asked for positive and
negative aspects of digital compared to face-to-face teaching in a free
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text format. Four hundred seventeen (29%) students responded to
this free-choice question. These students mentioned 705 aspects of
which 50% were positive (n � 357 codings within 13 sub-codes) and
roughly 50% were negative (n � 349 codings within 12 sub-codes).
All sub-codes including their frequencies are presented in Table 2.

One theme stood out within the positive code, namely the
possibility to pause presentations with audio recordings and
repeatedly work through these (n � 132 codings). Especially,

students appreciated the fact that this format allowed them to
adjust their studies to their own learning style.

“It’s great to have your own schedule. If you need a break, you
just pause the presentation. You can listen to the presentation
repeatedly while consulting relevant literature.”

The second most important positive aspect was the large
flexibility in the use of digital course materials (n � 125 codings).
Students appreciated the fact that they could access the materials

FIGURE 1 | Drop-line chart showing the difference of positive and negative perceptions of digital teaching between four cohorts.

FIGURE 2 | Drop-line chart showing the difference of positive and negative perceptions of digital teaching between male and female students.
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whenever and wherever they wanted. Within this sub-code, 33
students emphasized the advantages of this format for students
with other responsibilities like childcare or part-time jobs.

“It’s just positive. Self-regulated learning and this freedom
enabled me to better structure my obligations as a student,
mother and employee.”

Within the negative code, many students described how they
missed the face-to-face interaction with teachers and peers (n �
103 codings). The students argued that asynchronous interaction
(e.g., via e-mail) had negative effects on their learning. Some
students mentioned that they were reluctant to ask questions via
e-mail or in video conferences.

“The lack of interaction and the lack of the possibility to develop
questions within a conversation stand in the way of sustainable
learning.”

The second most important negative effect was the lack of
practical experiences and patient encounters (n � 93
codings). Many students were disappointed and
emphasized that they were unable to improve their
competence because of the missing application of
theoretical knowledge in practice.

“I have the feeling that a lot less knowledge got stuck due to the
lack of practical teaching.”

Study 2
In study 2, end-of-semester evaluations of the digital semester as well
as two previous semesters were compared (Table 3). Results of a
Kruskal-Wallis test showed that the feeling of preparedness for exams

was not associated with the semester [H (2)� 5.96, p� 0.051]. Results
regarding the difference in satisfaction with iMED showed that
satisfaction was associated with the semester [H (2) � 14.47, p �
0.001]. Post-hoc tests revealed that satisfactionwas lower in the digital
semester compared to both other semesters, representing small
effects. The same was found for the satisfaction with the module:
students were the least satisfied in the digital semester compared to
the two previous semesters [H (2) � 38.93, p > 0.001]. The pairwise
comparisons were also small in effect size.

Within each semester, four different cohorts of students
participated in the evaluation (year 1 students/second semester;
year 2 students/fourth semester; year 3 students/sixth semester;
year 4 students/eighth semester; see Supplementary Table S4). In
this analysis, the digital summer semester 2020 stood out in different
ways. In both previous summer semesters (2018 and 2019) first year
students were the most satisfied and agreed most in all three items.
Student satisfaction and agreement gradually decreased in the
comparison of the different cohorts with fourth year students
being the least satisfied and showing the least agreement
regarding the feeling of preparedness for exams. Kruskal-Wallis
tests were statistically significant in all comparisons. Medium sized
effects were detected in the comparisons of cohorts in 2018 and 2019
(see Supplementary Table S4). Post-hoc tests of these results
revealed that the largest effect sizes of pairwise comparisons of
the cohorts were found between first and fourth year students (r �
0.28–0.35). In 2020, we identified a different pattern. First year
students’ satisfaction with the module and the program was lower
than in previous semesters, resulting in scores approximately on the

TABLE 2 | Codes and categories of study 1 qualitative data including frequencies.

Positive effects of digital teaching Codings

Possibility to pause presentations with audio recordings and repeatedly work through these 96
Adjustment to own learning style 29
Parallel consultation of literature 7

Flexibility in the use of digital course materials 86
Positive regarding childcare obligations 13
Positive regarding job obligations 20
Adjustment of the class order 6

More intensely work through course material 19
Digital course material is better structured and more refined 21
All students have access to the same material 6
Digital course material would be an ideal supplement of face-to-face teaching 44
Especially useful for postprocessing 10

Total 357

Negative effects of digital teaching

Missing of face-to-face interactions with teachers and peers 103
Lack of practical experiences and patient encounters 93
Amount of course material too large 40
Monotony of course material 23
Lack of a daily structure 21
Digital teaching cannot replace face-to-face teaching 16
Digital contents cannot be memorized 13
Missing of social interaction 11
Get lost in details 8
Negative comments on digital teaching in general 8
Lack of tutorials/exercises 5

Total 349
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level of third year students. First year students also felt less prepared
for exams than in previous semesters. Effect sizes were rather small
in 2020 compared to the previous semesters (see Supplementary
Table S4). Pairwise comparisons of post-hoc tests also revealed
smaller effects (r � 0.13–0.21). All means of the different cohorts in
all three semesters are presented in Figure 3.

In a next step, differences regarding gender and age were
analyzed. Therefore, data of the three different semesters were
split to investigate each semester separately. A statistically
significant difference between male and female students was
found with female students being more satisfied with the
module in the digital semester (female students: n � 808, M �
4.66, SD � 1.05, Mdn � 5; male students: n � 516, M � 4.44, SD �
1.25, Mdn � 5; U � 192,247.5, z � −2.518, p � 0.012, r � 0.06).
None of the other comparisons of male and female students were
statistically significant (see Supplementary Table S5).

Since the age group was not strongly associated with the cohort/
semester (r � 0.274, p < 0.000), the differences between students in
the four age groups were additionally analyzed. Results showed that
age group was associated with the three items. Several statistically
significant differences between students of different age groups were
detected, however effect sizes were small (see Supplementary Table
S6). Students in the age group <21 years were the most satisfied with
the study program in all three semesters. Students in the age group

>31 years were the least satisfied with the study program in all three
semesters. The same pattern of satisfaction was found regarding the
item “satisfaction with module.” However, a statistically significant
differencewas only detected for the summer semester 2019. The only
statistically significant differences between students in different age
groups regarding the item “feeling of preparedness for exams” was
found in the summer semester 2019. Students in the age group
<21 years felt the most prepared while students between 21 and
25 years as well as students >31 years felt less prepared for exams. All
pairwise comparisons in follow-up post-hoc analyses of statistically
significant effects represented small to medium effect sizes.

DISCUSSION

Overall, the results indicate that students coped well with the
usage of the digital teaching offers. Unlike the results of Khalil
et al. (2020) suggest, technical challenges were not prevalent in
the present study. It depended on the teaching format whether
students rated digital teaching offers superior or inferior to non-
digital teaching: More than half of the students even appreciated
presentations with audio recordings more than non-digital
lectures whereas the majority evaluated digital practical
training, bedside-teaching, and seminars inferior compared to

TABLE 3 | Descriptive statistics of study 2.

Summer 2018 Summer 2019 Summer 2020

N M (SD) Mdn N M (SD) Mdn N M (SD) Mdn

I knew what I had to learn for the assessment 1,416 4.37 (1.24) 5 1,411 4.42 (1.26) 5 1,426 4.31 (1.3) 4
Overall, I am satisfied with the study program iMED 1,434 5.15 (0.89) 5 1,441 5.17 (0.92) 5 1,443 5.04 (0.98) 5
Overall, I am satisfied with the completed module 1,431 4.81 (0.93) 5 1,432 4.81 (1) 5 1,356 4.57 (1.15) 5

FIGURE 3 | Drop-line chart showing the difference of satisfaction and feeling of preparedness for exams between four cohorts.
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non-digital formats. It is no wonder that lectures with audio
recordings that can be replayed as much as one needs to
comprehend the contents are appreciated most by students
(Khalil et al., 2020; Chen et al., 2021). In all probability, the
content availability has never been this convenient before.

Meaningful (Online) Learning Experiences
The reported inferiority of certain digital teaching offers could be
explained by a lack of meaningful learning experience (Rusticus et al.,
2014). Meaningful learning experiences as one scale of the Medical
School Learning Environment Survey developed by (Marshall, 1978)
and modified by (Feletti and Clarke, 1981) represents the degree to
which students perceive that the educational experience is relevant to
the practice of medicine. The extreme reduction of social interaction
can also be identified as a negative aspect of digital teaching and
learning. The qualitative findings of this study corroborate this
assumption: The students argued that the lack of interactions had
negative effects on their learning.

Online Learning Style
Both quantitative and qualitative results of the present study add to
the body of research on (online) learning style of medical students.
Students stated that the online format allows them to adjust their
studies to their own learning style (Khalil et al., 2020). Seemingly,
students with childcare or job obligations did profit the most. A
recent study among undergraduate dental students reported that
performing digital learning activities in an office or study room was
an important factor to maintaining a high quality of life (Silva et al.,
2021). In general a suitable environment that allows an adequate level
of concentration (McCutcheon et al., 2015) is crucial for improved
academic performance (Kirschner et al., 1997). Students with
childcare or job obligations as well as older students might be
more likely to have such a learning environment than younger
students due to financial resources. As mentioned before, another
positive factor might be the opportunity to manage their numerous
obligations on their own terms. Altogether, the flexibility and control
within the novel learning environment in terms of the possibility to
use digital teaching material repeatedly and independent of time and
location was most appreciated by the students.

The Role of Sample Characteristics
Three sample characteristics were analyzed in this study: medical
education level, gender, and age group. Interestingly, first year
students disagreedmost to the negative aspects of digital teaching,
and agreed most to the positive aspects of digital teaching,
respectively. The background of these results could be the
structure of the undergraduate medical curriculum with
predominantly preclinical subjects, which can be more easily
studied with the help of presentations with audio recordings, and
few practical training in the first year (Chenot, 2009; Hense et al.,
2021; Rheingans et al., 2019). Furthermore, prior research among
undergraduate medical and dental students found that students
adopted a different learning approach (Lee at al., 2020;
Wickramasinghe and Samarasekera, 2011) and increased levels
of stress (Erschens et al., 2018) with the entry to clinical training.
This might account for our findings that second year students
(fourth semester) agreed most to negative aspects of digital

teaching, and disagreed most to positive aspects of digital
teaching, respectively. At the University Medical Center of
Hamburg-Eppendorf, the large cohort of approximately 370
students is divided into four groups after the third semester,
and students enter the second stage of the program in which the
complexity as well as clinical teaching offers are increased
(Rheingans et al., 2019). This might be an explanation why
second year students perceptions stand out in the analysis.

In addition, gender differences were revealed in the analysis.
While male students felt more overstrained, female students
seemingly coped better with the digital learning environment. A
study in relation to the COVID-19 pandemic by Salfi et al. (2020)
also showed that women in the Italian population seemed to cope
better with the ongoing lockdown measures. Nevertheless, our
findings do not refer to mental health issues, but to the handling
of educational challenges. In this regard, our findings are interesting,
because it was shown that women “define themselves as higher in
relational interdependence than men, and men define themselves as
higher in independence/agency than women” (Guimond et al., 2006,
p. 221). Findings of other studies in medical education on how
motivation affects medical students suggest that male and female
student’ quantity and quality of motivation differ: female students
have higher autonomous motivation than male students, and male
students have higher controlled motivation than female students
(e.g., Kusurkar et al., 2013). The absence of perceived approval from
others as well as the fact that any external reinforcement wasmissing
during the digital, asynchronous teaching might have led male
students to feel more overstrained than female students.
Nevertheless, future studies will be needed to further analyze how
female students coped with the lack of social interaction despite the
fact that relational interdependence is evidently more important
to women.

Additionally, a few differences between age groups were
detected in study 1. On the one hand, older students agreed
more to the statement that digital teaching increased their study
satisfaction. On the other hand, this group of students agreed
more that digital teaching left more questions unanswered for
them than face-to-face teaching. Older students might have to
face more job and family obligations. The very flexible,
asynchronous digital teaching makes it easier for this group to
manage their several obligations, which might have resulted in
their higher study satisfaction.

In-Person vs. Distance Medical Education
Results of study 2 showed that satisfaction with the integrated study
course iMEDdecreased during distancemedical education compared
to previous in-person medical education summer semesters.
Interestingly, students did not feel less prepared for exams. This
might be because exams were organized in a multiple-choice format
only. Nonetheless, students’ quantitative ratings as well as their
written statements indicate that many questions were left
unanswered due to missing interaction and practical experiences.
It has been reported that students’ perceptions of the medical school
learning environment is associated with satisfaction (Genn, 2001). In
the comparison of four different cohorts, a particular pattern was
detected in the digital semester (2020). Differences between cohorts in
terms of the satisfaction with the module were smaller than in
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previous semesters. Fourth year students felt the least prepared for
exams. In this advanced stage of medical education, the practical
study components are usually particularly high (Hense et al., 2021;
Rheingans et al., 2019) and are probably the most difficult to learn
digitally. Altogether, the finding that satisfaction seemingly decreased
during the course of medical school could be associated with the fact
that themental health of students also changes throughout the course
of the semesters and is increasingly characterized by distress (Dyrbye
et al., 2009).

Only one statistically significant difference between male and
female students was detected in study 2 with female students
being more satisfied with the module in the digital semester. This
finding is in accordance with the findings of study 1 in which
females were also found to have more positive perceptions of
digital teaching and learning. The comparison of age groups
revealed a remarkable difference in the satisfaction with the study
program: Younger students were the most satisfied and older
students were the least satisfied. The fact that older students were
the least satisfied might be associated with multiple obligations of
older students (e.g., job, family), although this group explicitly
pointed out the advantages of digital learning in study 1.

Limitations
Both studies have several limitations. The cross-sectional design
does not allow causal statements. The representativeness is
limited due to the implementation at a single institution. In
study 1, there were differences in terms of response rates.
Students are used to complete an extensive evaluation at the
end of each semester. Also, at the end of the semester all exams
are completed for both modules of the semester. This might be
the reason why students were not as committed to evaluate the
module 6 weeks into the semester as usual. Consequently, the
response rates were different. In addition, despite many
statistically significant associations, effect sizes were small,
which may be due to the big sample size that increases the
likelihood for the p value to become statistically significant.

Nevertheless, we assume that those limitations could be
compensated partially. A particular strength of both studies is
the high response rate and the consideration of quantitative and
qualitative data (Frambach et al., 2013). The approach of
conventional content analysis can be used when existing
theories or literature are limited. The information comes
directly from the participants without predefined categories
(Hsieh and Shannon, 2005; Patton, 2014). Quantifying the
qualitative data can also facilitate the process of assigning
meaning through pattern recognition by identifying
consistencies and inconsistencies in the data, especially when
analyzing large data sets (Neale et al., 2014; Monrouxe and Rees,
2020). Another limitation is the lack of results onmental health of
students that could amplify the reasoning of the present study.

CONCLUSION

Altogether, our results indicate that the attitude towards the novel
learning environment in medical education is comprised of negative
as well as positive aspects. Despite several advantages in terms of the

flexibility and large-scale availability of digital teaching materials,
medical students were seriously affected by the lack of interactions
with peers, professionals, and patients in practice. This corroborates
the results of previous studies that were conducted during the SARS
pandemic (Hawryluck et al., 2004; Reynolds et al., 2008).
Participation in activities via telephone or video meeting could
not compensate for the negative emotional states (Jeong et al.,
2016). Since the undergraduate medical education is very
structured (Chenot, 2009) this effect might account in parts for
the negative perception of the students. At the same time, the
structured curriculum enables the Faculty to more easily make
digital learning materials accessible. Furthermore, social support
in terms of peers and faculty as well as physical space for gathering is
considered one important domain of system-level factors that
influence learner well-being (Dyrbye et al., 2020).

In particular, the differences regarding gender, age group, and
semester might demand the introduction of tailored educational
support services for students during COVID-19 as they progress
through medical school. This has to be acknowledged by
Universities, since there is not a single strategy that will match
all students’ needs. In addition, longitudinal studies are needed as
the pandemic continues to monitor the perceived impact of the
novel learning environment.
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