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Abstract

The COVID-19 (coronavirus disease 2019) pandemic in 2020 has had a lasting impact
on all areas of personal life. However, the political, economic, legal and healthcare
system, as well as the education system have also experienced the effects.
Universities had to face new challenges and requirements in teaching and
examinations as quickly as possible in order to be able to guarantee high-quality
education for their students.
This study aims to examine how the German-speaking medical faculties of the
Umbrella Consortium of Assessment Network (UCAN) have dealt with the challenges
but also the opportunities that the outbreak of the COVID-19 pandemic created in
medical education and whether digitalisation has been driven forward as a result. In
an initial online-survey we focused our questions on the current teaching situation
with regard to digitised teaching content, the support or establishment of adequate
framework conditions by the medical faculties and IT facilities and also the execution
of examinations during the summer semester 2020.
Between August and September 2020, a total of 88 examiners, educators, dean of
study and/or technical admins from 32 partner faculties took part in the survey.
Students were not included in our survey. Most respondents stated that a switch to
a digital semester had worked, the use of e-learning increased compared to previous
semesters and that most courses could be converted, with the exception of practical
courses, which were largely cancelled. The respondents also indicated that most
examinations could still be taken, with the exception of practical examination
formats, like Objective Structured Clinical Examinations (OSCEs). However, in the case
of face-to-face examinations, strict distance and hygiene conditions had to be
obeyed or there had to be a switch to distance-online examinations, which raised
many open issues such as equal opportunities of students (technical equipment,
internet access, premises) and attempts at deception (third-party help with the exam,
mutual exchange between students, web search).
In conclusion, we identified several issues regarding the rapid transition to a digital
semester due to COVID-19 which were categorised into the following topics: Face-
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to-face teaching could not take place, (2) know-how of educators, (3) integrity
aspects, (4) technical aspects, (5) additional personnel required, (6) additional time
and effort required for implementation of digital teaching. Our study shows that a
switch to digital teaching and distance online examinations is feasible, but many
problems were encountered concerning academic integrity and basic ethical
principles still need to be solved. In order to investigate whether above mentioned
issued could be solved one year after the transition to a digital semester, we
conducted a second survey in which the 32 initially surveyed institutions were
questioned again.

Keywords: Medical education, E-assessment, E-learning, Digitalisation, COVID-19

Introduction
Electronic learning (e-learning) and examinations (e-examination) are becoming in-

creasingly popular in medical education (Amin et al. 2011; Choules 2007; Egarter et al.

2020; Kuhn et al. 2018) and an indirect survey showed that indeed two thirds of Ger-

man universities already offer digital forms of learning (Schmid et al. 2016). This has

also fundamentally changed the way teaching and learning is organised and altered the

roles and requirement profiles of students, lecturers and faculty members (Kinshuk

et al. 2016).

Medical schools were beginning to move from traditional forms of face-to-face

lecture-based teaching to other modes that involve online, distance or e-learning. This

slow transition to digital learning and teaching is due to the fact that numerous pro-

cesses have to be implemented across the board at different levels of the educational in-

stitutions: strategic processes on the part of the management, cross-disciplinary

processes at the competence centres of the educational institutions and professional

processes of the teachers (Kuhn et al. 2019). In this context, it is also necessary to cre-

ate a framework that suggests the legal requirements and does not violate ethical prin-

ciples. Equal opportunities and privacy of students must also be respected. A deliberate

transition to digital teaching is therefore necessary and was taking place in slow but

progressive steps. The Corona Pandemic accelerated this slow concept in March 2020

and solutions had to be found quickly to offer digital teaching for medical students with

various distance e-learning possibilities.

There are two different variants of e-learning. Firstly, the synchronous form, in which

students and teachers are present at the same time, which ensures direct communica-

tion and interaction. And secondly, the asynchronous type, in which students can use

previously deposited teaching materials or recorded lectures at any time (Lawn et al.

2017; Liu et al. 2016). The teaching materials are usually stored on learning manage-

ment platforms, such as such as Moodle (Modular Object-Oriented Dynamic Learning

Environment; Moodle 2020) or ILIAS (Integriertes Lern-, Informations- und

Arbeitskooperations-System, German for “Integrated Learning, Information and Work

Cooperation System”; ILIAS 2020), so that they are freely available to students. Espe-

cially the asynchronous e-learning has the advantage that the students are independent

of time and place and thus have a certain flexibility to acquire the partly extensive

teaching contents of medicine at their own learning pace (Daubenfeld et al. 2020). In
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this context, a systematic review by George et al. (2014) suggests that online e-learning

is of equal value and possibly even better than traditional teaching methods.

Blended learning is characterised by the combination of traditional, synchronous

face-to-face learning and asynchronous or synchronous e-learning (Dziuban et al. 2018;

Kim et al. 2008). Thus, it represents a promising teaching alternative. In academia, this

learning format has had a steady growth. The inverted classroom method (also known

as “flipped classroom”, “flip teaching”, “flipped learning”, “inverted teaching”) is a

blended learning method in which a self-learning phase (individual phase) is placed be-

fore a face-to-face phase (Tolks et al. 2016). The attendance phase should then be used

to deepen and apply the knowledge acquired (Bergmann and Sams 2014). This method

takes into account the changed behaviour of the users and offers teachers more free-

dom in the presence phase to design their lessons.

The COVID-19 global pandemic has resulted in unprecedented public health mea-

sures (O’Byrne et al. 2020). This has impacted the political, economic, legal and health-

care system worldwide and subsequently the education sector with many universities

halting campus-based teaching and examinations, as the traditional teaching methods

are not compatible with corona-related hygiene and social distancing rules (Alsoufi

et al. 2020; Klasen et al. 2020; Mian and Khan 2020; Sandhu and Wolf 2020). For this

reason, we postulate the assumption that there will be a change in teaching style to-

wards digital teaching and aim to identify the impact of COVID-19 on the education in

terms of teaching methods, examination procedures and various factors affecting values

of academic integrity and ethics. Finally, we will discuss how the digital semester may

impact medical education in the future and address briefly which ethical principles and

integrity-related issues, such as equal opportunities, attempts at deception or maintain-

ing privacy, still hinder a sustainable achievement of digital education in the future.

Methods
Study design and questionnaire development for the first survey

As part of the present study, a catalogue of questions was drawn up for a survey

of German-speaking medical faculties of the Umbrella Consortium for Assessment

Networks (UCAN). The purpose of this survey was to find out how the individual

medical faculties have dealt with the challenges but also the opportunities that the

outbreak of the corona pandemic created in medical education and whether digital-

isation has been driven forward as a result. In a first step, a focus group (n = 4)

was formed to facilitate well structured, clear and cohesive questions. The ques-

tions focused on the current teaching situation with regard to digitised teaching

content, the support or establishment of adequate framework conditions by the

medical faculties and IT facilities and also the execution of examinations during

the summer semester 2020 (SS 2020), which lasted from 20th April 2020 until 1st

November 2020.

The final version of the survey was organised into four sections and comprised 34

questions, including general information of the participants (six questions), questions

regarding teaching within SS 2020 (seven questions), questions related to assessments

in SS 2020 (15 questions), and finally overall impressions of the impact of the corona

virus on medical education (six questions). Question types involved single choice (14
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questions), multiple choice (“please select all that apply”; four questions), and free text

answers (16 questions). Some questions were only asked after choosing distinct prede-

fined answers. In addition, at the end of each section there was the possibility to make

additive comments in free text form.

Implementation of the first survey

All German-speaking UCAN partners (examiners, educators, dean of study and tech-

nical admins across 32 German, Austrian and Swiss medical and veterinary faculties)

were contacted with an invitation to participate. The link to the questionnaire was sent

out by e-mail on 14.08.2020. The end of participation was limited to 30.09.2020. A

LimeSurvey was used to perform the online survey. The survey was conducted an-

onymously in German language exclusively (see Supplementary File 1 for the original

survey). Supporting data and answers are available upon request from the correspond-

ing author.

Conducting the follow-up survey

To determine the extent to which the issues regarding the introduction of a digital se-

mester identified by our first survey have been resolved one year later, a second shorter

follow-up survey was conducted. First, a focus group (n = 3) was formed again to allow

for well-structured, clear and coherent questions. The follow-up questions focused on

the extent to which solutions to the problems that arose during the transition to a

digital semester could be solved and the extent to which a continuation of digitalisation

in education is envisaged after the corona pandemic has been contained. This time,

demographic data was not retrieved. The survey was also divided into four sections and

contained 18 questions, 11 of which were only visible to the participants with a certain

pre-crossed answer. The three sections included (1) technical aspects regarding teach-

ing and examinations (three questions), (2) digitalisation of teaching and examination

(five questions) and (3) examinations (ten questions; eight only appear in case of per-

forming distance-online-examinations). Only single choice (n = 7) and free text (n = 11)

questions were used. The link to the LimeSurvey was sent to the same UCAN-partner

institutions by e-mail on 02.06.2021. All volunteers had the opportunity to participate

until 16.06.2021. The survey was conducted anonymously in German language exclu-

sively (see Supplementary File 2 for the original survey). Supporting data and answers

are available upon request from the corresponding author.

Evaluation of questionnaire and data analysis

For the first survey free text comments were categorised by the best fitting topic and

ranked according to frequency. The answers to the question “What barriers were en-

countered at your institution in the summer semester 2020” were divided into the fol-

lowing six categories: (1) Face-to-face teaching could not take place, (2) know-how of

educators, (3) integrity aspects, (4) technical aspects, (5) additional personnel required,

(6) additional time and effort required for implementation of digital teaching. The an-

swers to the question “Please describe to what extent your teaching was affected by the

corona pandemic in the summer semester of 2020” were clustered in four categories: (1)
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Switch to digital teaching formats / cancellation of face-to-face teaching, (2) impact of

the examination format, (3) integrity-related impacts and (4) other changes.

The purpose of the follow-up survey was to determine to what an extend previously

identified issues could be solved. For this reason, the survey participants were asked

whether their institutions had encountered the respective issue. An analysis of these re-

peated questions from the first survey was not undertaken. Data analysis, tables and fig-

ures were created using a combination of Excel, Word and PowerPoint (Microsoft

Office 2019, Redmond, WA, USA).

Results
Overall characteristics of respondents of the first survey

Of 88 persons from 32 different UCAN partner institutions contacted, 47 participants

from 14 different locations completed the questionnaire, yielding a response rate of

53%. Among these participants, 74.47% (n = 35) belonged to the study programme of

medicine, 17.02% (n = 8) to the study programme of veterinary medicine, 2.13% (n = 1)

to the study programme of dentistry and 6.38% (n = 3) did not provide any information

on their respective study programme. Of the respondents, 46.81% (n = 22) were lec-

turers or teaching coordinators, 19.15% (n = 9) were examiners or exam coordinators,

12.77% (n = 6) were both and 21.28% (n = 10) were administrators.

Impact of the corona pandemic on teaching in the health care sector

Most respondents reported that there was still teaching provision at their institutions

during the coronavirus pandemic. When questioned whether any teaching took place

and which teaching formats were used in the SS 2020 compared with previous semes-

ters, only four participants stated that no teaching courses took place. Almost 83% (n =

39) of the respondents reported an increase in the use of e-learning offers compared to

previous semesters. In comparison, only 4% (n = 2) of the respondents stated that they

had not increased their e-learning capacities. When asked whether blended learning or

inverted classroom was used more often in the SS 2020, only one third of the respon-

dents stated that either or both of the e-learning methods were more frequently used

(Fig. 1A). Generally spoken most institutions managed to teach their planned lectures

and seminars, practical courses, however, had to be suspended. Not surprisingly, face-

to-face lectures, face-to-face seminars and face-to-face courses were converted into

digital teaching formats. For lectures, asynchronous methods were used to a greater ex-

tent. While lectures and seminars could be digitised very well, only 44.7% of practical

courses and 14.9% of skills-lab training could be conducted digitally (Fig. 1B).

Figure 1C shows the specific platforms, which were used by the participants for e-

learning activities. No COVID-19-induced differences in the usage of e-learning plat-

forms was identified. Only two participants stated that they had introduced a platform

for the first time. The most frequently used e-learning platforms are Moodle, ILIAS

and in-house platforms both before and during SS 2020.

Based on the increased use of digital teaching content, videoconferencing systems

were also increasingly used. Almost 50% (n = 23) of the respondents did not specify on

the usage of videoconferencing systems before SS 2020, 23% (n = 11) reported not hav-

ing used a videoconferencing system and 27% (n = 13) were already using
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videoconferencing systems before the corona pandemic outbreak (Fig. 1D). In SS 2020

this scenario changed. Only 12.8% (n = 6) of the respondents did not specify and 34%

(n = 16) use even more than one videoconferencing system with up to four different

systems being used at the same location. The most widely-used systems for online

teaching were Zoom, in-house platforms or Microsoft Teams (Fig. 1D).

Execution of examinations in medical education during the corona pandemic

Regarding the execution of examinations, 46/47 respondents indicated that examina-

tions in general were still ongoing. However, only 61.7% (n = 29) of respondents had all

examinations conducted, 29.8% (n = 14) explicitly stated they could not perform all ex-

aminations and 6.4% (n = 3) had to convert examinations into another format in order

to conduct them. With regard to the evaluation of student performance, almost 50%

(n = 23) declared that examinations that were not passed in the SS 2020 were not con-

sidered a failed attempt. In addition, one third of the respondents (n = 16) expressed

that COVID-19 assignments by students were recognised as academic achievement at

their respective institutions. Most respondents (except for one) stated that written ex-

aminations still could be conducted, and 20% (n = 11) declared a switch to online ex-

aminations instead of face-to-face exams (Fig. 2A). No remarkable difference regarding

the used delivery method (paper, tablet, desktop-PC) of the exam was reported. The

Fig. 1 Change of teaching methods, e-learning platform and videoconferencing tool due to the
digitalisation of medical education
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participants of the survey mainly used Moodle as platform for online exams, but also

Microsoft Teams (Microsoft Teams 2020), Microsoft Forms (Microsoft Forms 2020)

and the UCAN-ProgressTest (UCAN ProgressTest 2020) in combination with Zoom

for proctoring was utilised. For oral examinations, a larger shift away from face-to-face

examinations to either online exams (30%; n = 14) or no exam conduction (30%; n = 14)

(Fig. 2B) was observed. Participants named primarily Microsoft Teams or Zoom as tool

for conducting oral online examinations. The examination format with the most can-

celled examinations is the practical format of Objective Structured Clinical Examina-

tions (OSCEs). OSCEs are a widely established method for the assessment of clinical

competencies including practical and communicative skills. 36/47 of the respondents

used this format and 54% of those who specified their answer stated that they could

not assess students using OSCEs in SS 2020 (Fig. 2C). No virtual performance of

OSCEs was reported by the surveyed faculties and one respondent stated in the op-

tional free text box “OSCE examinations were assessed orally through practical

stations”.

Barriers, limitations and future impact of digital education

In response to the open-ended free text question “What barriers were encountered at

your institution in the summer semester 2020”, very diverse answers were given, which

were retrospectively divided into six categories (Table 1). 22 participants stated that

they had experienced technical problems at their institution. These problems included

the lack of technical equipment or the failure/technical weakness of hardware or soft-

ware. It was also noted that teachers often lack technical know-how or are not

instructed properly. On the other side, some respondents stated that expensive equip-

ment could no longer be used.

Nine of the respondents clearly stated that face-to-face teaching could no longer take

place and that there was an impact on examinations. Eight of the respondents stated

that the switch to a digital semester required additional personnel resources and seven

participants answered that additional time and effort was required. Ten respondents in-

dicated that obstacles arose due to a lack of know-how of educators. These barriers

were broken down into lack of knowledge and lack of willingness for digital teaching. A

further 11 respondents encountered obstacles that affected different aspects of aca-

demic integrity such as responsibility, dissatisfaction, ethical issues, legal formalities

Fig. 2 Execution of different types of examinations before and during Summer Semester 2020
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Table 1 Categorised answers to the question “What barriers were encountered at your institution in
the summer semester 2020?”. Answers were retrospectively divided into the following six main
categories: (1) Face-to-face teaching could not take place, (2) know-how of educators, (3) integrity-
related aspects, (4) technical aspects, (5) additional personnel required, (6) additional time and
effort required for implementation of digital teaching

Technical aspects

Missing technical
equipment

“insufficient technical equipment”, “technical implementation”, “Insufficient supply of
recording equipment”, “little or no equipment”, “lack of technical equipment, poor
technical infrastructure”

Failure of hardware or
software

“poorly functioning video conference software”, “Lack of server performance […]”,
technical shortcomings of the ILIAS platform”, “technical difficulties, also on the part
of the students”, “ILIAS platform was overloaded”, “Initially great difficulties with […]
video conferencing tool”, “partly bad/very bad internet connection of institutions/
offices/clinics”, “outdated technology”, “initially lack of software for digital teaching”,
“no internet connections in classrooms, no recording technology, no transmission
technology to larger lecture halls, […] poor intuitiveness of Moodle“

Technical know how Inadequate instruction in digital technology”, “technical competence of the teacher”,
“training of lecturers”, “Insufficient technical support”

Unused technical
equipment

“tablet-based testing is not possible, expensively purchased equipment ultimately
cannot be used for our subject in this semester, and is therefore superfluous”, “the
pilot phase for tEXAM was postponed to the winter semester 2020/21”

Face-to-face teaching

No lectures, seminars,
practical courses

“Face-to-face events not possible or under very strict and elaborate hygiene
conditions”, “Conversion of classroom teaching to digital teaching”, “practical courses
were not possible in some cases”, “impossibility to offer practical exercises online”,
“Furthermore, the practical implementation of internships, with the experience this
entails for their future careers, can never be replaced by digital internships”

No exams (e.g. OSCE) “large premises for e.g. face-to-face examinations are not available”, “large group
examinations […] were or are very difficult to organise due to the regulations
(distance rules), as suitable premises are lacking”, “all OSCE examinations were
cancelled”, “A major organisational problem was the implementation of the face-to-
face exams under the corona-related distance and hygiene regulations. Sufficiently
large premises had to be found”

Additional personnel required

“A lot of work distributed among few people in the institution”, “personnel (no
student assistant/secretary/team teaching”, “Not enough manpower”, “little or no
manpower available for the creation of own educational films”, “Examination in
small groups at 5 locations at the same time: requires many personnel resources”,
“Unexpected considerable extra work through conversion to digital teaching”, “[…]
and additional personnel were needed for supervision, disinfection and admission”,
“Additional personnel required”

Additional time and effort

“teaching specifications by the faculty that are too tight in terms of time”, “Very short
time window to convert the contents of the semester to completely digital”, “very
limited time to implement digitisation”, “lack of time to build more complex courses
in Moodle”, “No time to develop didactically more sophisticated concepts”, “little time
for implementation”, “additional time and effort”, “material preparation strongly
depends on individual willingness to invest additional hours (outside working
hours!)”

Know-how of educators

Missing knowledge “untrained personnel”, “knowledge”, “no know-how on online teaching”

Lack of willingness for
digital teaching

“Partial unwillingness of teachers to support digital teaching”, “[…] that digital
teaching has been implemented very poorly or not at all, and they continue to
“resist” the innovation”, “Reluctance to learn new things. Everyone wants to have
some kind of service. Preferably personal support at every event”, “The challenge of
adequately instructing all lecturers”, “in some cases little willingness to become
acquainted with digital topics, analogue ideas are to be implemented 1:1 digitally”,
“Reservations about digital teaching formats”, “Extremely good and fast support from
the university with regular training (technology and didactics) for lecturers and
students”

Integrity-related aspects
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and compliance and creation standard procedures for conducting digital teaching and

examinations, such as uniform software solutions.

In response to the free text question “Please describe to what extent your teaching

was affected by the corona pandemic in the summer semester of 2020”, 42 of the respon-

dents said that face-to-face teaching was cancelled at their institution and largely re-

placed by digital teaching. We further categorised these 42 answers into the following

six sections: Switch to digital teaching formats (n = 29), cancellation of face-to-face

teaching (n = 12), synchronous digital teaching methods used (n = 6), asynchronous

digital teaching methods used (n = 8), new teaching material generated (n = 7), face-to-

face teaching under hygiene regulations (n = 3). In addition, six participants indicated

that there was an influence on the examination format. For some, face-to-face examina-

tions were conducted online, while others split large cohorts of examinees into smaller

cohorts spread over several examination rooms. Furthermore, seven respondents en-

countered integrity related barriers. These related to data protection conformity of

digital teaching, legal requirements, but also to the lack of direct personal contact with

students and, as a result, a lack of trust. One respondent specified that “Question for-

ums [were] established and processed” to keep in contact with the students.

When asked about the future of digital conversion of teaching and examinations,

97.9% of participants (n = 45) consider the digitalisation of teaching and examinations

to be important for the future. Furthermore, 76.6% (n = 36) think that the e-learning

can partially replace “face-to face” education, while 19.1% (n = 9) stated no complete re-

placement will be possible. This opinion is even more pronounced for online examina-

tions and 31.9% think that face-to-face exams cannot be substituted through distance

online examinations. However, 53.2% of respondents said that partial replacement is

possible. Overall, 93.6% (n = 44) of the respondents believe that the experience gained

during the pandemic with regards to e-learning methods and online examinations will

be used for future teaching and assessments respectively.

Fitting together with the future use of digital teaching and examinations, the follow-

ing voluntary comments were made within the survey:

“The pandemic has given a massive boost to the digitalisation of teaching - even if un-

prepared. Nevertheless, a sense of proportion is required for meaningfulness and didac-

tics; “digital“ cannot be implemented equally in all subjects, but can bring new degrees

of freedom into teaching”; “Online examinations where the examinee is not present? I

Table 1 Categorised answers to the question “What barriers were encountered at your institution in
the summer semester 2020?”. Answers were retrospectively divided into the following six main
categories: (1) Face-to-face teaching could not take place, (2) know-how of educators, (3) integrity-
related aspects, (4) technical aspects, (5) additional personnel required, (6) additional time and
effort required for implementation of digital teaching (Continued)

“few feel responsible”, “students’ complaints, lack of personal support”, “To find
suitable alternatives for high-quality online teaching that was optimal for both
teachers and students”, “high demands of students on digital teaching and its
prompt implementation”, “Difficulties in obtaining royalty-free image, sound and
video material”, “[…] solving the weekly quizzes to confirm participation”, “lack of
uniformity (each subject had different platforms or different digital teaching
methods)”, “support with regard to data protection; setting up a university video ser-
ver with videoconferencing software for all video conferences, etc”, “Additional for-
malities for each procedure”, “On-site and face-to-face teaching and examinations
continue to be very important, as this is the only way to get the best feedback on
how students have problems, what they could understand well and what they could
not”
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see major legal difficulties here and do not believe that they will become established in

the foreseeable future for important summative examinations”; “Lectures in face-to-face

form are the least missed. A serious shortcoming was the absence of the preparation

course and the resulting missing exchange “; “We continue to regard the digital media

only as a (reasonable!) crutch until the return to the face-to-face teaching. Certain

teaching contents (practical training!) are not possible digitally”.

Digital breakthrough after two digital semesters?

For our second survey, we contacted 85 educators, dean of studies and/or technical

admins from 32 partner faculties of whom 19 completed the survey. During our first

survey, it became clear that there were obstacles with regard to both teaching and ex-

aminations because adequate technical equipment was not available. Of the participants

surveyed, nine stated that that they lacked appropriate equipment, seven had the neces-

sary technical equipment and three made no statement. In response to the question

“What is the situation regarding technical equipment in the meantime? Have any sus-

tainable solutions been created?” it was stated that “Various new acquisitions, but no

comprehensive solution” had been purchased and that “the equipment has been standar-

dised and increased in many places. Larger investments, e.g., to make lecture halls

streaming-capable, could only be implemented in isolated cases due to the costs”. The

question of whether uniform, interdisciplinary structures could be created was an-

swered “no” by only two participants. Seven said that there is a higher degree of stand-

ardisation and fewer individual solutions. Ten participants abstained. When asked if

new staff resources could be created, nine respondents answered “no”, five respondents

indicated that temporary positions were created and five did not specify. In our first

survey, several participants stated that lecturers were not inclined to switch to digital

teaching, lecturers did not have sufficient training in digital teaching, good didactic

concepts were neglected in order to push ahead with digitisation quickly (the technic-

ally simplest solution was sought). Five respondents stated that training was offered at

their faculties and that, overall, digital competence and the willingness of lecturers to

teach digitally had improved. Regarding distance online examinations, we wanted to

know whether the examination regulations have been adapted to allow this form of

examination. While six participants stated that this was the case for them, 11 partici-

pants answered this question in the negative. Eight participants stated that at their uni-

versity distance-online-exams are performed. Of the respondents whose faculties used

distance-online exams, three indicated that a proctoring solution was used to monitor

students. Only one respondent stated that there was evidence of cheating in the online

exams. In this case, the students had communicated with each other. Two participants

reported that there were rule violations, but that these did not lead to cheating. Regard-

ing the average grades of distance online exams and face-to-face exams, no significant

difference could be found overall (similar average grade, n = 3; slightly easier, n = 2 and

minimally more difficult, n = 1). Three surveyed participants stated that the question

formats were adapted for use in online examinations and/or the time of the examin-

ation was more limited, so that a quick “googling” of the answers or consultation with

fellow students was made more difficult. Only half of the distance online examiners

would like to continue using this examination format after the corona-related hygiene
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conditions have been abolished; the other half would like to switch back to face-to-face

examinations at the universities.

Discussion
Opportunities and pitfalls within student-directed e-learning

Our survey shows that the COVID-19 induced short-term conversion to a purely

digital education was associated with great difficulties in many places which is in

line with other studies on this global issue (Al-Balas et al. 2020; Alkhowailed et al.

2020; Chatziralli et al. 2020; Mian and Khan 2020; O’Byrne et al. 2020; Tabatabai

2020). It would actually have been expected that in a world that has been digita-

lised in many areas, a rapid conversion to a virtual teaching environment should

be relatively easy to master. Nevertheless, several unforeseen issues had to be over-

come during the digital SS 2020. The evaluation of the free text comments in our

survey revealed that through the use of asynchronous teaching methods, the direct

contact between students and educators was missing and as a result the otherwise

often familiar relationship between students and teachers, which builds up over

time, could not develop properly. Non-verbal aspects of communication cannot be

perceived and responded to as well or at all in a digital setting as in a direct face-

to-face relationship (Bambaeeroo and Shokrpour 2017). Not only the teachers but

also the students had to adapt to this new teaching method. The teaching content

is now no longer taught centrally and synchronously, which can be an advantage

since the students are now flexible regarding their own learning pace, but it also

means that it is the responsibility of the students themselves to organise their indi-

vidual learning units. The motivation for self-study is an aspect that should not be

underestimated and is often characterised by the students’ postponement behaviour

(Tillmann et al. 2016).

Although asynchronous teaching enables students to work independently at

their own pace (independent of time and place), regular, personal contact be-

tween students and educators, as well as individual feedback, must still be guar-

anteed. In addition to content and method, students value reliable structure,

organisation and support in the virtual environment. However, students need cer-

tain self-regulation strategies so that online courses are not accompanied by bore-

dom and less enjoyment compared to face-to-face units (Stephan et al. 2019).

Self-regulation can be promoted, for example, through portfolio work (Gläser-

Zikuda et al. 2018). Asynchronous, digital blended learning/inverted classroom

concepts can strengthen clinical teaching (Engel et al. 2019; Northey et al. 2015).

Students work together on case studies and projects and apply their knowledge

from the synchronous lecture in more complex contexts. The students’ motiv-

ation can be increased through the self-determined selection of topics. In inter-

active small groups, the solutions worked out can be presented and mutual

feedback exchanged. The focus shifts from passive content transfer to interactive

handling of content. Additionally, some faculties have introduced weekly quizzes

to increase student motivation and also to check their “presence” on the relevant

learning platforms. Virtual lectures can be designed to be more exciting through

integration of small quizzes or surveys.
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Challenges of distance online examinations

The corona pandemic and the associated distance and hygiene regulations affected not

only face-to-face teaching in medical education, but also the examinations required for

assessing students’ performance. At many universities these could no longer be con-

ducted in large cohorts. Since no generally applicable rules were established, very differ-

ent individual solutions were found in the various faculties across Germany. While

most surveyed institutions adhered to presence-based written examinations and divided

large cohorts into small groups in several examination rooms or used large premises,

such as canteens, for the examination of large cohorts, almost 20% (n = 11) of the re-

spondents in this study switched to distance online examinations. Due to the uncer-

tainty in dealing with the hygiene and distance regulations, the examination format was

changed in many places. Some have moved away from electronic written examinations

(tablet-based, desktop-based) back to paper. The reasons for this were relocation to

non-computer-based premises or the risk of virus transmission during final cleaning of

equipment after use. Others indicated that there had been a switch from paper-based

examinations to electronic examinations. This change of medium could have been ac-

companied by a switch to distance online examinations. The implementation of dis-

tance online examinations is a challenging task and also requires faculties and

universities to impose and develop a range of procedures, policies and activities to over-

come unequal opportunities Both digital teaching and digital examinations can lead to

the exclusion of students due to non-existent access to equal opportunities for digital

or blended learning formats. It is difficult to ensure equal opportunities for all students,

because the quality of technical equipment of the students is very diverse and thus ad-

vantages due to newer or better hardware or disadvantages due to poorer internet con-

nection emerge. In order to overcome unequal opportunities, universities could provide

technical equipment or the possibility to conduct online examinations on university

premises, if necessary (Fuller et al. 2020). Inadequate technical equipment must also be

taken into account in the legal certainty of examinations. What happens if a student

with poor performance intentionally leaves the online examination and blames it on a

lack of internet connection? Attempts at fraud are of similar importance. How can it be

ensured that the correct student takes the examination and does not attempt to cheat?

Certainly there is a wide range of technical software tools that are designed to prevent

attempts at deception by means of so-called proctoring (Camara 2020; Guangul et al.

2020). Often it is handled in such a way that the students need two devices with cam-

eras to transmit a picture of themselves at the workplace as well as of their surround-

ings. Of course, this immediately entails the legal risk that the students’ privacy is not

respected. Furthermore, the use of such programmes can disturb the trust and relation-

ship between teachers and students as it is already assumed in advance that fraud could

take place (Mellar et al. 2018.).

On the other hand, however, such examinations must also stand up to legal certainty

and also be represented in the examination regulations of the respective federal states.

The changing nature of teaching and examinations due to the coronavirus pandemic

requires a revision of academic standards and formalities adapted to this extraordinary

situation, including the examination regulations of the respective federal states and in-

stitutions (Sandberger 2020). In Germany, there are regulations in this respect both at

federal state level and at the level of the corresponding higher education institutions,
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but general, concrete rules for online examinations still need to be defined. Bavaria was

one of the first of the federal states to amend the Bavarian Higher Education Act (For

detailed information see section 63 of Bayerisches Hochschulgesetz, 2006) on 24th July

2020 including distance online examinations and was even valid retrospectively for the

whole SS 2020. Also, the Higher Education Act of North Rhine-Westphalia (For de-

tailed information see Higher Education Act of North Rhine-Westphalia 2020, p. 207-

302) was revised and distance online examinations are now possible. The above-

mentioned challenges, which occur in written distance online examinations, are easier

to handle in oral online examinations. This could explain why a higher rate of online

examinations was achieved in this examination format. In contrast to written examina-

tions, these are held individually between students and examiners via video conferen-

cing tool, so that an identity check can be easily carried out. Equal opportunities

aspects also play a rather subordinate role, as the exchange of information is verbal.

Digital teaching and testing of practical skills

Many of the competences required for the later practice of medicine, dentistry or veter-

inary medicine can be transferred well into a digital setting. The importance of these

skills for decision-making within patient care is well summarised in the following state-

ment by Guerrero-Dib et al. (2020):

“Promoting and experiencing academic integrity within the university context has

a twofold purpose: to achieve the necessary learnings and skills to appropriately

perform a specific profession and to develop an ethical perspective which leads to

correct decision making.”

However, the digital conversion of practical skills poses a challenge for clinical prac-

tical skills and particularly at the beginning of the COVID-19 pandemic practical

courses were discontinued (Fig. 2C) leading to an associated loss of essential skills for

the later working life of physicians, dentists or veterinarians. Digitalisation of physical

examinations on patients is simply not possible. These still have to take place in person,

but can be carried out with the best infection prevention measures in place (Boursicot

et al. 2020). However, there are also some practical clinical skills for which a well-

thought-out digitalisation strategy can partly replace classroom teaching. One example

is the skills that are acquired through bedside teaching. During bedside teaching, stu-

dents can practice medical activities in direct contact with patients, such as taking a

medical history, performing a physical examination or introducing a patient (Aldeen

and Gisondi 2006; Kroenke et al. 1997). The contact with the patient can take place via

a video conference, so that students have the opportunity to follow the examination at

the patient’s bedside and, if possible, to get involved (Hofmann et al. 2020). Complete

digitalisation of bedside teaching is a good substitute, but it can only replace direct con-

tact with the patient to a limited extent (Pudritz 2021). The learning of interprofes-

sional and communicative competences is an important and essential part of medical

education (Bagnasco et al. 2014; Buring et al. 2009; Hean et al. 2012). Concepts involv-

ing simulations, telemedicine or virtual patients, have proven suitable for learning and

testing these skills digitally (Abdelaziz et al. 2021).
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According to our study, a digitalisation of practical assessments (OSCEs) was not

feasible at surveyed faculties. Interestingly, the University of Heidelberg conducted the

first virtual OSCE including simulated actors in SS 2020 as part of the Master of Med-

ical Education (MME) course of studies. The virtual OSCE was administered via video-

conferencing tool and designed (Cantone et al. 2019) to specifically assess medical

interviewing and interprofessional competencies (Pante et al. 2020). Also other univer-

sities and institution changed to a digital OSCE format (Cantone et al. 2019; Craig

et al. 2020; Hopwood et al. 2020; Lara et al. 2020; Lawrence et al. 2020). Within these

virtual OSCEs, competencies such as history taking, knowledge of physical examination

manoeuvres, problem solving, decision making and counselling could be assessed.

Nevertheless, in all the proposed variants of a virtual OSCE, no physical examinations

could be carried out on patients and thus these skills of the students cannot be assessed

digitally and require face-to-face assessments.

Recommendations for the conversion to a digital semester

No individual solutions - digital transition is a collaborative task

At the beginning of the COVID-19 pandemic, all educators faced the same challenge:

The entire analogue teaching had to be converted to digital formats in the shortest pos-

sible time without a preparation phase. For many educators working exclusively in

face-to-face teaching, however, this digital conversion was entirely new territory and

digital competences had to be acquired to a great extent first. From our point of view,

one of the most fundamental tips is to manage the digitalisation as a community to-

gether intra- as well as inter-institutionally. Avoiding individual solutions may sound

banal at first, but it can make a huge difference, especially when a change is necessary

at short notice. The digital transformation is a collaborative task and requires lasting

cooperation and a constant exchange of knowledge. In this way, experience can be ex-

changed and future developments can be jointly considered. Digital teaching should

not be understood as a temporary task, but as a permanent goal. Accordingly, central

structures must be established on institutional level and be sustainably financed. As a

first instance educators should contact the respective support facilities at their univer-

sities or faculties. Most institutions have central support structures established that can

be contacted for technical and didactical questions. Additionally, contact and exchange

with educators who are experienced in e-learning has also proven successful. For this

purpose, digital possibilities such as forums, platforms, etc. have been created at various

universities so that educators can inform themselves, exchange information and net-

work. Students were also integrated into the process and supported educators in the

transition to online teaching (Abler et al. 2020). de Jong et al. (2020) published 12 tips

on how to integrate digital teaching units into one’s own teaching.

New didactical concepts over technically simplest solution

The unexpected introduction of online teaching in March 2020 was very spontaneous

for educators, without a phase of preparation and careful selection of didactically suit-

able methods and techniques. For teaching content to be communicated as quickly as

possible, many educators relied on the technically simplest solution, while didactic con-

cepts were neglected, often unwittingly. Initially, video conferencing and online
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seminars were primarily used, while didactic diversity was lacking. However, the learn-

ing content and learning objectives should still be in the centre of attention and the

focus should not be on the technology but on the content-related competences.

Reflecting on the motivations for previously used face-to-face teaching methods to im-

part skills, competences and knowledge could provide conclusions on which virtual

teaching units need to be revised in order to bring didactics to the fore by means of

good blended learning alternatives. Akin to teaching also the why, who, when and what

of assessments need to be rethought (Fuller et al. 2020). In our opinion, it is difficult to

transfer several hours of face-to-face teaching one-to-one into an online format. In this

case, it is advisable to divide the teaching unit into several shorter units in order to

avoid rapid fatigue or reduced attention of the students. For further reading on didactic

teaching methods, we recommend the literature review by Challa et al. on modern

techniques on teaching and learning in medical education (Challa et al. 2021).

Recommendations for conducting digital assessments

Prior to the corona pandemic, examinations at German universities were only partially

conducted electronically. At the beginning of the pandemic, many individual solutions

for online exams were created which was also an outcome of our survey. In the support

facilities of many institutions, the main focus was on questions of legal security (38%)

and functioning technology (30%), but also on related topics such as acceptance and

fairness of digital forms of examination (Dreyer 2020). Software-based monitoring of

students within online examinations by means of proctoring is considered rather crit-

ical and problematic. In our follow-up survey, it became clear that cheating attempts by

students in online exams could hardly be detected. Guerrero-Dib et al. (2020) state in

their work that academic integrity is much more than avoiding dishonest practices and

is essential in any teaching-learning process focussed on achieving the highest stan-

dards of excellence and learning. According to a survey by Reedy and colleagues, both

students and staff believe that deterrents to cheating behaviour are proctoring, student

beliefs, question design, exam duration and marking practices (Reedy et al. 2021).

Given these statements the focus should be less on the assumption that cheating could

take place and the use of a monitoring system in online exams and more on the trust

in students that they do not intend to cheat. Vučković et al. (2020) showed in their

study that most students are capable in identifying ethical misconduct which also in-

cludes cheating in examinations. But they also state that not all ethical issues are clear

to students and universities should organise trainings to increase the awareness of eth-

ical misconduct. So, a first step in minimising fraud attempts is good ethical education

of the students. Secondly, the exam format and question types should be adapted spe-

cifically for online examinations. Probably the simplest way to prevent students from

copying each other’s answers is to randomise the exam questions. On the one hand,

the order of the questions could be randomised and on the other hand, different exam-

ination questions could be used. However, these would have to cover an analogous sub-

ject area and be comparable in terms of difficulty in order to ensure a homogeneous

and fair examination for all students. For this reason, the future should focus more on

new examination formats that make the use of proctoring software obsolete. One ex-

ample is the Open Book approach (Sarkar et al. 2021; Zagury-Orly and Durning 2020).
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In the OpenBook examination approach, cognitively and thematically demanding

examination tasks are made available to the students on a fixed date. Afterwards, a cer-

tain amount of time is set aside for processing. The use of analogue and digital aids is

explicitly permitted. Such approaches are well suited, for example, to test transfer skills.

In this case, however, the questions must be chosen accordingly and be directed less to-

wards knowledge-based and more towards application-oriented task types, such as

multiple-choice questions with case vignettes or media content. Pettit et al. (2021) did

a worth reading literature review on virtual exams, which looked in depth at the chal-

lenges of online examination. They describe different possibilities to assess clinical skills

in virtual exam and offer question design strategies to mitigate cheating behaviour

(Cluskey Jr. et al. 2011; Pettit et al. 2021) One must bear in mind that the development

and formulation of new question types is usually resource intensive, which is why it is

unfortunately still a vision for the future at many universities.

Outlook and conclusions

This study examined the influence of the corona pandemic on digitalisation in medical

education in German-speaking countries. It can be said that, especially with regard to

digital teaching, immense progress has been made and new, innovative teaching

methods have found their way into a field in which e-learning has only been used spor-

adically despite advancing digitalisation (Handke 2015). However, the quick conversion

to distance learning also presented many hurdles and, for example, technical problems

had to be solved in many places (Table 1) (Veasuvalingam and Goodson 2020). Even

though the switch to a digital semester was successful after some start-up difficulties,

many educators and students are lacking more direct ways of communication usually

occurring in face-to-face teaching units and thus the otherwise existing trust between

educators and students. For this reason, a critical selection of the experience gained in

this digital semester should be made in order to ensure future development of teaching

with adequate digital teaching content. The future switch to partially digitally taught

teaching content was also formulated by some of the survey participants to have both

the benefits from distance teaching as well as face-to-face teaching. In conclusion, it

can be said that even after two digital semesters, a didactically meaningful transfer to

digital teaching methods has not yet been fully achieved and distance online examina-

tions cannot be implemented at many universities. Nevertheless, the COVID-19 pan-

demic took the digitalisation of medical education a decisive step forward.

Limitations of the study

There are some limitations to our study: We only questioned UCAN partners of

German-speaking countries, which is leading to the circumstance that only health pro-

fessions are regarded in our survey and the outcome could be different in other pro-

grammes of study. Due to the rather low number of responses, it was not possible to

categorise the answers by respondent characteristics, such as location, state or type of

UCAN partnership. Another limiting point is that we did not take into account the stu-

dents’ point of view in this survey. This could still be done in the future and we might

identify further aspects that are needed for the successful digitalisation of education in

the healthcare system.

Egarter et al. International Journal for Educational Integrity           (2021) 17:18 Page 16 of 19



Abbreviations
COVID-19: Coronavirus disease 2019; E-Assessment: Electronic Assessment; E-learning platform: Electronic learning
platform; IMS: ItemManagementSystem; MME: Master of Medical Education; OSCE: Objective Structured Clinical
Examinations; SS 2020: Summer Semester 2020; UCAN: Umbrella Consortium for Assessment Networks

Supplementary Information
The online version contains supplementary material available at https://doi.org/10.1007/s40979-021-00084-8 .

Additional file 1.

Additional file 2.

Acknowledgements
We thank Kerstin Lubik for critically reading and amending the questionnaire. We also thank all UCAN-partners who
filled out our questionnaire and contributed in this way to the publication.

Authors’ contributions
SE and KB devised the main conceptual ideas. SE and AM contributed to the design and implementation of the
research. SE processed the experimental data, performed the analysis and designed the Figures. SE and AM wrote the
manuscript. SE and KB supervised the findings of this work. All authors provided critical feedback, helped shaping the
research and analysis and approved the final manuscript.

Authors’ information
Saskia Egarter, PhD, is Research Associate at the Institute for Communication and Assessment Research, Heidelberg,
Germany.
Anna Mutschler, Degree in Educational Sciences, is Research Associate at the Institute for Communication and
Assessment Research, Heidelberg, Germany.
Konstantin Brass, Dipl.-Inform. Med., Managing Director of the Institute for Communication and Assessment Research,
Heidelberg, Germany.

Funding
None.

Availability of data and materials
The datasets used and/or analysed during the current study are available from the corresponding author on
reasonable request.

Declarations

Competing interests
The authors declare that they have no competing interests.

Received: 1 December 2020 Accepted: 5 July 2021

References
Abdelaziz A, Mansour T, Alkhadragy R, Abdel Nasser A, Hasnain M (2021) Challenges to Interprofessional education: will e-

learning be the magical stick? Adv Med Educ Pract 12:329–336 https://doi.org/10.2147/AMEP.S273033
Abler M, Bachmaier R, Hawelka B, Prock S, Schworm S, Merz A-K, Keil S (2020) It just magically happened overnight! - support

for the digitalization of medical teaching provided by an interdisciplinary e-tutor team. GMS J Med Educ 37:75 https://
doi.org/10.3205/zma001368

Al-Balas M, Al-Balas HI, Jaber HM, Obeidat K, Al-Balas H, Aborajooh EA, Al-Taher R, Al-Balas B (2020) Distance learning in
clinical medical education amid COVID-19 pandemic in Jordan: current situation, challenges, and perspectives. BMC
medical education 20:341 https://doi.org/10.1186/s12909-020-02257-4

Aldeen AZ, Gisondi MA (2006) Bedside teaching in the emergency department. Acad Emerg Med 13:860–866 https://doi.
org/10.1197/j.aem.2006.03.557

Alkhowailed MS, Rasheed Z, Shariq A, Elzainy A, El Sadik A, Alkhamiss A, Alsolai AM, Alduraibi SK, Alduraibi A, Alamro A,
Alhomaidan HT, Al Abdulmonem W (2020) Digitalization plan in medical education during COVID-19 lockdown. Inform
Med Unlocked 20:100432 https://doi.org/10.1016/j.imu.2020.100432

Alsoufi A, Alsuyihili A, Msherghi A, Elhadi A, Atiyah H, Ashini A, Ashwieb A, Ghula M, Ben Hasan H, Abudabuos S, Alameen H,
Abokhdhir T, Anaiba M, Nagib T, Shuwayyah A, Benothman R, Arrefae G, Alkhwayildi A, Alhadi A, Zaid A, Elhadi M (2020)
Impact of the COVID-19 pandemic on medical education: medical students' knowledge, attitudes, and practices
regarding electronic learning. PLoS One 15:e0242905 https://doi.org/10.1371/journal.pone.0242905

Amin Z, Boulet JR, Cook DA, Ellaway R, Fahal A, Kneebone R, Maley M, Ostergaard D, Ponnamperuma G, Wearn A, Ziv A
(2011) Technology-enabled assessment of health professions education: consensus statement and recommendations
from the Ottawa 2010 conference. Med Teach 33:364–369 https://doi.org/10.3109/0142159X.2011.565832

Bagnasco A, Pagnucci N, Tolotti A, Rosa F, Torre G, Sasso L (2014) The role of simulation in developing communication and
gestural skills in medical students. BMC medical education 14:106 https://doi.org/10.1186/1472-6920-14-106

Bambaeeroo F, Shokrpour N (2017) The impact of the teachers' non-verbal communication on success in teaching. J Adv
Med Educ Prof 5(2):51–59

Egarter et al. International Journal for Educational Integrity           (2021) 17:18 Page 17 of 19

https://doi.org/10.1007/s40979-021-00084-8
https://doi.org/10.2147/AMEP.S273033
https://doi.org/10.3205/zma001368
https://doi.org/10.3205/zma001368
https://doi.org/10.1186/s12909-020-02257-4
https://doi.org/10.1197/j.aem.2006.03.557
https://doi.org/10.1197/j.aem.2006.03.557
https://doi.org/10.1016/j.imu.2020.100432
https://doi.org/10.1371/journal.pone.0242905
https://doi.org/10.3109/0142159X.2011.565832
https://doi.org/10.1186/1472-6920-14-106


Bayerisches Hochschulgesetz (BayHSchG) 2006, Art. 63 Abs. 1. Available from https://www.gesetze-bayern.de/Content/
Document/BayHSchG

Bergmann J, Sams A (2014) Flipped learning: gateway to student engagement. International Society for Technology in
education, Eugene, Or

Boursicot K, Kemp S, Ong TH, Wijaya L, Goh SH, Freeman K, Curran I (2020) Conducting a high-stakes OSCE in a COVID-19
environment. MedEdPublish 9 https://doi.org/10.15694/mep.2020.000054.1

Buring SM, Bhushan A, Broeseker A, Conway S, Duncan-Hewitt W, Hansen L, Westberg S (2009) Interprofessional education:
definitions, student competencies, and guidelines for implementation. Am J Pharm Educ 73(4):59. https://doi.org/10.
5688/aj730459

Camara W (2020) Never let a crisis go to waste: large-scale assessment and the response to COVID-19. Educ Meas Issues
Pract 39(3):10–18. https://doi.org/10.1111/emip.12358

Cantone RE, Palmer R, Dodson LG, Biagioli FE (2019) Insomnia telemedicine OSCE (TeleOSCE): a simulated standardized
patient video-visit case for clerkship students. MedEdPORTAL 15:10867 https://doi.org/10.15766/mep_2374-8265.10867

Challa KT, Sayed A, Acharya Y (2021) Modern techniques of teaching and learning in medical education: a descriptive
literature review MedEdPublish 10. https://doi.org/10.15694/mep.2021.000018.1 .

Chatziralli I, Ventura CV, Touhami S, Reynolds R, Nassisi M, Weinberg T, Pakzad-Vaezi K, Anaya D, Mustapha M, Plant A, Yuan
M, Loewenstein A (2020) Transforming ophthalmic education into virtual learning during COVID-19 pandemic: a global
perspective. Eye (Lond) https://doi.org/10.1038/s41433-020-1080-0

Choules AP (2007) The use of elearning in medical education: a review of the current situation. Postgrad Med J 83(978):212–
216. https://doi.org/10.1136/pgmj.2006.054189

Cluskey GR Jr, Ehlen CR, Raiborn MH (2011) Thwarting online exam cheating without proctor supervision. Journal of
Academic and Business Ethics 4

Craig C, Kasana N, Modi A (2020) Virtual OSCE delivery: the way of the future? Med Educ 54:1185–1186 https://doi.org/1
0.1111/medu.14286

Daubenfeld T, Kromeier J, Heermann S, Hildenbrand T, Giesler M, Offergeld C (2020) Tradition vs. Moderne: Möglichkeiten
und Limitationen eines neuen Vorlesungskonzepts in der curricularen HNO-Lehre (traditional vs. modern: possibilities and
limitations of the new lecture concept in ENT teaching curricula). HNO 68:263–271 https://doi.org/10.1007/s00106-020-
00834-z

Dreyer M (2020) Umfrage zu den Angeboten für Digitale Lehre an Hochschulen im Juni 2020 durch den ZKI-Arbeitskreis
Strategie & Organisation und die AMH. Zenodo, 2, https://doi.org/10.5281/zenodo.3925120

Dziuban C, Graham CR, Moskal PD, Norberg A, Sicilia N (2018) Blended learning: the new normal and emerging technologies
Int J Educ Technol High Educ 15. https://doi.org/10.1186/s41239-017-0087-5

Egarter S, Mutschler A, Brass K (2020) Medical assessment in the age of digitalisation. BMC medical education 20:8 https://doi.
org/10.1186/s12909-020-02014-7

Engel B, Esser M, Bleckwenn M (2019) Piloting a blended-learning concept for integrating evidence-based medicine into the
general practice clerkship. GMS J med Educ 36:Doc71. https://doi.org/10.3205/zma001279

Fuller R, Joynes V, Cooper J, Boursicot K, Roberts T (2020) Could COVID-19 be our 'There is no alternative' (TINA) opportunity
to enhance assessment? Med Teach 42:781–786 https://doi.org/10.1080/0142159X.2020.1779206

George PP, Papachristou N, Belisario JM, Wang W, Wark PA, Cotic Z, Rasmussen K, Sluiter R, Riboli-Sasco E, Tudor Car L,
Musulanov EM, Molina JA, Heng BH, Zhang Y, Wheeler EL, Al Shorbaji N, Majeed A, Car J (2014) Online eLearning for
undergraduates in health professions: a systematic review of the impact on knowledge, skills, attitudes and satisfaction. J
Glob Health 4(1):10406. https://doi.org/10.7189/jogh.04.010406

Gläser-Zikuda M, Fendler J, Noack J, Ziegelbauer S (2018) Fostering self-regulated learning with portfolios in schools and
higher education. ORBIS SCHOLAE 5:67–78 https://doi.org/10.14712/23363177.2018.101

Guangul FM, Suhail AH, Khalit MI, Khidhir BA (2020) Challenges of remote assessment in higher education in the
context of COVID-19: a case study of Middle East College. Educ Assess Eval Account:1–17. https://doi.org/10.1007/
s11092-020-09340-w

Guerrero-Dib JG, Portales L, Heredia-Escorza Y (2020) Impact of academic integrity on workplace ethical behaviour. Int J Educ
Integr 16:1–18 https://doi.org/10.1007/s40979-020-0051-3

Higher Education Act of North Rhine-Westphalia (GV NRW) 2020, § 82a (Fn 43) Edition 14 of 17.4.2020. Available at https://
recht.nrw.de/lmi/owa/br_text_anzeigen?v_id=10000000000000000654

Handke J (2015) Handbuch Hochschullehre digital: Leitfaden für eine moderne und mediengerechte Lehre. Tectum
Sachbuch, Tectum, Marburg

Hean S, Craddock D, Hammick M (2012) Theoretical insights into interprofessional education: AMEE guide no. 62. Med Teach
34:e78–101. https://doi.org/10.3109/0142159X.2012.650740

Hofmann H, Harding C, Youm J, Wiechmann W (2020) Virtual bedside teaching rounds with patients with COVID-19. Med
Educ 54:959–960 https://doi.org/10.1111/medu.14223

Hopwood J, Myers G, Sturrock A (2020) Twelve tips for conducting a virtual OSCE. Med Teach:1–4. https://doi.org/10.1080/
0142159X.2020.1830961

de Jong PGM, Pickering JD, Hendriks RA, Swinnerton BJ, Goshtasbpour F, Reinders MEJ (2020) Twelve tips for integrating
massive open online course content into classroom teaching. Med Teach 42:393–397. https://doi.org/10.1080/0142159X.2
019.1571569

ILIAS (2020) ILIAS- The Open Source Learning Management System. https://www.ilias.de/. Accessed 26 Nov 2020
Kim K-J, Bonk CJ, Oh E (2008) The present and future state of blended learning in workplace learning settings in the United

States. Perform Improv 47:5–16 https://doi.org/10.1002/pfi.20018
Kinshuk CN-S, Cheng I-L, Chew SW (2016) Evolution is not enough: revolutionizing current learning environments to smart

learning environments. Int J Artif Intell Educ 26:561–581 https://doi.org/10.1007/s40593-016-0108-x
Klasen JM, Vithyapathy A, Zante B, Burm S (2020) "the storm has arrived": the impact of SARS-CoV-2 on medical students.

Perspect Med Educ 9:181–185 https://doi.org/10.1007/s40037-020-00592-2
Kroenke K, Omori DM, Landry FJ, Lucey CR (1997) Bedside teaching. South Med J 90:1069–1074 https://doi.org/10.1097/

00007611-199711000-00002

Egarter et al. International Journal for Educational Integrity           (2021) 17:18 Page 18 of 19

https://www.gesetze-bayern.de/Content/Document/BayHSchG
https://www.gesetze-bayern.de/Content/Document/BayHSchG
https://doi.org/10.15694/mep.2020.000054.1
https://doi.org/10.5688/aj730459
https://doi.org/10.5688/aj730459
https://doi.org/10.1111/emip.12358
https://doi.org/10.15766/mep_2374-8265.10867
https://doi.org/10.15694/mep.2021.000018.1
https://doi.org/10.1038/s41433-020-1080-0
https://doi.org/10.1136/pgmj.2006.054189
https://doi.org/10.1111/medu.14286
https://doi.org/10.1111/medu.14286
https://doi.org/10.1007/s00106-020-00834-z
https://doi.org/10.1007/s00106-020-00834-z
https://doi.org/10.5281/zenodo.3925120
https://doi.org/10.1186/s12909-020-02014-7
https://doi.org/10.1186/s12909-020-02014-7
https://doi.org/10.3205/zma001279
https://doi.org/10.1080/0142159X.2020.1779206
https://doi.org/10.7189/jogh.04.010406
https://doi.org/10.14712/23363177.2018.101
https://doi.org/10.1007/s11092-020-09340-w
https://doi.org/10.1007/s11092-020-09340-w
https://doi.org/10.1007/s40979-020-0051-3
https://recht.nrw.de/lmi/owa/br_text_anzeigen?v_id=10000000000000000654
https://recht.nrw.de/lmi/owa/br_text_anzeigen?v_id=10000000000000000654
https://doi.org/10.3109/0142159X.2012.650740
https://doi.org/10.1111/medu.14223
https://doi.org/10.1080/0142159X.2020.1830961
https://doi.org/10.1080/0142159X.2020.1830961
https://doi.org/10.1080/0142159X.2019.1571569
https://doi.org/10.1080/0142159X.2019.1571569
https://www.ilias.de/
https://doi.org/10.1002/pfi.20018
https://doi.org/10.1007/s40593-016-0108-x
https://doi.org/10.1007/s40037-020-00592-2
https://doi.org/10.1097/00007611-199711000-00002
https://doi.org/10.1097/00007611-199711000-00002


Kuhn S, Frankenhauser S, Tolks D (2018) Digitale Lehr- und Lernangebote in der medizinischen Ausbildung.
Bundesgesundheitsbl Gesundheitsforsch Gesundheitsschutz 61:201–209 https://doi.org/10.1007/s00103-017-2673-z

Kuhn S, Ammann D, Cichon I, Ehlers J, Guttormsen S, Hülsken-Giesler M, Wildbacher I (2019) Careum working paper 8 – long
version: «Wie revolutioniert die digitale Transformation die Bildung der Berufe im Gesundheitswesen?». Abgerufen von
https://www.careum.ch/workingpaper8-kurz

Lara S, Foster CW, Hawks M, Montgomery M (2020) Remote assessment of clinical skills during COVID-19: a virtual, high-
stakes, summative pediatric objective structured clinical examination. Acad Pediatr 20:760–761 https://doi.org/10.1016/j.a
cap.2020.05.029

Lawn S, Zhi X, Morello A (2017) An integrative review of e-learning in the delivery of self-management support training for
health professionals. BMC medical education 17:183 https://doi.org/10.1186/s12909-017-1022-0

Lawrence K, Hanley K, Adams J, Sartori DJ, Greene R, Zabar S (2020) Building telemedicine capacity for trainees during the
novel coronavirus outbreak: a case study and lessons learned. J Gen Intern Med 35:2675–2679 https://doi.org/10.1007/
s11606-020-05979-9

Liu Q, Peng W, Zhang F, Hu R, Li Y, Yan W (2016) The effectiveness of blended learning in health professions: systematic
review and meta-analysis. J Med Internet Res 18:e2 https://doi.org/10.2196/jmir.4807

Mellar H, Peytcheva-Forsyth R, Kocdar S, Karadeniz A, Yovkova B (2018) Addressing cheating in e-assessment using student
authentication and authorship checking systems: teachers’ perspectives Int J Educ Integr 14. https://doi.org/10.1007/s4
0979-018-0025-x .

Mian A, Khan S (2020) Medical education during pandemics: a UK perspective. BMC Med 18:100 https://doi.org/10.1186/s12
916-020-01577-y

Moodle (2020) Moodle- Open-source learning platform. https://moodle.org/. Accessed 26 Nov 2020
Northey G, Bucic T, Chylinski M, Govind R (2015) Increasing student engagement using asynchronous learning. J Mark Educ

37:171–180 https://doi.org/10.1177/0273475315589814
O'Byrne L, Gavin B, McNicholas F (2020) Medical students and COVID-19: the need for pandemic preparedness. J Med Ethics

46:623–626 https://doi.org/10.1136/medethics-2020-106353
Pante SV, Weiler M, Steinweg B, Herrmann-Werner A, Brünahl C, Gornostayeva M, Brass K, Mutschler A, Schaal-Ardicoglu A,

Wagener S, Möltner A, Jünger J (2020) Digitalization within the MME-study program – teaching and assessment of
communicative and interprofessional skills in the Heidelberg module via video conference together with a virtual OSCE-
course. GMS J Med Educ https://doi.org/10.3205/zma001381

Pettit M, Shukla S, Zhang J, Sunil Kumar KH, Khanduja V (2021) Virtual exams: has COVID-19 provided the impetus to change
assessment methods in medicine? Bone Jt Open 2:111–118 https://doi.org/10.1302/2633-1462.22.BJO-2020-0142.R1

Pudritz YM (2021) Virtual bedside teaching for pharmacy students during their final term at LMU Munich. GMS J med Educ
38:Doc26. https://doi.org/10.3205/zma001422

Reedy A, Pfitzner D, Rook L, Ellis L (2021) Responding to the COVID-19 emergency: student and academic staff perceptions of
academic integrity in the transition to online exams at three Australian universities. Int J Educ Integr 17. https://doi.org/1
0.1007/s40979-021-00075-9 .

Sandberger G (2020) Rechtsfragen des digitalen Unterrichts, digitaler Prüfungen und virtueller Gremiensitzungen an
Hochschulen. Ordnung der Wissenschaft - Freiburg : Zeitschrift für Ordnung der Wissenschaft e.V.,:S. 155-168. https://doi.
org/10.17176/20200623-110840-0

Sandhu P, de Wolf M (2020) The impact of COVID-19 on the undergraduate medical curriculum. Medical Education Online
25:1764740 https://doi.org/10.1080/10872981.2020.1764740

Sarkar S, Mishra P, Nayak A (2021) Online open-book examination of undergraduate medical students - a pilot study of a
novel assessment method used during the coronavirus disease 2019 pandemic. J Laryngol Otol 135:288–292 https://doi.
org/10.1017/S0022215121000141

Schmid U, Thom S, Görtz L (2016) Ein Leben lang digital lernen – neue Weiterbildungsmodelle aus Hochschulen.
Hochschulforum Digitalisierung, Berlin

Stephan M, Markus S, Gläser-Zikuda M (2019) Students' achievement emotions and online learning in teacher education.
Front Educ 4 https://doi.org/10.3389/feduc.2019.00109

Tabatabai S (2020) COVID-19 impact and virtual medical education. J Adv Med Educ Prof 8:140–143 https://doi.org/10.30476/
jamp.2020.86070.1213

Tillmann A, Niemeyer J, Krömker D (2016) Das schaue ich mir morgen an - Aufschiebeverhalten bei der Nutzung von
eLectures eine Analyse. In: Lucke U, Schwill A, Zender R (eds) DeLFI 2016 - Die 14. E-Learning Fachtagung Informatik.
Gesellschaft für Informatik e. V, Bonn, pp 47–57

Tolks D, Schäfer C, Raupach T, Kruse L, Sarikas A, Gerhardt-Szép S, Kllauer G, Lemos M, Fischer MR, Eichner B, Sostmann K,
Hege I (2016) An introduction to the inverted/flipped classroom model in education and advanced training in medicine
and in the healthcare professions. GMS J med Educ 33:Doc46. https://doi.org/10.3205/zma001045

Veasuvalingam B, Goodson ML (2020) Falling back on technology mindfully during COVID-19 pandemic: NUMed campus
experience. MedEdPublish 9. https://doi.org/10.15694/mep.2020.000102.1

Vučković D, Peković S, Blečić M, Đoković R (2020) Attitudes towards cheating behavior during assessing
students performance: student and teacher perspectives. Int J Educ Integr 16. https://doi.org/10.1007/s40979-020-
00065-3 .

Zagury-Orly I, Durning SJ (2020) Assessing open-book examination in medical education: The time is now. Med Teach:1–2.
https://doi.org/10.1080/0142159X.2020.1811214

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

Egarter et al. International Journal for Educational Integrity           (2021) 17:18 Page 19 of 19

https://doi.org/10.1007/s00103-017-2673-z
https://www.careum.ch/workingpaper8-kurz
https://doi.org/10.1016/j.acap.2020.05.029
https://doi.org/10.1016/j.acap.2020.05.029
https://doi.org/10.1186/s12909-017-1022-0
https://doi.org/10.1007/s11606-020-05979-9
https://doi.org/10.1007/s11606-020-05979-9
https://doi.org/10.2196/jmir.4807
https://doi.org/10.1007/s40979-018-0025-x
https://doi.org/10.1007/s40979-018-0025-x
https://doi.org/10.1186/s12916-020-01577-y
https://doi.org/10.1186/s12916-020-01577-y
https://moodle.org/
https://doi.org/10.1177/0273475315589814
https://doi.org/10.1136/medethics-2020-106353
https://doi.org/10.3205/zma001381
https://doi.org/10.1302/2633-1462.22.BJO-2020-0142.R1
https://doi.org/10.3205/zma001422
https://doi.org/10.1007/s40979-021-00075-9
https://doi.org/10.1007/s40979-021-00075-9
https://doi.org/10.17176/20200623-110840-0
https://doi.org/10.17176/20200623-110840-0
https://doi.org/10.1080/10872981.2020.1764740
https://doi.org/10.1017/S0022215121000141
https://doi.org/10.1017/S0022215121000141
https://doi.org/10.3389/feduc.2019.00109
https://doi.org/10.30476/jamp.2020.86070.1213
https://doi.org/10.30476/jamp.2020.86070.1213
https://doi.org/10.3205/zma001045
https://doi.org/10.15694/mep.2020.000102.1
https://doi.org/10.1007/s40979-020-00065-3
https://doi.org/10.1007/s40979-020-00065-3
https://doi.org/10.1080/0142159X.2020.1811214

	Abstract
	Introduction
	Methods
	Study design and questionnaire development for the first survey
	Implementation of the first survey
	Conducting the follow-up survey
	Evaluation of questionnaire and data analysis

	Results
	Overall characteristics of respondents of the first survey
	Impact of the corona pandemic on teaching in the health care sector
	Execution of examinations in medical education during the corona pandemic
	Barriers, limitations and future impact of digital education
	Digital breakthrough after two digital semesters?

	Discussion
	Opportunities and pitfalls within student-directed e-learning
	Challenges of distance online examinations
	Digital teaching and testing of practical skills
	Recommendations for the conversion to a digital semester
	No individual solutions - digital transition is a collaborative task
	New didactical concepts over technically simplest solution
	Recommendations for conducting digital assessments

	Outlook and conclusions
	Limitations of the study
	Abbreviations

	Supplementary Information
	Acknowledgements
	Authors’ contributions
	Authors’ information
	Funding
	Availability of data and materials
	Declarations
	Competing interests
	References
	Publisher’s Note

