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AbSTr AcT

The development of digital strategies in teaching is based on the 
technological progress of the last decades, but also on the strong 
motivation to focus a didactic concept on the learning individu-
als. The available data of German medical faculties indicate that 
digital teaching concepts currently play a subordinate role in 
medicine in general and specifically in otorhinolaryngology. By 

assessing data of our own institution, we could demonstrate that 
the majority of medical students refer mainly to material hand-
ed out by the lecturers as single source of information for learn-
ing Otorhinolaryngology. Therefore, the application of sound 
digital teaching strategies provides special chances, in particular 
in otorhinolaryngology to cope with the excessive amount of 
online information from partly unclear sources.
Currently, the possible degree of digital teaching reaches from 
digital service supply via punctual provision of classic teaching con-
cepts and blended learning up to completely digital curricula. The 
attractiveness of curricular integration of digital teaching strategies 
is less based on the utilization of merely technological progress, but 
rather on the variety of applying innovative curricula and new di-
dactic concepts. Depending on the intended teaching purpose, the 
flipped classroom and the virtual reality seem to have a particular-
ly high potential, while mobile learning is already established in 
individual practice. Testing and evaluating digital teaching innova-
tions for concrete scenarios currently belongs to the most impor-
tant scientific challenges of digital teaching concepts.
Today, the nationwide implementation of digital teaching in Ger-
many is less impeded by technical conditions, but by missing financ-
ing because sponsoring is currently mainly performed with refer-
ence to concrete projects; in the context of permanent 
implementation, however, regular costs arise. To support these 
promising teaching concepts, the sponsoring of institutions for dig-
ital teaching with provision of hard- and software solutions at uni-
versities could contribute significantly. Establishing cooperation to 
use such digital platforms might lead to a high efficiency regarding 
the distribution with simultaneously profiting of savings potential.
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1. Introduction
The development of digital teaching and according concepts is 
closely related with the rapid development and distribution of in-
formation technologies, in particular also with a nearly complete 
internet access. In order to approach the topic of digital teaching 
strategies, first the term of digital teaching has to be defined. Dig-
ital teaching is often also called or even used synonymously as elec-
tronic learning or e-learning. The definition, however, is not very 
clear which is due to the historic development from different direc-
tions. In the broadest sense, e-learning means teaching with tech-
nological support which is basically focused on the learning indi-
vidual [1]. The origins date back to the 1960ies and are mainly as-
sociated with the pioneering academic teacher Patrick Suppes 
(Stanford University, CA, USA) and Donald Bitzer (University of  
Illinois, IL, USA) [1].

Suppes approached technology-supported teaching by inten-
sively reflecting the learning-theoretical advantages of individual-
ized computer-assisted teaching [2]. Based on these ideas, he de-
veloped a Computer Managed Instruction System as individualized 
instruction for learning mathematics on primary school level. Sup-
pes considered the major advantages of using computers in the 
possibility of better addressing individual differences of the learn-
ing subjects and breaking up the passiveness of the auditory of lec-
tures and presentations [2].

Bitzer and colleagues followed the technological way and estab-
lished an interactive learning and teaching system called “PLATO” 
that provided a platform for teaching purposes to teachers based 
on many innovations that had been specifically developed for this 
tool, such as for example the programming language of TUTOR [3]. 
The teaching software was made available on a mainframe com-
puter, which could be accessed by the students via decentral ter-
minals. The motivation to develop PLATO was also triggered by the 
increasing number of students and aimed at reducing the costs per 
student contact [4]. Because of its functionality, PLATO is consid-
ered as precursor of current e-learning platforms and video confer-
ence systems [1, 3, 5, 6].

Parallel to the growing availability of computers since the 
1980ies, these precedent models of computer-assisted or technol-
ogy-supported teaching were expanded to multimedia interactive 
platforms. With increasing prevalence of the internet in the 
1990ies, the local interaction between users and computers was 
transferred to web-based teaching contents and models of active-
ly learning subjects were developed. Due to further technological 
innovation – and in particular the mobility of devices – and new 
possibilities of social interaction, these models were further elab-
orated to the current concepts of digital teaching/e-learning of our 
time [1, 7].

The present article will describe the current status of digital 
teaching strategies, elucidate current options, approaches, tech-
nologies, perspectives, and funding opportunities, and analyze 
them with regard to their applicability on the specific situation of 
medical teaching with its high percentage of practical learning. A 
special focus will be placed on the teaching concepts in the field of 
otorhinolaryngology.

2. Status of Digital Teaching in Germany
A review of digital teaching in Germany is difficult to perform be-
cause of the complexity of the terms and their heterogenic use. An 
indirect assessment revealed that formally 2/3rd of German univer-
sities offer digital learning concepts [8]. However, no statement 
about the actual use and integration of these digital concepts can 
be made based on this quantitative approach. Regarding this cen-
tral question, the “Hochschulforum Digitalisierung” (HFD, Univer-
sity Forum of Digitization), an independent institution that was 
founded in 2014 with funding of the Federal Ministry of Education 
and Research (BMBF), conducted comprehensive analyses and re-
ports that will be cited regularly in this article [9]. As a common in-
itiative of the german Center for University Development (Centrum 
für Hochschulentwicklung, CHE) and the german Conference of 
University Presidents (Hochschulrektorenkonferenz, HRK), the HFD 
pursues the objective of discussing and evaluating the impact of 
digitization on academic teaching. It primarily aims at implement-
ing academic strategies, establishing competences in teaching as 
well as generating ideas and developments of scenarios for the fu-
ture [9].

An interesting analysis of the significance of digital teaching in 
Germany was performed by Persike and Friedrich in 2016 on behalf 
of the HFD [10]. The authors evaluated a questionnaire on the topic 
of digitization integrated into the university ranking questionnaire 
of the CHE. They concluded from the assessed data that digital 
media were no integral part of teaching and learning at the major-
ity of universities at the time of data collection. Due to the large 
sample of 27,473 students from 153 universities, further interest-
ing aspects resulted regarding the use of digital teaching at German 
universities. Despite the differences between the single disciplines, 
an even more relevant difference of digitization between the uni-
versities themselves became obvious, which emphasizes the sig-
nificance of the single university for the development and use of 
digital media. Additionally, an intensive analysis of the participat-
ing students was performed who were classified into different user 
types after evaluation of the survey. In order to simplify the analy-
sis, Persike and Friedrich categorized 20 types of digital media into 
the five format types of classic digital media and communication 
tools (e. g. PDF documents, PowerPoint), social communication 
tools (e. g. blogs, chats, social networks), electronic examination 
systems (e-exams and e-assessments), audio- and video-based 
media, and interactive tools and formats. The cluster analysis of 
these five formats revealed four different user types of digital 
media: 30.2 % of the students used most preferably classic digital 
media, 25.5 % used the combination of classic media and electron-
ic exam, 22.8 % focused more on audiovisual contents beside clas-
sic media, and 21.5 % were so-called “digital all-rounders” with an 
evenly high use of all digital learning formats. Discussing only med-
ical disciplines, 63 % of the students were found in one of the two 
first mentioned categories oriented at classic learning formats, 
while 14 % learned with audiovisual media, and 23 % were digital 
all-rounders. Within the medical disciplines, a high heterogeneity 
was revealed between the universities with differences of up to 25 % 
in the frequency of using digital media. The reasons for this focus 
on classic digital media like PDF and PowerPoint documents could 
not be definitively clarified by the authors of the analysis, but they 
see clear hints that a regular use of digital media only occurs when 
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they are implemented in the teaching concepts. The authors con-
clude that digitization in academic teaching has to be primarily fos-
tered by the lecturers [10].

These observations are congruent with the results of an own 
survey with 212 students from two semesters of the Ruhr Univer-
sity of Bochum who completed their ENT internship in 2014–2016 
[11]. 81 % of the interviewed subjects stated that they used the 
learning material for otorhinolaryngology handed out by the lec-
turers. 57 % of all participating students even reported that this was 
their only source for this discipline. These data seem to reveal that 
the responsibility of the lecturers in such disciplines as otorhi-
nolaryngology has to be considered as being even higher compared 
to the so-called big disciplines of internal medicine or surgery. 
Based on this hypothesis, possibly particular chances and possibil-
ities for the application of e-learning arise for our discipline. In the 
study cited above, about 90 % of the students would prefer the ex-
pansion of digital learning activities.

The prevalence of digital learning tools at ENT departments of 
German university hospitals is currently rather low, as published by 
Sass and colleagues in 2017 based on an analysis of 2015 [12]. While 
the download of scripts or presentations as well as completing ma-
terial was available at the majority of ENT departments of German 
university hospitals (86 % and 62 %, respectively), only few offers ex-
ceeded this basis. The implementation of digital media in teaching 
concepts requested by Persike and Friedrich seems to be sparsely 
distributed at ENT departments of German university hospitals.

3. Composition of a Digital Curriculum
In the general organization of digital teaching, several levels are 
differentiated, depending on the degree of digitization [8]. They 
start with classic teaching without digital media and develop via 
digital services and partially digitized teaching up to completely 
digitized studies. An overview is given in ▶Fig 1. Taking a closer 
look to the topic, the selection of the concept or the organization 
is limited with regard to medical teaching. In the era of an online 
society, an organization without any aspect of digitization is no 
longer at the disposition nowadays because the basic digital infra-
structure (terminal devices, networks, internet) are available near-
ly everywhere. Especially in the context of improving administra-
tive services, digital services are currently regularly available as 

simplest level of digitization around university studies and medical 
education. They do not only include usual communication via 
e-mail, but for example also the provision with learning manage-
ment systems and other central IT services (mail server, inscriptions 
for courses and exams, digital libraries etc.), which may support 
the lecturers regarding digitization of the learning material.

Partially digitized teaching and learning may be subdivided into 
two main sub-aspects [8]:
1. The simplest use of e-learning is the punctual accumulation of 

classic teaching methods: online services are not integrated 
into the teaching and learning concept, but made available for 
selected purposes to complete the teaching/learning material. 
In this category, for example lecture presentations or addi-
tional material for download are provided. The classic role 
allocation of teaching and learning subjects is unchanged.

2. The concept of “blended learning” or “hybrid learning” enhances 
the level of digitization by structurally integrating the digitized 
contents into the curriculum and replacing currently conventional 
by digital material. Thus the online content is an integral part of an 
entire curriculum together with elements of classic academic 
teaching. By shifting relevant topics into the digital area, secondar-
ily also the presence of lecturers is changed because digitally pro-
vided topics may be considered as being worked up. The 
percentages of both elements may vary and be adapted to the 
teaching and learning objective [13]. The classic role allocation of 
lecturers and students will be partly broken up and teaching/learn-
ing is more focused on the students. The transformation of a clas-
sic curriculum into a blended learning concept generally requires a 
complete re-organization of teaching.

E-learning at German medical universities is currently limited to 
online services or punctual accumulation concepts [14]. Due to the 
high percentage of practical learning in medicine, the option of 
completely digitized studies is not possible, however, in the con-
text of postgraduate further education concepts (e. g. as webinars) 
it may be interesting [8].

How exactly such a web-based medical curriculum has to be de-
signed, can only be described for single disciplines because of the 
large spectrum of medical studies, since particular requirements 
and aspects have to be taken into account for single disciplines. 
Some authors consider this increasing complexity of medicine as 
special chance for e-learning [14, 15]. Due to the growing complex-
ity of the entire discipline, Prober and Khan postulate to use the 
chances of digitization in order to break up the missing flexibility 
of medical teaching [15]. Furthemore, especially the principle of 
flipped classroom seems to be suitable for medicine. The students 
should be provided with a framework curriculum serving as (online 
acquired) theoretical basis for further courses and seminars. Based 
hereon, the students should be enabled to get deeper insights into 
different topics according to their needs and interests.

4. Innovations
Taking into account future-oriented strategies of academic teach-
ing, already the application of new digital technologies may seem to 
be a relevant innovation. However, the actual attractiveness of on-
line learning strategies is due to the manifold options of implement-

▶Fig. 1 Organizational forms of digital academic teaching [8].
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ing innovative curricula and new didactic concepts. In the following, 
selected innovations will be presented and elucidated in detail. De-
veloping e-learning strategies is associated with the simultaneous 
use of different formats. The essential evaluation of those models is 
complex and the impact on the students is difficult to quantify. Test-
ing and evaluating such complex blended-learning innovations for 
concrete scenarios belongs to the most important scientific chal-
lenges of digital teaching and e-learning concepts [16].

4.1 Flipped classroom
One of the most important learning-theoretical principles of blend-
ed learning is the so-called flipped classroom [17]. Hereby, the 
teaching concept is focused actively on the students; and digitiza-
tion is the fundamental element of this concept. Among the differ-
ent definitions of flipped classroom, also the terms of reverse, in-
verse, or backwards classroom are found. Structurally, the classic 
approach consisting of initially acquiring knowledge in courses, 
seminars, and lectures with personal attendance in order to sub-
sequently do homework or transfer exercises is inversed:

The lecturers digitally provide the theoretical basics of the topic 
to be discussed, for example as online video. Based on this, the stu-
dents prepare themselves for the inverse course/seminar at their 
own learning pace. Generally, the used contents may be provided 
in any available format. In this way, the students attending the 
course/seminar already have a previously acquired basic knowledge 
so that the course itself may focus on problem-oriented learning such 
as the application and increase of this basic knowledge; “homework” 
is then done together with the whole group [15, 18]. An overview 
about the structure of a flipped classroom is found in ▶Fig. 2.

Several studies confirm a positive effect of flipped classrooms 
on the teaching and learning effectiveness and activity [19]. Nu-
merous medical applications and analyses of this teaching/learn-
ing principle are meanwhile found in most different fields of 
pre-clinical [18, 20, 21] and clinical medicine [22–27] as well as in 
the further education of physicians [28]. In order to implement a 
flipped classroom, complete re-structuring of the curriculum seems 
to be reasonable [15]. The creation of online material for theoret-
ical knowledge acquisition may be extremely time-intensive. None-
theless, the flipped classroom has particular chances to increase 
the learning attractiveness for the students due to the broad spec-
trum of design options, the freely determinable learning pace, and 

the possibility to achieve a higher quality level of classroom events 
[15, 29]. Also teaching in otorhinolaryngology could be upgraded 
by the high percentage of visual elements of this learning concept. 
The suitable percentage of courses/seminars based on the flipped 
classroom principle is still controversially discussed.

In an own study performed at the ORL Department of the Uni-
versity Hospital of Bochum, Germany, on the implementation of a 
flipped classroom for ORL specific courses, the hypothesis proposed 
by several authors could be confirmed that flipped classrooms are 
particularly suitable for medical teaching [11]. In the context of the 
internal restructuring of the course, the introduction of basic ORL 
specific examination strategies, refreshing of anatomic and physi-
ological basics as well as the correct use of the instruments were 
included in an online course that was based on the OpenSource 
platform Moodle hosted by the Ruhr University Bochum. The stu-
dents were instructed to work up this basic information prior to the 
practical course; the lecturers expected that the contents were 
known. Hereby it became obvious that students who intensively 
dealt with the online contents felt significantly better prepared for 
the practical course. Overall, the newly introduced teaching and 
learning concept was perceived positively by the students and the 
lecturers.

4.2 Gamification
The term of gamification is relatively new in the context of an ap-
proach of digital learning methods. The word itself describes the 
transformation of a non-playful context into a playful one. In the 
context of e-learning, it means the use of playful elements to 
achieve predefined learning objectives. These game-like elements 
may be for example a scoring system, competitions, and awards 
[30, 31]. Gamification may also include the simultaneous applica-
tion of several playful elements, but it is differentiated from real 
games. In medical education, already some examples have been 
published on how gamification can be used. An overview of select-
ed publications on various gamification elements can be found in 
▶Table 1.

In general, this method is expected to have a high potential to 
improve the quality of learning by activating the intrinsic motiva-
tion of the students on the principle of the self-determination the-
ory [30, 32]. This potential could be illustrated by publications 
about the competitive multiplayer game called “FoldIt”. In this con-

▶Fig. 2 Basic principle of flipped classroom.
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text, the players contributed relevantly to the solution of complex 
protein folding of the HI virus [33, 34]. Depending on the design, al-
ready few technological conditions suffice for implementation of a 
digital gamification appraoch because for example also the use of 
social networks such as Twitter represents a common approach [35].

However, for the broad application of most different game-like 
elements – despite the described advantages – there is the ques-
tion that has not been dealt with scientifically under which specific 
conditions gamification will be a successful learning concept [32]. 
Thus it may be expected that the risk for a didactic aberration is rel-
atively high under these preconditions [32].

4.3 Game-based learning
Game-based learning describes an extended gamification approach 
to a real digital learning game which, regarding the content and 
structure, meets the pedagogic and didactic requirements of the 
educational objective. The objective of the game is the learning 
objective to be achieved [36]. Starting with quizzes up to virtual 
reality or complex simulation games, many different formats are 
possible. In 2018, Gorbanev and colleagues analyzed digital games 
in medical learning in the context of a review performed based on 
Cochrane guidelines [37]. They come to the conclusion that the 
mainly positive reports about medical games only have a low evi-
dence level and that the benefit for learning is difficult to assess be-
cause of the singularity of the games. The application is mainly lim-
ited to quizzes and simulations, as there seems to be no need for 
more complex games in medical education [37]. Further criticism 
of this format states that the fundamental elements of game the-
ory – voluntariness and absence of a purpose – are no longer valid 
in the context of game-based learning [36].

4.4 Records of lectures and seminars/courses
Recording and subsequent providing lecture material is a technol-
ogy that is available since many years. Meanwhile automated re-
cording systems are available in many universities and lecture halls 
that minimize the technological efforts and the current costs. Gen-
erally, technological processing is necessary afterwards so that the 
lecturers’ videos, presentations, and sound may be put together.

In Germany, no reliable data exist on the spread of lecture re-
cordings. Even in the English-speaking countries the meaningful-
ness of this methods has been discussed since many years. The 
study situation is heterogenic; while some trials show that lecture 
recordings are not much used and classroom attendance is pre-
ferred [38, 39], other studies reveal a high need and use [40, 41].

The central question and interest of the lecturers of how lecture 
records compete and interact with visiting the “real” event seems 

to depend on many factors and cannot be finally answered based 
on the available data. The common argument that lecture records 
would reduce the number of students attending the classroom 
events does not seem to be correct. Moreover, the students seem 
to use the records as additional source after attending the lectures 
instead of replacing it [42]. An own investigation of the lecture re-
cords of the ORL Department of the University Hospital Bochum 
could add evidence to this hypothesis and no measurable effect 
could be observed regarding the number of attendances. While the 
number of attendances of lectures and the number of users of on-
line records was balanced, an equal distribution of students attend-
ing the lectures frequently, sometimes, and rarely could be re-
vealed among the intensive users of lecture records [43]. Further 
reasons for the lecturers’ refusal can be explained by concerns re-
garding the technology, the protection of intellectual property, 
and missing knowledge of central funding possibilities. However, 
the majority of the lecturers report about positive experiences after 
introduction of online records [42].

The advantages for students consist of a flexible working and 
follow-up of the lecture material at the individual learning pace. 
There seem to be variable percentages of user groups that consid-
er the provision of lecture records as completion or substitution of 
the personal attendance [41]. In particular in cases of sickness, stu-
dents with foreign mother language, conflicts with other events, 
or preparation of exams the possibility of lecture follow-up may be 
very helpful. Because of the missing innovative character, a record-
ed lecture replacing the “real” lecture is seen critically [36].

4.5 Mobile learning
Mobile learning is not only defined by the use of devices such as 
smartphones for download of learning material, but it includes all 
learning scenarios that are possible by the use of mobile devices 
independently from the location and the time [36]. With the back-
ground of broad distribution of smartphones, it may be expected 
that learning independently from a concrete learning context, e. g. 
during waiting times, in buses and trains etc. takes place. An Amer-
ican trial, for example, could show that more than 90 % of the in-
vestigated medical student population use their smartphones for 
specific learning, communicating, and looking up information with-
in their studies. They are also in favor of structured use of the me-
dium within their courses [44]. Since a broad distribution of mobile 
devices cannot only be expected in students, but also in lecturers 
and patients, the question must be asked how the existing infra-
structure may be used for teaching and learning purposes.

Beside the free, independent learning scenario, mobile learning 
can take place in lecture halls (e. g. live surveys) or support a teach-

▶Table 1 Published examples of implementation of a gamification approach in medical teaching.

Publication Approach Gamification element Discipline

Lamb et al. [35] Daily medical questions on Twitter to enhance the competitive character Incentive (Badge) Surgery

Nevin et al. [81] Answering questions with online ranking Ranking Score system Internal medicine

Chen et al. [82] Answering questions on X-ray of the thorax within 15 s Time limit Radiology

Chang et al. [83] Defined, limited allocation of roles in an emergency situation Limitation of resources Pediatrics
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ing situation in certain learning-relevant locations (e. g. at the pa-
tients’ bedside) [36]. Masters and colleagues summarize the appli-
cation of mobile learning in four interacting areas [45]:
1. The daily use of mobile devices assures the use of the same 

technologies for learning, teaching, and practice and vice 
versa, i. e. new technologies from these areas are imported 
into daily life.

2. In the area of mobile teaching, the expertise of mobile tech-
nologies and practical applications are developed based on 
the availability of mobile learning material to the students.

3. Examples and applications for mobile learning are generated 
from the practice, teaching and education are possible due to 
mobile technologies.

4. Finally, students learn to use mobile applications for the prac-
tice and share their ideas and perspectives with the teaching 
staff.

An overview about the concepts of Masters et al. is displayed in 
▶Fig. 3.

In the concrete teaching and learning situation, the principle of 
BYOD (“bring your own device”) may lead to technical problems 
because usually different operating systems and performances of 
the devices are found and the students are responsible for updates 
and functionality [36, 44]. In some scenarios, the use of centrally 
provided hardware such as tablets may be suitable and also has ad-
vantages regarding data safety [46]. Most trials on mobile learning 
focus on apps developed for the study purpose, e. g. the evaluation 
of a practical units or for collaborative learning [47, 48].

4.6 Social media
In the same way as mobile device, the use of social media like Face-
book, Twitter, Instagram, YouTube, WhatsApp etc. is established 
in many people’s daily life. The provided infrastructure and the gen-
erally simple application allows social media to be used for e-learn-
ing purposes in manifold ways. Due to the large variety of options 
and formats, it is unclear what is actually useful. In the context of 
applying social media for learning purposes, the use of an already 
existing infrastructure may easily reach a large public [49, 50]. At 

best, the immediate feedback in most social media leads to vivid 
discussions of the available learning material [51].

In the literature, numerous applications of social media for med-
ical learning are found on the level of academic as well as special-
ist-related education and learning. This apparent advantage may 
easily turn into a disadvantage. For example, an over-supply of in-
formation may complicate the assessment of the suitability [52]. 
The possibilities for every single user to provide information easily 
may further lead to poorly confirmed or even wrong information 
[53]. The development of quality criteria for specific contents is a 
particular challenge in this context [54].

4.7 Collaborative learning
Collaborative e-learning is mainly defined as the computer-based 
performance of the classic teaching and learning concept of team-
work to find a solution of a problem. The transformation of this 
well-known learning environment into the digital environment 
makes this construction independent from time and location and 
in this way removes this limiting factor. Classic examples are Wikis 
and forums.

Collaborative learning may increase the motivation for longer 
online courses compared to individual learning. The basic mecha-
nisms are probably triggered by social pressure and rapid feedback 
of other participants [55]. Problems with collaborative learning re-
sult from complex social interactions such as for example non-at-
tendance or predominance of single subjects. Moderating inter-
vention of the lecturer/teacher may be reasonable [56].

4.8 Digitized reality
The umbrella term of digitized reality includes the topics of aug-
mented reality (AR), virtual reality (VR), and simulations [36].

AR is the description of the environment with visual display of 
completing information. Accordingly, AR is the technically most 
simply implementable variant of digitized reality with various pos-
sibilities of application in teaching and learning. However, the cur-
rent focus of research is rather placed on the technical implemen-
tation than on the didactic gain so that the latter one is still unclear 
[36]. But considering the increasing developments of AR applica-
tions for medical practice, e. g. in the context of robotic surgery 
[57], already allows drawing conclusions on how this technology 
might be applied in pre- and postgraduate teaching. Reasonable ap-
plications might be for example in surgical training by explanations/
live-feedback during surgeries, or in anatomic education [58–60].

The concept of virtual reality (VR) is closely related to AR. The 
learning situation is completely shifted to the interactive and sim-
ulated space that is expected to display the reality. Applications of 
VR seem to have a high potential in medicine. For example emer-
gency situations could be trained in virtual realities or surgical tech-
niques might be trained. Different authors consider AR and VR as 
digital key technologies for the medical sector [61]. In contrast to 
AR or VR, simulations have been included in medical teaching ear-
lier. They are defined as imitation/simulation of the real environ-
ment that is applied when realization is not possible because of dif-
ferent reasons [36]. Also for otorhinolaryngology, several practical 
examples exist for ear, sinus, or laryngeal surgery [62]. Despite 
proven advantages in studies for example regarding training in FESS 
[63] or handling ENT emergency cases [64], the evidence level in 

▶Fig. 3 Model of interaction between mobile teaching, learning, 
and practice, adapted according to [45].
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most studies is rather low [62]. The main argument for simulations 
is the possibility of training a situation that is close to reality, but 
that cannot be trained in reality.

4.9 Selection criteria of innovation for e-learning 
projects in otorhinolaryngology
Based on the heterogeneity of the above-mentioned selection of 
innovations, the numerous design options of digital learning pro-
jects may be illustrated. In the following, the attempt is made for 
ORL specific characteristics to find a further differentiation. Because 
of the rather poor evidence situation, in most cases no reference 
to scientific data can be made. Important selection criteria for in-
novations with a teaching/learning purpose focus on the techno-
logical competence, the complexity/efforts, cost factors, the tar-
get group, and in particular the appropriateness for the teaching 
purpose. A proposal of correlating these parameters is summarized 
in ▶Table 2.

The relevant teaching purposes in otorhinolaryngology in Ger-
many include the practical and theoretical training and education 
of medical students (pre-graduate teaching) as well as practical 
and theoretical further education of physicians (post-graduate 
teaching). This is the main difference of pre- and post-graduate 
teaching and learning. The first one is rather focused on theory and 
generally contains a short internship and longer times of lectures. 
The medical students as target group should acquire knowledge 
in the basic topics of otorhinolaryngology that qualifies them for 
tests and the final exam. The practical training is limited. In the con-
text of post-graduate teaching and education, this situation is in-
versed: the subjects already have basic knowledge and are mainly 
taught practical contents (e. g. surgery courses).

Because of the rather simple technique with moderate efforts 
and costs, the flipped classroom seems to be suitable for most 
teaching purposes. Especially for pre-graduate education, several 
examples for application as well as advocates are found in the liter-
ature [15, 29]. In an own study, the authors could show the reason-
able implementation of flipped classrooms also for the practical part 

of pre-graduate education [11]. Also in post-graduate education, 
more and more trials are found that stipulate the applicability of 
flipped classrooms [65–67].

As described above, only few technological conditions have to 
be met for education based on a gamification approach because 
frequently the use of the basic structures of social media is possi-
ble [35, 68]. Accordingly, the overlap with the area of social media 
and collaborative learning is very high, regularly these strategies 
are applied together [68, 69]. The didactic gain has to be consid-
ered as complex [32]. Selected published examples on gamifica-
tion are summarized in ▶Table 1. An interesting approach was de-
scribed by colleagues of general medicine of the Charité in Berlin 
who tried to overcome the low interaction between colleagues of 
different practices by implementing case discussions in virtual 
groups combined with a gamification concept [69].

Also the evaluation of game-based learning has already been 
discussed above and reference was made to the review that was 
performed in 2018 based on Cochrane guidelines [37]. Because of 
the expected development costs and the doubtful value, the au-
thors currently consider digital games as irrelevant for e-learning 
in otorhinolaryngology, independently from the intended learning 
purpose.

Under the aspect of flexible work-up and follow-up of theoret-
ical information independently from the purpose, recording lec-
tures or other teaching events is probably less relevant for courses/
seminars with practical focus. Despite the low evidence in the lit-
erature, the authors emphasize the positive experiences of own 
lecture records at the Ruhr University Bochum [43]. Due to the fact 
that the central infrastructure of universities can be used, expens-
es and efforts can often be minimized. Shifting parts of the tech-
nological prerequisites to the users’ responsibility allows formulat-
ing the financial and technical characteristics of mobile learning in 
a similar way [36, 44]. The suitability of mobile learning strategies 
for practical as well as theoretical applications was already report-
ed with references in chapter 4.5.

▶Table 2 Proposed selection guide of digital innovations for a teaching concept.

Innovation Technology Efforts costs

Pre-graduate teaching Post-graduate teaching

Practice Theory Practice Theory

Flipped classroom  +  + +  + +  + +  + + +  + +  + + + 

Gamification  + / + +  + / + +  + / + +  + +  + +  +  + + 

Digital games  + + +  + + +  + + / + + +  +  +  +  + 

Event recording  + +  +  + +  +  + +  +  + + 

Mobile learning  + +  +  +  + +  + +  + +  + + 

Social media  +  +  +  +  + +  +  + + 

Collaborative learning  +  +  +  + +  + +  +  + + 

Augmented reality  + + +  + +  + +  + + +  +  + + +  + 

Virtual reality  + + +  + + +  + + +  + + +  +  + + +  + 

( + ) low / not suitable ( + + ) medium / probably suitable ( + + + ) high / promising
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Among the described innovations, digitized reality is probably 
one of the most effort- and cost-intensive ones because it cannot 
work without complex technical basics. Because of these limita-
tions, the reasonable application currently seems to be only possi-
ble in the post-graduate teaching and further specialization, which 
is congruent to the current literature. For example, the use of AR 
and VR applications in our discipline could support surgical train-
ing and telemedical education such as live transmissions. Howev-
er, currently the low evidence in the literature contradicts to an 
overall application [62]. The potential of the technologies can be 
estimated as very high, which has already been demonstrated in 
some studies on surgical education in otorhinolaryngology [61, 63].

5. Financing of e-learning
The introduction of digital teaching and learning is associated with 
additional efforts regarding costs and staff. Accordingly, a sustain-
able budget and staff planning is essential for establishing and 
maintaining digital teaching and learning concepts [70]. Regard-
ing the cost structure, two levels have to be differentiated that are 
based on different preconditions and objectives of financing. The 
central level defines the general financing of digital infrastructure 
on an inter-university or intra-university level and is a basic condi-
tion for creating decentral, specific teaching programs. The current 
situation of German universities leads to structural problems on 
both budget levels [70].

Because of the high expenses for establishing digital infrastruc-
ture, the financing is currently mostly based on project financing, 
which is no sustainable approach, especially regarding the current 
costs. Since the creation of decentral teaching/learning programs 
requires specific knowledge about the implementation beside the 
presence of digital infrastructure, there is the need of increasing 
and financing additional teaching staff on this second level. Since 
this last-mentioned aspect concerns medical teaching and thus in 
particular the field of ORL, also fund raising is essential for financ-
ing e-learning projects. Beside several internal funding options, 
also different, mostly project-related external funds are available. 
One protagonist in this field is the Donors' association for the pro-
motion of humanities and sciences in Germany (Stifterverband für 
die Deutsche Wissenschaft) that provides for example fellowships 
for the promotion of digital university teaching or supports strat-
egy development programs. Furthermore, the Federal Ministry for 
Education and Research (Bundesministerium für Bildung und 
Forschung, BMBF) promotes research projects in the field of e-learn-
ing, for example in the context of the “offensive strategy for the 
digital-knowledge-based society”.

Beside the acquisition of funds, possibly the implementation of 
cooperation and consortiums may contribute to solve the prob-
lems, in particular regarding the technical aspect [70]. In this con-
text, an approach is imaginable that might be highly relevant also 
for the field of otorhinolaryngology.

6. Digital Exams
Digital exams, also called e-assessments, may be categorized based 
on the time of exam. Schmees and Krüger [71] classify the types as 
consulting (prior to higher education), diagnosing (prior to learn-

ing), formative (during the learning process), summative (after the 
learning process), and quality-assuring (after the course/seminar). 
An overview about the relevant types in medical teaching is given 
in ▶Fig 4. According to our experience, mainly the quality-assur-
ing type is applied in medical teaching for continuous evaluation 
and improvement of the courses/seminars. Furthermore, the sum-
mative format of examination corresponds basically to the classic 
knowledge testing in medicine, e. g. in the context of an (e-)assess-
ment [72]. Regarding the distribution of electronic examination 
methods in medical disciplines in Germany, no reliable data are 
available. However, considering the spectrum of different exami-
nation types (▶Fig. 4), there is a broad field of possible applica-
tions with partly complex overlapping and interactions between 
learning and examination [72–75]. In particular in the context of 
formative examination methods, some authors see a high poten-
tial to improve the quality of teaching and learning because the ob-
jective of exams is based on reflecting the learning outcome and 
to optimize teaching and learning [72, 74, 75]. One example is the 
so-called “Progress Test Medicine” that has been developed by the 
Charité in Berlin and is meanwhile established in many universities. 
However, it is not completely digitized [76]. The knowledge status 
and individual progress of medical students is regularly checked by 
means of 200 interdisciplinary multiple choice items, starting with 
the first semester of medical studies. In this way, the own knowl-
edge can be objectively assessed and compared to others. This ex-
ample makes clear that the described types of e-assessment can 
generally be performed even without digital support. Thus, the 
possible advantages and disadvantages of a digital format will be 
elaborated in the following.

Due to the high level of technology and digitization in medical 
practice, relevant contents appear that can only be assessed rea-
sonably in a digital way, such as for example high-resolution imag-
es of microscopy or endoscopy or imaging procedures like comput-
ed tomography (CT), magnet resonance imaging (MRI), or cone 
beam tomography (CBT). The implementation of respective mul-
timedia contents in an e-assessment may make those learning data 
also available for exams. On the basis of learning management sys-
tems of universities, the use of multimedia contents and questions 

▶Fig. 4 Didactic sub-categorization of e-assessment, adapted 
according to [71, 79].
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seems to be suitable especially for formative examination meth-
ods. Another advantages might be the simplified, automated, and 
rapid evaluation as well as the transparency [77, 78].

Higher costs of digital examination methods, compared to pa-
per-based examinations, appear mainly in the implementation 
phase for technological basics [79]. In particular e-tests have to 
meet the requirements of functional technology, safety, and oper-
ability as of the beginning. Different authors postulate that the sim-
plification of the evaluation and maintenance finally lead to save 
costs or keep them on the present level because the current ex-
penses would be significantly lower after the implementation phase 
[77, 79]. The legal problems of e-tests concern the inscription to 
the exam, the allocation of the test to the examinee, and the veri-
fication of the candidates’ identity [80]. In this regard, meanwhile 
numerous approaches and guidelines are available [80]. Due to the 
simple performance of e-assessments and the low experience of 
using innovative question formats, there is the risk of producing 
less suitable or low-quality assessments. This central problem, how-
ever, can only be solved by meeting the requirements of acknowl-
edged guidelines [73].

It remains unclear if under certain conditions media-affine stu-
dents may benefit from digital examination formats [78].

7. Conclusion
The developments in e-learning are a complex topic with multi-fac-
tor challenges. Considering the current situation of e-learning in 
Germany, there is a clear discrepancy especially in medicine be-
tween the digital and multimedia-based private and professional 
life of our society and the medical university education that is main-
ly based on classic strategies that are only punctually completed 
by digital programs. While the creation and implementation of 
e-learning could be simplified in the last years, also due to central 
services of the universities, basically mainly project-related fund-
ing is seen in this context which makes stabilization and continua-
tion of digital contents beyond the funding period rather difficult. 
E-learning still has to be processed and promoted by the responsi-
ble teachers. Permanent financial provision is a conditio sine qua 
non. The currently deficient financial support could be at least part-
ly compensated by cooperation between universities or respective 
teams within scientific societies in order to benefit from synergy 
effects and to initiate additional multicenter trials in this field.

Due to the high level of technology, regarding diagnostic as well 
as therapeutic/surgical applications, and the multitude of visual di-
agnoses, particular chances might appear for modern e-learning 
strategies in the context of otorhinolaryngology within the whole 
spectrum of medicine. Own investigations could show that the use 
of these chances for ORL seems to be reasonable, in particular 
based on the dependence of the students from the material pro-
vided by the lecturers/teachers. The manifold innovations in 
e-learning are complex with regard to their didactic assessment 
and require careful analysis for the intended learning purpose. Sev-
eral examples of application from the literature could be shown. 
Regarding the applicability of these innovations within a digital 
overall concept for teaching/learning, however, too few reliable 
data are available. So, innovation in e-learning with thorough sci-
entific evaluation must be encouraged.

By early implementing appropriate e-learning concepts for ORL 
in medical studies, interested students might approach the multi-
tude and attractiveness of our discipline in a modern way and fur-
thermore an important contribution can be made to an optimized 
teaching and learning for recruiting junior staff.
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