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die Handlungsfahigkeit Studierender in der digitalen Welt zu fordern

Abstract

Digital transformation has a major impact on the healthcare system
and sometimes leads to disruption. Therefore, the medical environment
we see today may be very different from what we see in the future. The
aim of the present study was to investigate how medical students can
be prepared for a medical environment that is currently not fully predict-
able. For this purpose, a course has been created at Witten/Herdecke
University in the fundamental studies, which deals with the digital
transformation of the healthcare system. Students can take part both
in presence and synchronously online. Over the past five semesters of
the event, there has been massive demand (up to 365 course assign-
ments), an interactive discussion with internal and external experts,
and a very high acceptance of the topic and methodology. The digital
transformation of the health system will be a major focus of the new
model curriculum at Witten/Herdecke University, whereby the synergies
with the courses of the other faculties should always be used to train
multiprofessional interface competences.

Zusammenfassung

Die digitale Transformation hat erhebliche Auswirkungen auf das Ge-
sundheitssystem und kann sogar zu disruptiven Prozessen fuhren. Daher
unterscheidet sich das heutige medizinische Umfeld voraussichtlich
stark von den zuklnftigen Bedingungen im Gesundheitswesen. Ziel der
vorliegenden Studie war es, zu untersuchen, wie Medizinstudierende
auf Umstande im Gesundheitssystem vorbereitet werden konnen, die
derzeit nicht vollstandig vorhersehbar sind. Zu diesem Zweck wurde an
der Universitat Witten/Herdecke im Studium fundamentale ein Seminar
implementiert, das sich mit der digitalen Transformation des Gesund-
heitswesens beschaftigt. Die Studierenden kdnnen sowohl in Prasenz
als auch online synchron teilnehmen. In den letzten funf Semestern
der Veranstaltung gab es eine grofRe Nachfrage (bis zu 365 Anmeldun-
gen), eine interaktive Diskussion mit internen und externen Experten
und eine sehr hohe Akzeptanz des Themas und der Methodik. Die digi-
tale Transformation des Gesundheitssystems wird ein Schwerpunkt des
neuen Modellstudiengangs der Universitat Witten/Herdecke sein, wobei
die Synergien mit den Lehrveranstaltungen der anderen Fakultaten
immer zur Ausbildung multiprofessioneller Schnittstellenkompetenzen
genutzt werden sollen.
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Introduction

The digital transformation of medicine as a supporting
measure began in the 1980s with the first electronic
documentation systems and digital imaging [22], [31].
The DaVinci robot has also been used in operations for
more than 20 years [20]. Yet we have been reading,
hearing, and seeing recently in various media that this
digital transformation of the healthcare sector is increas-
ingly gaining momentum and revealing its disruptive
character [28], [1]. Hermann et al. [13] compared
healthcare providers and their business models, and
found a disruptive process in a way that more and more
new e.g. technological companies were becoming import-
ant in the field of medicine or the medical industry. For
instance, the three big technology giants Apple, Amazon
and Google have already put themselves at place with
major investments and are willing to reshape the medical
market [24].

Although the progress made so far with the development
of artificial intelligence [16] has not yet reached the levels
of a superintelligence [7] that will develop any further in-
vention for humanity, we can see a significant increase
in technological and digital development in recent years
challenging existing medical knowledge.

Telemedicine is already part of everyday life in Australia
[26] and is now increasingly being introduced in Germany
[12]. Apps support many patients in the management of
their illnesses and the associated therapies [3] via
smartphone or help directly to stay healthy. With Verb
Surgical, a joint project between Google and Johnson &
Johnson, a completely new robot-assisted surgery is being
prepared, which provides advice to the physician during
the surgery [23]. In addition, patients organize and inform
themselves in social media [5]. In the pharmaceutical
industry research is currently performed on the use of
digital endpoints [6], and software is able to make diag-
noses based on images and text to provide decision
support to the physician about therapies [19]. Simplified
gene sequencing and the use of big data as well as
“machine learning” allow for an individualized “precision
medicine” [9].

Medicine and the entire healthcare sector are subject to
rapid change and an immensely fast evolution. A fear
that machines and software might replace doctors is not
completely unfounded: radiology predictions [10] clearly
show that the medical community is not sufficiently pre-
pared for this development. The corresponding skills need
to be taught in education and continuing training in order
to be able to act responsibly in the digital transformation
of the health system [25].

For our educational research group at Witten/Herdecke
University, the following research questions arose:

¢ |sit possible to create a transdisciplinary course in the
fundamental studies to prepare students for the digital
transformation in the field of health?

* Is it possible to use the “webinar” format at a model-
university with problem-based learning and small-group
culture? How will this course concept be accepted by
the students?

Methods

To answer this question, in the winter term 2016/17 we
initially offered the course “Digital Medicine - how to
change the way we treat” in the fundamental studies
(Studium fundamentale) of Witten/Herdecke University
for the first time (1 ECTS, blocked, every two weeks,
6-8 pm). Afterwards this course was offered each term.
From the winter term 2018/19, the scope was increased
to 2 ECTS (weekly, 6-8 pm). In fundamental studies,
students of all three faculties (1. Health with the Depart-
ments of Human Medicine, Nursing, Dentistry and Psycho-
logy, 2. Economics and 3. Cultural Reflection) choose
courses in the areas of reflection, communication, and
culture for 10% of their study achievement apart from
their actual studies to work interdisciplinarily on their
personality development [30]. The medical digitization
course should not only allow discussions from a medical
perspective, but also consider economic or ethical issues.
The interdisciplinarity of the participants of this course
should promote the interface competences required in
a digitized world [2]. It also seemed necessary not only
to understand digitization as a content of the course, but
also to use it methodically. For this purpose, the course
was carried out both at the university as a face-to-face
lecture as well as via live stream into a virtual classroom,
using Adobe Connect [17]. In the live stream, students
outside the W/HU were able to hear and see what was
happening in the seminar room, following the presenta-
tion and actively participate in the discussions via text
or audio chat. By a name registration in the virtual
classroom, the presence was documented. In addition,
individual events were recorded and the videos afterwards
made available to the students (see Figure 1).

Initially designed as a journal club, the participants should
engage in discussions through previously sent publica-
tions and impulse lectures at the beginning of the event
given by internal and external experts about topics regard-
ing digital transformation of the healthcare system like
fostering adherence by apps and wearables or profession-
al behavior in social networks.

In addition, at least one field visit to an actor in the digital
transformation of health care was carried out each
semester (Figure 2).

From semester to semester, more external experts were
recruited, who reported on their work on digital transfor-
mation in the healthcare sector and discussed it with the
students (e.g. clinic, practice, research). Students have
also given impulse talks on their own experiences (such
as programming and marketing an own health app,
nursing robots or a digital patient curve) or topics related
to their bachelor/master theses (e.g. online psychother-
apy or ethical effects of digitization). In summer 18 and
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Figure 1: Example of a virtual classroom based on a recording (Source: https://www.youtube.com/watch?v=KWoLgmi9-cM)

“Digital Medicine — How will data change the way we treat”

Summer 2019

11.04.2019 Welcome and Formalities (Jan Ehlers, UW/H)
Influencers in Fitness Social Media (Katharina Pilgrim, UW/H)

18.04.2019 Digital Medicine (Philip Béhme, UW/H)

25.04.2019 Who makes opinions? (Kristine Schmidt, RTL)

02.05.2019 Health Apps & Young Talents (Julia Zink, SBKK)

09.05.2019 Serious Health Games (Markus Gennat, Uni Manster)
Robots in Elderly Care (Sven Kernebeck, UW/H)

16.05.2019 Tele Emergency Doctors (J. Sattelberger, GKH)

7Mind (M. Ronnefeldt, UWH)
Robotic Surgery (U. Bork, Dresden)

23.05.2019 Online Psychotherapy (P. Doose, UWH)

Cyber Mental Health (M. Schnurer, BWI)
06.06.2019 Site visit Cardio-Vasculary Research Labs (Bayer, Wuppertal)
13.06.2019 Sex with Robots— Ethics & Law (Iris Phan, Hannover)
27.06.2019 Digitalen Start-ups in Healthcare (M. Herrmann, UW/H)
11.07.2019 FutureMedTalk (T. Thranbehrend, BertelsmannStiftung)

Figure 2: Schedule of the course in summer 2019 with online sessions and site visit

winter 18/19 there was an appointment for the project ¢ Thetechnique of the course (presence + online) is very
“The Digital Patient” [27] of the Bertelsmann Foundation good.

with well-known experts on the topics “HealthApps - The ¢ The contents of the course were well coordinated.

Pill of the Future?” and “How much doctor do we need?”. * The quality of the mailings (article, paper) was very

These events were open to all interested parties, including appropriate.

outside the university. * The organization of the course was very good.

To answer the research question, the number of partici- * | would like to have a recording (video clip) of the
pants at the on-site and online events was documented events.

and a feedback interview was held at the end of the < | willrecommend the course.
course and an online questionnaire was activated. In
addition to a few socio-demographic questions, the survey
included the following statements to rate with Likert
scales (1=poor - 5=very good):

In addition, it was possible to write down free text: what

was felt to be particularly good, what could be improved

and other comments. The quantitative part of the ques-

tionnaire was statistically evaluated with SPSS, the

* The format of the course (journal club with impulse qualitative part categorized by content analysis with
and discussion) seems to me very appropriate. MAXQDA® 13.
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Figure 3: Registrations (blue|left) and completed courses with attained certificate (orange | right) for the course
in the last five semesters

Results

The course “Digijtal Medicine - How to change the way
we treat” was well received from the beginning and stu-
dents from all faculties and departments took part in the
course. In the first semester (winter 16/17) it was chosen
by 17 students, in the winter semester 18/19 already by
365 students (Figure 3). About 50-70% of the students
who chose the course were able to complete the course
and obtain a certificate. Partly there was no chance to
register all enrolled students for the course due to late
registration or other offers in time competition, so that
not enough course participation could be realized for the
certification of individual participants.

While the ratio of presence to online participation in the
first course was still about 50 to 50, it developed over
the time that online participation became the preferred
form with well over 90%.

The “site visits” were held each semester at Bayer AG in
Wuppertal to experience the use of digital technologies
along the pharmaceutical value chain. In addition to the
identification of new lead structures in the HTS procedure,
the use of portable and implantable biosensors [21] and
the handling of big data in cardiology research were
demonstrated. In addition, in winter 17/18 an excursion
to Hamburg to Johnson & Johnson Medical GmbH and
Google could be realized. These “site visits” were one of
the highlights of each semester for the students (Table 1).
Up to 400 people took part in the public online events
with “The Digital Patient”.

Of the 537 students who successfully completed the
course, 183 (34.1%, 144 complete sheets=26.8%)
answered the online questionnaire. The socio-demo-
graphic data showed that students from all faculties and

departments participated in the evaluation as well as in
the course itself (see Figure 4).
The descriptive analysis of the evaluation questions
showed that the students were very satisfied with the
course format (4.5, SD 0.6, Table 2), that they were en-
thusiastic about the technique (4.3, SD 0.7) and that the
content was well-coordinated (4.3, SD 0.8). However, the
material for course preparation was not always suitable
(4.0,SD 0.9), but the organization of the course was very
good (4.5, SD 0.6). There was no consensus among the
interviewees about the benefit of a video (3.7, SD 1.2),
but that they would recommend the course (4.9, SD 0.3).
The fact that this has been put into practice can be seen
both in the increasing number of participants as well as
in the renewed choice of the course in the following
semester of many participants.
In the closing discussions of the course and in the quali-
tative feedback of the online questionnaires, many posi-
tive comments were noted (n=119 comments). The focus
was on the interesting choice of topics, interactive di-
dactics, interdisciplinary cooperation and the possibility
of online participation (Table 1).

“A great event that should continue to be offered in

this form! Due to the “digital” participation very con-

temporary and practical for e.g. commuting students.”
Likewise, many suggestions for improvement (n=91) could
be collected for the course. These mainly concerned the
technique to be improved and the approach of the parti-
cipating students in terms of structure, choice of topics,
and presentation as well as the critical examination of
the topic (Table 3). Many points could be taken in each
case for the new semester, for example, especially the
audio technology was constantly improved and the
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Table 1: Qualitative evaluation of the free-text comments on the question of what was received particularly
positively on the course

n | Category Typical quote
71 | Choice of topics “Multiperspective view of an important topic of today”

38 | Technical implementation “Not having to sit on uncomfortable chairs, but to be able
to participate from the sofa.”

34 | Interactive didactics “Interactive work, direct response to questions.”

30 | Interdisciplinary cooperation | “The contributions of various companies/organizations;
the possibility of participation of non-medical students”

13 | “Site visits” “The visit to the Bayer Research Center”

n=91 comments, multiple answers possible

1,4

= Medicine = Dentistry Psychology = Economy = Humanities Nursery

Figure 4: Distribution of students according to departments and faculties in the final evaluation (n=144)

Table 2: Quantitative evaluation of acceptance of the new course by the students

Statement Mean Standard
value deviation (SD)
| am satisfied with the course format. 45 0.6
| like the technology of the virtual classroom. 4.3 0.7
The content was well coordinated. 4.3 0.8
The material for course preparation was good. 4.0 0.9
The organization of the course was good. 45 0.6
| would like to have video recordings of the session. 3.7 1.2
| will recommend the course to my friends. 49 0.3

Likert scales 1= “no, not at all” to 5= “yes, absolutely”, n=144

Table 3: Qualitative evaluation of the free-text comments on the question of what can be improved on the course

n | Category Typical quote

50 | Technical implementation | “Camera/sound/internet connectivity is essential to online attendees and could
be a little better”

35 | Approach, structure and | “Lecturers could sometimes better prepare for their audience. Language and

discussion vocabulary maybe so adapt that less “pitch-talk”/“business” language, but also
unexplained medical terminology is used.”
8 | Critical discourse “Critical lectures on digital developments would have been exciting.”
3 | Higher frequency “Frequency of the event (weekly instead of two-week).”
2 | Recording “Eventually recordings of lectures”
n=91 comments, multiple answers possible
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common thread between the topics and speakers was
worked on.
“The readiness for critical discussion has not been
enough for me personally; video transmission is not
working 100%.”
In the other 35 comments, the participants only expressed
their gratitude for the course and their motivation to
continue.
“Allin all, one of my best StuFu [fundamental studies]
courses. Exciting presented, up-to-date, practical with
exciting visions.”

Discussion

The purpose of this study was to create a course to pre-
pare students for the digital transformation of the
healthcare sector and to evaluate its acceptance and the
online format. Courses and curricula are also being imple-
mented at other universities that deal with digitization
and want to empower students to act in the digital age
[18]. Even if the German Government’'s Master Plan for
Medical Studies 2020 [8] does not explicitly address di-
gitization, medical students [15], medical educators, and
computer scientists [11] demand an essential consider-
ation both in terms of content and methodology in med-
ical studies.

Because of the implementation of the fundamental
studies (Studium fundamentale), Witten/Herdecke Uni-
versity has the opportunity to offer and credit such a
course for the digitization of medicine for students of
different faculties interdisciplinary and multi-profession-
ally. Thus, the often cited “view beyond the box” can be
achieved and the discussions revolve not only around
medically possible technology, but also, for example, the
economic, legal, and social aspects of the digital trans-
formation. For example, the risk of “desolidarization” [4]
was often discussed e.g. through a bonus system for
health insurance costs when using fitness trackers. Espe-
cially in such discussions, the strength of the multi-pro-
fessional approach became apparent.

While Witten/Herdecke University’s (WHU) is didactically
oriented towards small group seminars with intensive
student participation, the concept of offering a course
online was new and well received by the students. A
comparison with the evaluation of other WHU courses
was not possible as this is the online course offered. The
online participants demanded and promoted the interac-
tion familiar from the presence seminars. Many students,
in addition to internal and external experts, became active
as drivers of certain aspects of digitization. Especially this
variety should have been expanded further, so that in the
last semester (WiSe 18/19) not only a doubling of the
course dates was scheduled but also other impulses for
example from the fields of midwifery, dentistry, medical
engineering, nursing, and general medicine were included.
A dropout rate between 30 and 50% seems enormously
high at first glance, but has to do above all with the
problematic choice of courses in fundamental studies.

Many students are unable to take the courses they have
chosen in the first place because of overlaps. In addition,
the attendance check for this first online course at the
university was deliberately very strict in order not to
damage the format. This also meant that some students
could not get the credits.

In the course of the semesters, it became apparent that
an ever-increasing proportion of students preferred the
possibility of online participation to attendance. This could
be a sign of increased acceptance of the online format.
In addition, this format offers students participating in
external blocks the opportunity to acquire credits in a
course of fundamental studies.

However, it remains a great challenge to maintain the
interaction with the meanwhile very large numbers of
participants, which is why we are now working with several
moderators in addition to the initiators. In the next step
the experts, educationalists, and alumni to compare this
to the student’s view will evaluate the course.

The success of this course and format also has an impact
on the curriculum of the new model program in human
medicine at Witten/Herdecke University [14]. Especially
in sections where students cannot all be in one place,
such as in the phases of clinical rotations, virtual
classrooms will offer the possibility for joint seminars.
The subject of digitization will also form a new focus of
study. In the teaching of scientific methods in the first
four semesters, medical informatics will play an important
role. In addition, the two scientific papers to be prepared
can be selected from the field of “Digital Transformation
of Medicine”, as well as the specialization on a 3x4 week
track in the semesters 7 to 9. Since the course presented
here made it clear how important an interdisciplinary and
multi-professional approach is, the students of the “Digjtal
Medicine” track will work closely with the students of the
recently accredited “Digital Transformation and Social
Responsibility” Master’s Program [29]. Students of both
curricula will work on projects together and exchange
ideas in seminars.

In our opinion, the discussion of whether the digital
transformation becomes reality and if it will also include
the health system makes little sense based on the rapid
progress and the many new opportunities, likewise a
discussion whether the digitization is “good or bad”.
Nevertheless, it is important to discuss, how these
changes are happening, and it is up to the medical com-
munity to minimize risk and maximize opportunities. For
this, it is essential that students in their studies and
doctors in the training and continuing education are able
to act and shape. This is a clear mandate for medical
societies, self-governing bodies and universities.

GMS

gmdsl

GMS Medizinische Informatik, Biometrie und Epidemiologie 2019, Vol. 15(1), ISSN 1860-9171

6/8



Ehlers et al.: Digital transformation of medicine - experiences with ...

Notes 12. Hahn E. Telemedizin und Fernbehandlungsverbot - Eine
Bestandsaufnahme zur aktuellen Entwicklung. MedR. 2018
Jun;36(6):384-391. DOI: 10.1007/s00350-018-4932-x
Survey Ianguage 13. Herrmann M, Boehme P, Mondritzki T, Ehlers JP, Kavadias S,
Truebel H. Digital Transformation and Disruption of the Health
Originally, online questionnaire and feedback interview Care Sector: Internet-Based Observational Study. J Med Internet
were in German. Answers and comments taken from them Res. 2018 03;20(3):¢104. DOI: 10.2196/jmir.9498
have been translated for this article. 14. Hillebrand E, Boehme P, Ehlers JP. Quo vadis Medizinstudium?
Digitale Versorgung als zentraler Bestandteil der Ausbildung -
: H Das Beispiel Uni Witten/Herdecke. In: Der digitale Patient.
Com petl ng Inte rests Gutersloh: Bertelsmann Stiftung; 2018 Feb 08 [last accessed
2019 Feb 22]. Available from: https://blog.der-digitale-
The authors declare that they have no competing in- patient.de/quo-vadis-medizinstudium-uni-witten/
terests. 15.  Hillienhof A. Digitalisierung: Umfassende Integration. Dtsch
Arztebl Medizin studieren. 2018;(1):31. Available from: https://
www.aerzteblatt.de/pdf.asp?id=197171
References 16.  Kilani A, Hamida AB, Hamam H. Artificial Intelligence Review. In:
Khosrow-Pour M, editor. Encyclopedia of Information Science
1. A digital revolution in health care is speeding up. The Economist. and Technology. Fourth ed. Hershey: IGI Global; 2018. p.106-
2017 Mar 03 [last accessed 2019 Feb 22]. Available from: 119. DOI: 10.4018/978-1-5225-2255-3.ch010
https://www.economist.com/business/2017/03/02/a-digital-
revolution-in-health-care-is-speeding-up 17. Koch M, Fischer MR, Tipold A, Ehlers JP. Can online conference
systems improve veterinary education? A study about the
2. Abel J. Kompetenzentwicklungsbedarf flr die digitalisierte capability of online conferencing and its acceptance. J Vet Med
Arbeitswelt. Dlsseldorf: FGW - Forschungsinstitut fir Educ. 2012;39(3):283-96. DOI: 10.3138/jvme.0911-097R
gesellschaftliche Weiterentwicklung e.V.; 2018. (FGW-Studie
Digitalisierung von Arbeit; 09). Available from: http://www.fgw- 18. Kuhn S. Medizin im digitalen Zeitalter: Transformation durch
nrw.de/fiIeadmin/user_upload/FGW—Studie—I40—O9-AbeI—kompIett— Blldung Dtsch Arztebl. 2018,115(14)A-633-8 Available from:
web.pdf https://www.aerzteblatt.de/pdf.asp?id=197293
3. Ahmed I, Ahmad NS, Ali S, Ali S, George A, Saleem Danish H, 19. Loh E. Medicine and the rise of the robots: a qualitative review
Uppal E, Soo J, Mobasheri MH, King D, Cox B, Darzi A. Medication of recent advances of artificial intelligence in health. BMJ Leader.
Adherence Apps: Review and Content Analysis. JMIR Mhealth 2018;2(2):59-63. DOI: 10.1136/leader-2018-000071
Uhealth. 2018 Mar;6(3):e62. DOI: 10.2196/mhealth.6432 20. Mettler L, Schollmeyer T, Boggess J, Magrina JF, Oleszczuk A.
4. Albrecht P. Tarifierung in der Privatversicherung: Big Data, Robotic assistance in gynecological oncology. Curr Opin Oncol.
Risikoadaquanz, Solidaritat. Z Versicherwiss. 2018 2008 Sep;20(5):581-9. DOI: 10.1097,/CC0O.0b013e328307c7ec
Dec;107(5):449-67. DOI: 10.1007/512297-018-0409-2 21.  Mondritzki T, Boehme P, White J, Park JW, Hoffmann J, Vogel J,
5. Antheunis ML, Tates K, Nieboer TE. Patients’ and health Kolkhof P, Walsh S, Sandner P, Bischoff E, Dinh W, Hiser J,
professionals’ use of social media in health care: motives, Truebel H. Remote Left Ventricular Hemodynamic Monitoring
barriers and expectations. Patient Educ Couns. 2013 Using a Novel Intracardiac Sensor. Circ Cardiovasc Interv. 2018
Sep;92(3):426-31. DOI: 10.1016/j.pec.2013.06.020 May;11(5):¢006258. DOI:
10.1161/CIRCINTERVENTIONS.117.006258
6. Boehme P, Hansen A, Roubenoff R, Scheeren J, Herrmann M, .
Mondritzki T, Ehlers J, Truebel H. How soon will digital endpoints ~ 22-  Pinz A. Uberlegungen zum Entwurf von Software fur Digitale
become a cornerstone for future drug development? Drug Discov Bildverarbeitungssysteme. In: Mustererkennung: Medizin,
Today. 2019 01;24(1):16-9. DOI: 10.1016/j.drudis.2018.07.001 Sprachanalyse, Rechnerarchitektur. 1985. p. 100-115.
7. Bostrom N. Superintelligence: Paths, Dangers, Strategies. Berlin: ~ 23-  Rassweiler JJ, Goezen AS, Rassweiler-Seyfried MC, Liatsikos E,
Suhrkamp; 2016. Bach T, Stolzenburg JU, Klein J. Der Roboter in der Urologie -
eine Analyse aktueller und zukinftiger Gerategenerationen
8. Bundesministerium fir Bildung und Forschung (BMBF). [Robots in urology-an analysis of current and future devices].
Masterplan Medizinstudium 2020. [last accessed 2019 Feb 22]. Urologe A. 2018 Sep;57(9):1075-90. DOI: 10.1007/s00120-
Available from: https://www.bmbf.de/de/masterplan- 018-0733-0
medizinstudium-2020-4024.html
24. Rivas H und Wac K. Digjtal Health: Scaling Healthcare to the
9. Cai Y, Huang T. Accelerating precision medicine through genetic World. New York: Springer; 2018.
and genomic big data analysis. Biochim Biophys Acta Mol Basis
Dis. 2018 Jun;1864(6 Pt B):2215-17. DOI: 25.  Rubanovich CK, Cheung C, Mandel J, Bloss CS. Physician
10.1016/j.bbadis.2018.03.012 preparedness for big genomic data: a review of genomic medicine
education initiatives in the United States. Hum Mol Genet. 2018
10.  Chockley K, Emanuel E. The End of Radiology? Three Threats to 08;27(R2):R250-R258. DOI: 10.1093/hmg/ddy170
the Future Practice of Radiology. J Am Coll Radiol. 2016
Dec;13(12 Pt A):1415-20. DOI: 10.1016/j.jacr.2016.07.010 26. Scott Kruse C, Karem P, Shifflett K, Vegi L, Ravi K, Brooks M.
Evaluating barriers to adopting telemedicine worldwide: A
11. HaagM, Igel C, Fischer MR; Gesellschaft flir Medizinische systematic review. J Telemed Telecare. 2018 Jan;24(1):4-12.
Ausbildung (GMA) / Ausschuss ,Digitalisierung - Technologie- DOI: 10.1177/1357633X16674087
unterstutztes Lernen und Lehren“; Gemeinsame Arbeitsgruppe
Technologiegestiitztes Lehren und Lernen in der Medizin (TeLL)“ 27.  Thranberend T, Busse S. Gesundheits-Apps: Pille der Zukunft?
der Deutschen Gesellschaft fiir Medizinische Informatik, - Open Online Session im Video. In: Der digitale Patient.
Biometrie und Epidemiologie (gmdS) und der Gesellschaft fur Gutersloh: Bertelsmann Stiftung; 2018 Jul 24 [last accessed
Informatik (Gl). Digital Teaching and Digital Medicine: A national 2018 Aug 15]. Available from: https://blog.der-digitale-
initiative is needed. GMS J Med Educ. 2018;35(3):Doc43. DOI: patient.de/open-online-session-video/
10.3205/zma001189
GMS gmdsl GMS Medizinische Informatik, Biometrie und Epidemiologie 2019, Vol. 15(1), ISSN 1860-9171 7/8



http://www.fgw-nrw.de/fileadmin/user_upload/FGW-Studie-I40-09-Abel-komplett-web.pdf
http://www.fgw-nrw.de/fileadmin/user_upload/FGW-Studie-I40-09-Abel-komplett-web.pdf
http://www.fgw-nrw.de/fileadmin/user_upload/FGW-Studie-I40-09-Abel-komplett-web.pdf

Ehlers et al.: Digital transformation of medicine - experiences with ...

28. Topol EJ. Transforming medicine via digital innovation. Sci Transl|
Med. 2010 Jan;2(16):16cm4. DOI:
10.1126/scitransimed.3000484

29. Universitat Witten/Herdecke. Digital Transformation and Social
Responsibility (M.A.). [last accessed 2019 Feb 22]. Available
from: https://www.uni-wh.de/en/uwh-international/university/
faculty-of-humanities-and-arts/digital-transformation-social-
responsibility-ma/

30. Universitat Witten/Herdecke. Studium fundamentale. [last
accessed 2019 Feb 22]. Available from: https://www.uni-wh.de/
kultur/studium-und-lehre/studium-fundamentale/
#besonderheiten

31.  Willis CE. Computed Radiographic Images and Artifacts. In: Siegel
EL, Kolodner RM, editors. Filmless Radiology. New York: Springer;
2001. p. 137-138

Corresponding author:

Prof. Dr. Jan P. Ehlers

Institute for Didactics and Educational Research in
Healthcare, Medicine Department, Faculty of Health,
Witten/Herdecke University, Alfred-Herrhausen-Str. 50,
58448 Witten, Germany

jan.ehlers@uni-wh.de

Please cite as

Ehlers JP, Herrmann M, Mondritzki T, Truebel H, Boehme P. Digital
transformation of medicine - experiences with a course to prepare
students to seize opportunities and minimize risks. GMS Med Inform
Biom Epidemiol. 2019;15(1):Doc06.

DOI: 10.3205/mibe000200, URN: urn:nbn:de:0183-mibe0002009

This article is freely available from
https.//www.egms.de/en/journals/mibe/2019-15/mibe000200.shtml

Published: 2019-08-26

Copyright

©2019 Ehlers et al. This is an Open Access article distributed under
the terms of the Creative Commons Attribution 4.0 License. See license
information at http;//creativecommons.org/licenses/by/4.0/.

GMS gmdsl

GMS Medizinische Informatik, Biometrie und Epidemiologie 2019, Vol. 15(1), ISSN 1860-9171

8/8



