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PREFACE & ACKNOWLEDGEMENTS

Back in 2006, when we initiated regular workshops on information and
communication technology applications for medical education at the Faculty 
of Medicine of Masaryk University (Brno, Czech Republic), we had the good
fortune of collaborating with highly dedicated groups of individuals from
nine other medical faculties in the Czech Republic and Slovakia. In this man-
ner, MEFANET (Medical Faculties NETwork) evolved from its humble begin-
ning in 2006 and 2007 onto the international network platform. Today, all of 
the eleven medical faculties in both countries are domained in the network
and an additional four faculties—focused on ±health care and biomedical sci-
ences—have recently joined MEFANET. Y e present-day MEFANET organizes
its own annual conference, publishes a scientifi c journal and collaborates with
other bodies throughout Europe. Cooperation in the network is contractually
guaranteed—the cooperation agreement was signed by the deans of all med-
ical faculties in 2009.

Y is book is motivated by the perceived need for an overview of how vari-
ous information systems and platforms have been designed, implemented and
used by the MEFANET community in order to support medical and health care
education with modern information and communication technologies. We
hope that this eff ort will help in promoting increased collaboration between
medical experts, educators and computer scientists, with the aim of eff ective
and effi  cient utilization of the technology in the diverse teaching and learn-
ing processes. 

Y e book is divided into four sections. A] er the fi rst section (introductory
part a), part b brings the state-of-the art overview of e-learning and medical 
simulation interventions specifi cally conceived for medical education. We begin
with a general introduction to e-learning and to the recent shi]  in paradigm
concerning medical education. chapter b2 reviews the recent literature on
the history, motivation, classifi cation and evidence of use of simulation mo-
dalities with various levels of fi delity and authenticity. chapter b3 is devoted
to the methods of quality assessment in the fi eld of digital education content.
chapters b4 and b5 cover topics that might seem, at fi rst glance, to digress
from medical education: identity federations and intellectual property rights.
We have, however, included them into this book, in order to collect answers to
many questions that we heard from medical experts and educators at various
forums, whether of informatics or legal nature. Y e second part of the book
discusses the issues raised in the introductory chapters from the MEFANET s̓
point of view. In chapter c1, we describe the MEFANET e-publishing system
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and its information discovery services. chapter c2 introduces the serious
games component of the MEFANET platform—designed for indexing metadata
about simulation-based learning objects, also known as electronic virtual pa-
tients or virtual clinical cases. chapters c3 and c4 cover topics associated
with authoring e-learning material incorporating   learn management systems
and ‘wiki way’. Finally, chapter c5 describes an original approach to stand-
ardizing and harmonizing medical curriculum in a way that it is well-struc-
tured, without gaps and overlaps. Y e last section, part d, of this book con-
tains the profi les of each faculty involved in MEFANET and interesting views 
on MEFANET s̓ activities from particular personalities.

It would not have been possible to complete the book without the great sup-
port of all authors and co-authors of the individual chapters as well as of their
reviewers. We would like to express our sincere thanks to all those who are not
indiff erent to MEFANET and to this book. Further gratitude is also extended
to all deans of the participating faculties, and to their scientifi c boards, for the 
highly valuable support that keeps the MEFANET network on the path of sus-
tained growth. It is our sincere hope that this book will be a valuable resource
for the MEFANET community and will inspire further research and develop-
ment in the vibrant area of medical education science.

November 2014, Brno      

Daniel Schwarz   Ladislav DušekL di l D š k
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WORDS FROM HONORARY ADVISORS

TERRY POULTON, MD, PHD

▶ Professor, Associate Dean for eLearning: Institute of Medical and 
Biomedical Education St George s̓ University of London, UK.

MEFANET is unique. It is an invaluable active sharing network involving all
the medical teaching institutions from 2 separate countries, and there is prob-
ably no other network with that level of ambition across Eurasia. Y e fact that 
it has survived without external funding is in itself a great achievement; that
it continues to grow, is an extraordinary testament to the single-minded de-
termination of its Coordinating Commi~ ee, and in particular its leaders Daniel
Schwarz and Ladislav Dušek. 

Simultaneously, MEFANET addresses another worldwide challenge, that of 
‘cultural preservation’. It is essential that pedagogically useful materials are 
available to fi t the specifi c needs, cultural requirements, medical practices
and languages of a country, so that we are not reduced to a one-fi ts-all style of 
education, based on the languages and medical practices of a very small num-
ber of countries.
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words from honorary advisors

PANAGIOTIS BAMIDIS, MSC, PHD

▶ Assistant Professor in Medical Education Informatics: Medical School,
Aristotle University of Y essaloniki, Greece. 

▶ Co-ordinator of EU projects mEducator, ePBLnet, LLM, Childrenhealth
(www.meducator.net; www.epblnet.eu, www.longlastingmemories.eu, 
www.childrenhealth.eu).

It is a pleasure to be in the honorary position to speak about a book by and
for MEFANET, the Czech and Slovak Medical Faculties Network, whose basic
goal is to advance medical teaching and learning by means of modern infor-
mation and communication technologies.

Y e la~ er have swiveled for quite a few years now around the term of e-learn-
ing but have undoubtedly driven several paradigm shi] s in medical education. 
What is of pivotal importance in all these developments is that they should 
be considered in tandem with pedagogy, in a multidisciplinary approach and
with a well-designed education research perspective. � is is what I liked most
in this comprehensive book on Computer Applications, Systems and Networks 
for Medical Education by Schwarz and Dušek.

In addition, the overall aim in contemporary medical education is to im-
prove and enhance the experience of medical learners by empowering them
with knowledge and skills to navigate and meaningfully interact with open 
education resources as well as with other learners. In this direction, one not
only needs innovative tools, platforms and services for medical teaching and
learning, curriculum management and student encouragement, which are very 
well described in this book. Y ere are important underlying issues like quality
assessment and authentication that abide by numerous practical but also legal 
and ethical aspects. Editors of this book, as experts in the domain, are well aware
of this notion and have shed suitable bundles of light in each of these perspectives.
� e fi nal result? A wonderful book, covering in a global way how to contemporarily
and technologically lead medical education. Congratulations to all contributors!
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RADU ILIESCU, MD, PHD, FAHA

▶ Professor of Pharmacology, Vice Chancellor for International Aff airs
and Research: University of Medicine and Pharmacy ‘Gr. T. Popa’ Iasi, 
Romania

▶ Affi  liate Assistant Professor of Physiology, Department of Physiology,
University of Mississippi Medical Center, Jackson, USA

Medical education of the today s̓ world must face and ultimately respond to
internal and external challenges manifested at multiple levels ranging from
medical educators to societal changes. Y e exponential growth in medical 
knowledge is probably best paralleled by advances in information and commu-
nication technologies. Y is book successfully accomplishes the aim to bridge
the gap between these fi elds, while providing essential tools for addressing
the current challenges in medical education worldwide. Y e reader is fi rst
provided with an in-depth overview of the state-of-the art in e-learning and 
e-publishing approaches in medical and health care fi elds, with special a~ en-
tion given to simulation technologies. Issues frequently overlooked by overly
eager implementers of these new technologies, such as quality assessment and
authentication for e-published materials and applications in medicine, are ex-
tensively reviewed. Nevertheless, this book is not only an excellent product
of theoretical analysis: it further provides detailed insight into the success
story of MEFANET. Y e reader has the opportunity to critically follow the de-
velopment and implementation of the MEFANET e-publishing system, with
special emphasis on emerging MEFANET-related education technologies and
approaches, such as the case-based learning tools or Wiki and Moodle imple-
mentations. I believe that this book authored and edited by Daniel Schwarz 
and Ladislav Dušek, the architects of MEFANET, represents in fact a standard
of good practice for the integration of information and communication tech-
nologies with medical education while also providing a framework for inter-
institutional collaborative endeavours.
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REVEALING THE IMPACT OF E-LEARNING
INTERVENTION ON MEDICAL EDUCATION

daniel schwarz, jarmila potomková

‘Live as if you were to die tomorrow. Learn as if you were to live forever.’
mahatma gandhi

Summary. Y e chapter gives a general introduction to e-learning and to the
recent shi]  in paradigm concerning medical education. Y rough several ex-
amples of famous visionaries, projects and networks focused on technology-

-enhanced learning and teaching, it is shown here that if delivered appropri-
ately, e-learning can be an eff ective and rich learning experience for the student 
with concurrent more productive and rewarding role for the teacher. Besides
the voluntary groups and networks focused on sharing and repurposing med-
ical education content, special a~ ention is given to the aspect of virtual uni-
versities and online degrees.

 ⁄ Keywords: 
▶ computer assisted instruction

and learning
▶ programmed instruction
▶ e-learning
▶ computers in medical education
▶ content indexing, sharing

and repurposing
▶ virtual universities

 ⁄ Reviewer: 
▶ vladimír mihál
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VISIONARIES OF E-LEARNING IN MEDICAL EDUCATION

Although the advent of e-learning is o] en associated with the Internet boom
and global increase in personal computers, its origins can be traced back to
as early as the behaviourist¹ B. F. Skinner, who in 1958 came up with the the-
ory of Programmed Instruction [2]. According to Skinner, the purpose of 
programmed instruction is to ‘manage human learning under controlled condi-
tions’ [3]. It advocates a type of progressive instructional method based on the’
principle of operant conditioning, which emphasizes the concepts of rein-
forcement and chaining. Furthermore, programmed instruction is not merely
a self-directed instructional method. It emphasizes the preparation of teach-
ing material in advance in order to facilitate instruction [4]. Y e core con-
cepts of programmed instruction or learning are: (i) it delivers information
in small bites; (ii) it is self-paced by the learner; and (iii) it provides immedi-
ate feedback, both positive and negative, to the learner [5]. It was popular in
the late 1960s and through the 1970s, but pedagogical interest began to wane
in the early 1980s in the face of diffi  culties in implementation and the lack of 
comprehension of the limitations on the part of practitioners. Programmed
learning remains popular in self-teaching textbooks [6] and some of the prin-
ciples are being applied in computer assisted instruction (CAI). Computers can 
be used to present education material and help students learn through a vari-
ety of techniques such as quizzes, simulations or tests. E-learning needs to be
understood in a broader sense than computer assisted instruction or computer
assisted learning, as it can also include web-based learning, virtual classrooms,
digital collaboration, audio and video recordings, satellite or land-based broad-
casts, and even telephones.

In May 1989, G. O. Barne~  from Harvard Medical School presented the second
American College of Medical Informatics a distinguished lecture at the Ameri-
can Association for Medical Systems and Informatics Congress. Y e lecture 
focused on the use of computer technology in medical education and later, it
appeared as a viewpoint [7]. Y e lecture was framed into the metaphor that
medical education is in a diseased state and the point was to describe the signs
and symptoms, the aetiology, the complications, the possible treatment op-
tions and the expected outcome. G. O. Barne~  opened his lecture by review-
ing the symptoms: ‘Let us consider the diagnosis of the disease condition of med-
ical education by fi rst reviewing the signs and symptoms. One of the most apparent
symptoms is that medical students are rejecting the current lecture-based method
of education. Prior to the curriculum reforms at Harvard Medical School known as

1 Behaviorist theories of learning aims to shape behavior into predetermined pa~ erns by 
strengthening stimulus-response bonds [1].
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the New Pathway, the three to fi ve lectures each day were very poorly a� ended, and 
those students who did a� end exhibited evidence of severe sleep deprivation. Most
medical students have a liberal arts background, which means they are used to a large 
amount of independent study. � e students felt that the passive didactic education
strategy was neither appropriate nor acceptable and therefore, deemed that the lec-
tures were not worthy of their participation.’ [7] One of the symptoms was iden-’
tifi ed as poor integration of the basic science content from the fi rst two years
with material included in the last years focusing on clinical medicine. Y e
aetiology of the diseased state of medical education was stated as compris-
ing of fi ve main components: (i) information explosion in medical knowledge 
that placing highly challenging time demands on the curriculum; (ii) strongly
tradition-oriented environment that was very resistant to change; (iii) the de-
partmental organization of medical curriculum where any modifi cation was
a process of negotiation; (iv) the changing nature of medical practice with 
rapid metamorphosis of hospital-based practice to ambulatory practice and
decrease in faculty time available for teaching medical students in the clas-
sic apprenticeship mode in a hospital environment; (v) failure to appreciate 
that medical students are adults and learn more eff ectively when considered
as adults. Y e treatment of the disease in medical education proposed by Bar-
ne~  required a number of changes in the curriculum and in the priorities of 
medical schools, including long-term fi nancial support for the development of 
information technology applications in medical education. Y e following three
IT applications were proposed as important elements of the proposed treat-
ment plan: (i) computer-assisted access to bibliographic literature; (ii) com-
puter-based compendium of medical content, comprehensively indexed by 
medical concepts relevant to specifi c medical problems; (iii) computer-based
simulations—as one can best learn to solve problems by problem solving and
not by passive activities such as lectures or reading. From today s̓ perspective,
G. O. Barne~  envisioned the use of evidence-based medicine, courseware or
learn management systems, and virtual patients more than 25 years before this
book was wri~ en—when Internet was only in its infancy.

Today almost every medical student spends part of the day online searching,
using Google or some other engine for information on a topic, communicating 
with a colleague or teacher, or studying a unit, module or an electronic course 
developed in their institution or elsewhere. E-learning has grown in popularity
because of its convenience and fl exibility and because of the increasing avail-
ability of computers and the studentsʼ familiarity with them. A legitimate as-
piration of e-learning is to make existing approaches to teaching and learning 
more eff ective and effi  cient. If this is to be achieved, e-learning implementa-
tion has to be monitored and managed by staff  with the necessary education,
technology and content expertize. Y ere is no doubt, that if delivered appro-
priately, e-learning can be eff ective and can enrich the learning experience 
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for the student while, at the same time, allowing the teacher to take on more
productive and rewarding roles [8]. Implications of the new learning tech-
nologies are profound. E-learning provides a bridge between the cu~ ing edge 
of education and training and outdated procedures embedded in institutions
and professional organizations. Y ere are important implications too for glo-
balization in medical education, for interdisciplinary education, and for con-
tinuous education from undergraduate to postgraduate and further to con-
tinuing education [9].

MEDICAL EDUCATION CONTENT: SHARING AND REPURPOSING

To date, Internet has quickly spread into a very large scale hypertext infor-
mation space where diff erent types of users can search and fi nd information 
in various domains. Access is now available to a wealth of free online educa-
tion materials in the education/instructional domain. Tutors can use these re-
sources in their teaching and students can use them to support their learning.
A student is likely to fi rst browse the web looking for relevant open-access re-
sources. Y is scenario is true across all subject domains—the Internet has be-
come an important tool within education [10]. Using the Internet is the norm 
for today’s university students and several reasons exist justifying the use of 
this phenomenon as a source of learning. According to M. Geueke et al. [11],
the Internet promises many advantages: access from all over the world with
low-cost technical infrastructure; independence from proprietary hardware
and so] ware solutions by means of a common browser as the front-end; inde-
pendence from time restrictions as material is available 24 hours a day, 7 days
a week without any technical necessity for downtime.

Despite numerous eff orts put forward in the area of health education con-
tent development, description, and sharing, only recently solutions have been
put forward that are clear and standards-based for seamless sharing of health 
education content covering contemporary approaches like games and scenario-

-based learning. For example, the best practice network mEducator [12], one of 
the recently completed successful projects in this domain, has developed and
compared two alternative and contemporary approaches, including techno-
logical frameworks, for achieving content sharing, namely: mEducator 2.0,
based on Web 2.0 technologies and mashups and mEducator 3.0, based on se-
mantic web technologies and linked data. Y e mEducator project has managed 
to provide mechanisms for multi-type content publishing, discovery and re-
trieval. Y e project analyzed the policies and mechanisms for content evalu-
ation, rating, and renewal and repurposing, elaborated on intellectual property 
rights for education material and tested the impact of true interoperability, 
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repurposing, enrichment, and embedding of a variety of highly a~ ractive and
up-to-date learning resources. Y e mEducator provided recommendations on 
how to implement interoperable education content discovery and retrieval net-
works, implemented and extended the specifi cations and standards on a crit-
ical mass of medical education content types and provided recommendations
for standards adoption and promotion across the world [13, 14]. 

MEFANET [15] has established itself as the standard se~ ing body for med-
ical educators in the Czech Republic and Slovakia—two independent countries
that once comprised a federation, having similar languages and still managing 
to retain the same curricular structure for medical education. One of the basic
goals of the network is to advance medical teaching and learning with the use 
of modern information and communication technologies. As an instrument,
MEFANET has decided to develop an original and uniform solution for edu-
cation web portals that are used, together with a central gateway, to off er and
share digital education content. Students—about 16 500 potential users and
academic staff —about 3900 potential users from all Czech and Slovak medical 
faculties—can fi nd their e-learning materials at eleven standalone facultiesʼ
instances of education portal with the use of the indexing and searching en-
gine MEFANET Central Gateway [16]. High-quality digital education contents
production has become a ma~ er of prestige at medical schools in the Czech Re-
public and Slovakia, and the volume of teaching and learning materials avail-
able is growing rapidly—thanks to the MEFANET project and its e-publish-
ing platform [17], which has been continuously developed and adopted to the 
needs of the MEFANET community since 2007. Y e fundamental elements and
extensions of the e-publishing platform are described in detail in chapter c1.

PARADIGM SHIFT IN MEDICAL EDUCATION

Medicine has the reputation of being a conservative discipline. A character-
ization like this does not refer to the disciplinary content that has always been 
on the forefront of scientifi c innovation. It refers to how learning and teaching 
is supported via policies and education practices, and this is clearly refl ected in 
recent research. Medical education has been constantly evolving by gradually, 
but signifi cantly, shi] ing from traditional methods (textbooks, lectures, bed-
side teaching) to more comprehensive approach, which also employs modern
ICT tools (e-learning, interactive algorithms, computer simulations, virtual
patients). Such approach has been demonstrated to enhance and improve the 
learning skills of medical students and residents in comparison to tradition-
al methods [18–21]. Several ancillary factors in medicine and medical educa-
tion have also contributed signifi cantly to these trends; in particular, the rapid
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development of new technologies and the generally preferred shorter hospital 
stays, which reduces student exposure to a given case or diagnosis. Bedside
teaching with evidence-based practice elements, supported by e-learning ac-
tivities, were demonstrated to play an important role in modern medical edu-
cation [22]. Students do not see e-learning as replacing traditional  instruct-
or-led training but as a complement to it, forming part of a blended-learning²
strategy [24]. Economic effi  ciencies of web-based education and traditional 
face-to-face education approaches were compared under randomized con-
trolled trial conditions in Maloney et al. [25] and it was shown that the web-
based education approach was clearly more effi  cient from the perspective of 
the education provider. 

Although most of the modern interactive tools are intended for extending 
and supplementing the traditional methods rather than replacing them, they
have undoubtedly brought a number of advantages, such as equal and easy ac-
cess for students to all diagnoses, simulation of a variety of real-life situations, 
comprehensive interdisciplinary learning, and higher level of comfort for hos-
pitalized patients. Simulation-based learning also provides the unique oppor-
tunity of practicing knowledge application in manner that mimics real-time
patient care and concurrently, poses no risk to the patient [26, 27]. On the other
hand, developing simulations and e-learning materials requires investment of 
the time of skilled professionals (physicians, teachers, programmers) and it
is, therefore, inherent to ensure that the time and resources expended is duly
justifi ed by the education impact [28]. Furthermore, the developed tools are
o] en accepted uncritically and with emphasis on technological sophistication 
at the expense of the underlying psycho-pedagogical theories [18].

Most of the digital teaching described in recent literature has been prepared
as web-based works, since web technologies allow for easy incorporation of 
multimedia objects, interactive algorithms, animated simulations, etc. Such
web-based learning objects may then be easily accessed from any computer
and by a defi ned target audience (e.g. students of a particular medical school or
course). Y e developed tools and simulations cover a wide range of medical dis-
ciplines, such as critical care [29, 30] and acute medicine [31, 32], cardiology [20],
haema tology [18], neurology [33], surgery [34] metabolic disorders [19, 35],
imaging methods [36, 37], and cytogenetics [38]. Internet education resources
for intensive care medicine were reviewed by Kleinpell et al. [29], who demon-
strated that most of them are rather electronic forms of textbooks and art-
icles than interactive simulations. Davids et al. [28] described an interactive 

2 Blended learning is a formal education programme in which a student learns, at least in part, 
through online delivery of content and instruction with some element of student control
over time, place, path or pace. While still a~ ending the ‘brick-and-mortar’ school structure, 
face-to-face classroom methods are combined with computer-mediated activities [23].
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web-based simulation in which the user treats patients with electrolyte and
acid-base disorders, selects the therapies and doses and can immediately see 
the treatment results. chapter b2 reviews the use of simulations in medical
education in detail.

Worm and Jensen [39] recently suggested a new taxonomy to standard-
ize  e-learning material according to three diff erent types and three diff erent
levels. Y e type corresponds to the level of Bloom’s taxonomy [40] (presenta-
tions, scenarios, or games/simulations), while level refers to the multimedia 
development level, see table b1.1. Y ey performed a controlled randomized
trial on 120 medical students and found out that higher levels of e-learning
does, in fact, provide be~ er results when compared with the same type of 
e-learning at lower levels.

VIRTUAL UNIVERSITIES

Until recently, universities have been off ering higher or postsecondary edu-
cation in a similar way for centuries. Students were staying on-campus for most 
of the time to get their degrees and diplomas. Y e idea to overcome the distance 
between students and their teachers may date back to the early 18th century
in Europe. Y e fi rst real distance education courses appeared a century later,
in the 1840s, when Sir I. Pitman started teaching shorthand by mailing tran-
scribed texts and receiving feedback from his students in return for correc-
tion [41]. Rothbla~  [42] pointed out that the University of London was the fi rst
college to off er distance learning degrees as part of its External Programme 
in 1858. Y is was a fundamental step for the years to come allowing universit-
ies to organize examinations and award qualifi cations to students from other
institutions or taking self-study courses. In the fi rst several decades of the
20th century, numerous universities worldwide used correspondence courses,
and particularly a] er World War II American universities started using the 
radio as a medium for distance education [43]. In the late 1960s, the Carne-
gie Foundation supported Wedemeyer s̓ Articulated Instructional Media Pro-
ject (AIM) [44] whose main goal was to exploit various communication tech-
nologies to provide off -campus learning. Actually, this led to new models for
higher education institutions globally, including the United Kingdom, Ger-
many, France, Spain, India, Mexico, South America, Israel, Africa, Australia,
the South Pacifi c, Japan, Indonesia and Malaysia. In 1965/1966, C. Wedemeyer
had the following vision of future e-Learning with deep respect for the social
context of education [45]:
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‘… the extension student of the future will probably not “a� end” classes; rather, the
opportunities and processes of learning will come to him. He will learn at home, at
the offi  ce, on the job, in the factory, store, or salesroom, or on the farm.’

‘… the teacher will reach students not only in his own state or region but nation-
ally as well, since the media and methods employed by him in teaching will remove
the barriers of space and time in learning …’

In parallel, there were the then government supported a~ empts in the United 
Kingdom to establish the Open University that accepted its fi rst 25 000 students 
in 1971 due to the strong open admissions policy. It performed radical changes 
in the scope of the correspondence programme and became a valuable learn-
ing alternative to traditional form of education. It has been a leader in the de-
velopment of technologies to enhance distance learning services and still re-
mains the largest such institution worldwide [46].

Dynamic development and spread of information and communication tech-
nology, in particular the Internet and the world wide web, have made dis-
tance learning easier and faster. At the threshold of the new Millennium it 
was evident that technology was having an irreversible impact on universit-
ies and institutions of higher education around the globe. Y e position of dis-
tance learning within the higher education community was strengthened, but
still there was a lot to learn on how to improve teaching/learning processes
at a distance [47].

New terms began to emerge, e.g. e-learning institution, networked university, 
or virtual university all denoting more or less the same—distance or fl exible
education. Wikipedia defi nes virtual university as follows: ‘A virtual university
provides higher education programmes through electronic media, typically the Inter-
net. Some are bricks-and-mortar institutions that provide online learning as part of 
their extended university courses while others solely off er online courses. � ey are re-
garded as a form of distance education. � e goal of virtual universities is to provide
access to the part of the population who would not be able to a� end a physical cam-
pus, for reasons such as distance—where students live too far from a physical campus 
to a� end regular classes; and the need for fl exibility—some students need the fl exib-
ility to study at home whenever it is convenient for them to do so…’ [48].

It might seem that the advances in virtual higher education were pushed
forward by technology alone; there is, however, another very important fea-
ture, namely access to course content. In 2000, the Massachuse~ s Institute
of Technology (MIT) faculty and administration decided to publish the core
content of all MIT courses on the web [49]. Named OpenCourseWare (OCW),
it includes thousands of items, i.e. syllabi, reading lists, lecture notes, assess-
ments and video lectures, being accessed by millions of students, teachers and
the general public per year. To be used globally, some of the courses are being
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translated into diff erent languages. Since MIT established this site, around 90 
universities and colleges from 14 countries of the world have accepted OCW
and created a consortium (OCWC) to share course materials. Students and the 
faculty affi  liated with other universities may look to OCW to enrich their un-
der standing of the courses they are taking or teaching, and nonstudents can
exploit them for self-learning [50].

In accordance with the fi ndings of Khakar [51], one can distinguish several
types of institutions in terms of organization and management:
▶ Single-mode, pure virtual institutions where courses are designed and

delivered to distance learners.
▶ Dual-mode institutions that alongside conventional on-campus classes

also deliver virtual education to non-traditional students.
▶ Mixed-mode institutions with both conventional and distance education 

supervised by the same academic members.
▶ Collaborative virtual university (CVU) where several institutions are 

grouped together nationally or internationally to share resources and 
off er distance teaching/learning under single management.

Last but not the least, there is the important issue of online degree for most
potential students. Usually, it is an academic degree, but it may include high
school diploma or non-degree certifi cate according to the type of course.  On-
line degree means that it is achieved primarily and completely via internet-

-connected computers rather than the standard on-campus process. 
Based on the experience from the international project MENU (Model for

a European Networked University for e-learning) [52], there are some key re-
commendations for academics and project leaders who are planning to develop 
a collaborative virtual university:
▶ Selection of professional, competent partnerships;
▶ Start with few partners, let the team and network expand step by step;
▶ All partners must understand the goal to be achieved;
▶ Defi nition of target user group(s);
▶ Administration/partnership agreement;
▶ Concentrate on the learning environment:

▶ Diff erent pedagogical methods;
▶ Effi  cient learning tools;
▶ Blended learning as a relevant alternative;

▶ Training of staff  is inevitable;
▶ Allocation of extra costs for the early stages of transition to new 

methods;
▶ Flexibility to accept new emerging technologies.
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DISCUSSION & CONCLUSIONS

Medical education is unique in the sense that apart from ordinary teaching
and learning interactions, it includes the notion of clinical apprenticeship
and acquisition of clinical skills. Y e old-fashioned way of teaching know-
ledge based curriculum focusing on biosciences followed by clinical experi-
ence is no longer satisfactory for medical education. Y e need for transition 

table b1.2 Useful links to particular virtual university projects.

Course level URL

Open University—UK h~ p://www3.open.ac.uk/about/

Open Universiteit Nederland h~ p://www.ou.nl

Y e Finnish Virtual University h~ p://www.virtualcampuses.eu/index.php/
Finnish_Virtual_University

Canadian Virtual University h~ p://www.cvu-uvc.ca/english.html

Open Universities Australia h~ p://www.open.edu.au/

Norwegian Network University h~ p://www.nvu.no/nvu.php

United Nations University—Global Virtual
University h~ p://dev.grida.no/gvu/pdf/brochure.pdf

Global Virtual Univeristy h~ p://www.virtualcampuses.eu/index.php/
Virtual_Global_University

Virtual Surgical University h~ p://www.websurg.com/about_us/index.php

Université Numérique Francophone des Sciences 
de la Santé et du Sport h~ p://umvf.cerimes.fr/

Virtual Bulgarian University h~ p://www.bvu-bg.eu/index.php
?Clip=univ&lng=eng

table b1.1 Levels of e-learning according to Worm and Jensen [39].

Course level

Level 1 Text, images, audio, simple interactivities for content presentation. Template layout.

Level 2 Level 1 + video and simple animations. Fewer pages with template layout.

Level3 Complex animations, high-fi delity/3D graphics, multilevel and multivariable interactions.
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from traditional classroom learning approaches to active learning using self-
-directed, personalized collaborative learning environments is now evident 
more than ever before. 

It is beyond doubt that virtual reality has embraced numerous areas of human
activities and proved itself practical in terms of effi  ciency and as an a~ ractive
teaching tool. In medical education, there are special advantages of using vir-
tual reality technology to create conditions for repeated training without risk 
or harm to patients, thus enhancing its education quality [54].

In concert with published experience [55], medical multimedia curricula,
courses and knowledge modules should be frequently monitored by their de-
velopers to analyse the student perceived values of e-learning medical ses-
sions. It may happen that the initial enthusiasm of the users will change due
to overuse of multimedia content, e.g. animations and videos, which should
complement rather than replace reading materials. Moreover, conversion of 
teaching materials for use in the multimedia environment is a time-consum-
ing task for teachers. In medical education, it seems more practical to provide
access to the education material online during normal curriculum when com-
pared to a pure virtual mode.

From the organizational point of view, it may be alleged that virtual uni-
versities have become a real option in the fi eld of higher education. Much ef-
fort is needed, however, to transform traditional universities in order to off er
online programmes. Until present, there has been a gap in methodological ap-
proaches and theoretical models on how to manage purely virtual universities.
Y ese require virtual teams contrary to distance institutions that are depend-
ent on an industrial model when large numbers of students/clients are taught 
by few trainers [56], mostly without any mutual communication. In contrast,
virtual universities are based on e-learning activities taking place in a virtual 
campus under thorough guidance of tutors and/or academic advisors [57]. For
future sustainable development of virtual universities, there is an urgent need 
to propose and implement a viable management model of teaching staff  co-
ordination to provide relevant education services. It is also inevitable to elab-
orate the guidelines for eff ective leadership of distributed academic workforce.

Sharing of education resources over the web has been a key development
recently for educators as well as learners. Several standards and recommenda-
tions for indexing, sharing and repurposing education web resources have been 
introduced by at least two international projects: mEducator and MEFANET. Y e
methods and tools utilized in MEFANET are described in detail in chapter c1.
In order to move from voluntary communities and networks, such as MEFANET
or mEducator, towards virtual universities providing higher education qual-
ifi cations and degrees, there is still much to be done in the fi eld of e-assess-
ment of studentsʼ skills and knowledge as well as in the fi eld of digital content
quality evaluation. Y e assessment of e-learning tools and distance education
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is diffi  cult, because there is no reference to a golden standard and the use of 
controlled randomized trial is almost impossible in practice [53]. Digital con-
tent quality evaluation is further elaborated and discussed in chapter b3. 
Another area requiring creative work is mapping the web education resources
to the learning units, learning outcomes and e-courses, which together com-
pose the curriculum of medical education. chapter c5 comes up with a new
platform for curriculum mapping and management.

REFERENCES

[1] N. J. entwistle,  Styles of learning and teaching: an integrated outline of educational
psychology for students, teachers and lecturers, Wiley, Chichester, New York, 1981.

[2] G. D. bailey,  ed., Computer-based integrated learning systems, 
Educational Technology Publications, Englewood Cliff s, NJ, 1993.

[3] A. pritchard,  Ways of learning: learning theories and learning styles in the classroom,
2nd ed, Routledge, Abingdon, Oxon; New York, NY, 2009.

[4] Y. F. chen, H. E. mo,  Is Studentsʼ Learning Improved by Computer- Assisted Programmed
Instruction? An Experiment in Blended Learning, Greener J. Educ. Res. 2 (2012) 042–053.

[5] A. ravenscroft,  Designing E-learning Interactions in the 21st Century: 
revisiting and rethinking the role of theory, Eur. J. Educ. 36 (2001)  133–156.

[6]  ‘Programmed learning’, Wikipedia, the free encyclopedia.
h~ p://en.wikipedia.org/wiki/Programmed_learning (accessed June 27, 2014).

[7] G. O. barnett,  Information technology and medical education,
J. Am. Med. Inform. Assoc. 2 (1995) 285–291.

[8] R. M. harden,  E-learning-caged bird or soaring eagle? Med. Teach. 30 (2008) 1–4.
[9] R. M. harden,  A new vision for distance learning and continuing medical education, 

J. Contin. Educ. Health Prof. 25 (2005) 43–51.
[10] A. woukeu, G. wills, G. conole, L. carr, S. kampa, W. hall, Ontological Hypermedia

in Education: A framework for building web-based educational portals, in: ED-MEDIA 
2003-World Conference on Educational Multimedia, Hypermedia & Telecommunications, 2003.

[11] M. geueke, J. stausberg,  A meta-data-based learning resource server for medicine,
Comput. Methods Programs Biomed. 72 (2003) 197–208.

[12] P. bamidis, E. kaldoudi, C. pattichis,  mEducator: A Best Practice Network 
for Repurposing and Sharing Medical Educational Multi-type Content, 
in: L. camarinha-matos, I. paraskakis, H. afsarmanesh (Eds.), 
Leveraging Knowl. Innov. Collab. Netw., Springer Berlin Heidelberg, 2009: pp. 769–776. 

[13] E. kaldoudi, N. dovrolis, S. konstantinidis, P. bamidis,  
Social Networking for Learning Object Repurposing in Medical Education,
J. Inf. Technol. Healthc. 7 (2009) 233–243.



b1 ⇒ 41

revealing the impact of e-learning intervention on medical education

[14] E. kaldoudi, N. dovrolis, S. konstantinidis, P. bamidis, 
 Depicting Educational Content Repurposing Context and Inheritance, 
IEEE Trans. Inf. Technol. Biomed. 15 (2011) 164–170.

[15] D. schwarz, L. dušek,  Y e MEFANET Project.
h~ p://www.mefanet.cz/index-en.php (accessed February 20, 2013).

[16]  MEFANET Central Gateway. h~ p://portal.mefanet.cz/index-en.php
(accessed February 21, 2013).

[17] M. komenda, D. schwarz, J. feberová, S. štípek, V. mihál, L. dušek, 
Medial faculties educational network: Multidimensional quality assessment,
Comput. Methods Programs Biomed. 108 (2012) 900–909.

[18] A. holzinger, M. D. kickmeier-rust, S. wassertheurer, M.  hessinger, 
Learning performance with interactive simulations in medical education: 
Lessons learned from results of learning complex physiological models 
with the HAEMOdynamics SIMulator, Comput. Educ. 52 (2009) 292–301.

[19] R. wong, H. lochnan,  A web-based simulation of a longitudinal
clinic used in a 4-week ambulatory rotation: a cohort study, 
BMC Med. Educ. 9 (2009) 1–12.

[20] A. subramanian, M. timberlake, H. mittakanti, M. lara, M. L. brandt,
Novel Educational Approach for Medical Students: Improved Retention Rates Using
Interactive Medical So] ware Compared with Traditional Lecture-Based Format,
J. Surg. Educ. 69 (2012) 253–256.

[21] J. potomkova, V. mihal, D. schwarz,  Medical Education for YouTube 
Generation, in: S. kofuji, ed., E-Learning—Engineering, On-Job Training 
and Interactive Teaching, InTech, 2012. h~ p://www.intechopen.com/
books/e-learning-engineering-on-job-training-and-interactive-teaching/
medical-education-for-youtube-generation (accessed May 15, 2014).

[22] J. potomkova, V. mihal, J. zapletalova, D. subova,   
Integration of evidence-based practice in bedside teaching
paediatrics supported by  e-learning, Biomed. Pap. 154 (2010) 83–88.

[23]  ‘Blended learning’, Wikipedia, the free encyclopedia. 
h~ p://en.wikipedia.org/wiki/Blended_learning (accessed June 28, 2014).

[24] J. G. ruiz, M. J. mintzer, R. M. leipzig,  Y e impact of E-learning in medical
education, Acad. Med. J. Assoc. Am. Med. Coll. 81 (2006) 207–212.

[25] S. maloney, R. haas, L. J. keating, E. molloy, B. jolly, J. sims, et al., Breakeven, Cost
Benefi t, Cost Eff ectiveness, and Willingness to Pay for Web-Based Versus Face-to-Face
Education Delivery for Health Professionals, J. Med. Internet Res. 14 (2012) e47.

[26] M. B. brett-fleegler, R. J. vinci, D. L. weiner, S. K. harris, 
M.-C. shih, M. E. kleinman,  A Simulator-Based Tool Y at Assesses Pediatric 
Resident Resuscitation Competency, Pediatrics. 121 (2008) e597–e603.

[27] S. pothiawala, F. lateef,  Simulation training in emergency medicine (STEM): 
an integral component of residency curriculum, Hong Kong J. Emerg. Med. 19 (2012) 41–45.



42 ⇐ b1

revealing the impact of e-learning intervention on medical education

[28] M. R. davids, U. M. E. chikte, M. L. halperin,  Development and evaluation 
of a multimedia e-learning resource for electrolyte and acid-base disorders,
Adv. Physiol. Educ. 35 (2011) 295–306.

[29] R. kleinpell, E. W. ely, G. williams, A. liolios, N. ward, S. A. tisherman,  
Web-based resources for critical care education, Crit. Care Med. 39 (2011) 541–553.

[30] J. creutzfeldt, L. hedman, L. heinrichs, P. youngblood, L. felländer-tsai,  
Cardiopulmonary Resuscitation Training in High School Using Avatars in Virtual Worlds: 
An International Feasibility Study, J. Med. Internet Res. 15 (2013) e9.

[31] D. schwarz, P. štourač, M. komenda, H. harazim, M. kosinová, J. gregor,  et al., 
Interactive Algorithms for Teaching and Learning Acute Medicine in the Network
of Medical Faculties MEFANET, J. Med. Internet Res. 15 (2013) e135.

[32] P. stourac, H. harazim, D. schwarz, I. krikava, M. komenda, R. stoudek,  et al.,
AKUTNE.CZ algorithms and SEPSIS-Q scenarios as interactive tools for problem 
based learning sessions in medical education, MEFANET J. 1 (2013) 61–73.

[33] A. nathoo, P. goldhoff, J. quattrochi,  Evaluation of an  Interactive Case-based
Online Network (ICON) in a Problem Based Learning Environment,
Adv. Health Sci. Educ. 10 (2005) 215–230. 

[34] E. L. servais, W. W. lamorte, S. agarwal, W. moschetti, S. K. mallipattu, 
S. L. moulton,  Teaching Surgical Decision-Making: An Interactive, 
Web-Based Approach, J. Surg. Res. 134 (2006) 102–106.

[35] F. al-jasmi, L. moldovan, J. T. clarke,  Hunter disease eClinic: 
interactive, computer-assisted, problem-based approach to independent
learning about a rare genetic disease, BMC Med. Educ. 10 (2010) 72.

[36] M. A. roubidoux, C. M. chapman, M. E. piontek,  Development and evaluation 
of an interactive web-based breast imaging game for medical students, 
Acad. Radiol. 9 (2002) 1169–1178.

[37] A. dikshit, D. wu, C. wu, W. zhao,  An online interactive simulation system 
for medical imaging education, Comput. Med. Imaging Graph. 29 (2005) 395–404. 

[38] A. holzinger, W. emberger, S. wassertheurer, L. neal,  Design, development 
and evaluation of online interactive simulation so] ware for learning human genetics, 
E Elektrotechnik Informationstechnik. 125 (2008) 190–196.

[39] B. S. worm, K. jensen,  Does peer learning or higher levels of e-learning improve 
learning abilities? A randomized controlled trial, Med. Educ. Online. 18 (2013) 21877.

[40] B. S. bloom,  Taxonomy of Educational Objectives: � e Classifi cation of Educational Goals,
Longman Group, United Kingdom, 1969. h~ p://www.amazon.com/
Taxonomy-Educational-Objectives-Classifi cation-Goals/dp/0679302115
(accessed June 28, 2014).

[41] D. M. casey,  A Journey to Legitimacy: Y e Historical Development of 
Distance Education through Technology, TechTrends. 52 (2008) 45–51.

[42] S. rothblatt, D. K. muller, F. ringer, B. simon, M. bryant, J. roach,  et al., 
Supply and Demand: Y e ‘Two Histories’ of English Education, Hist. Educ. Q. 28 (1988) 627. 

[43] D. cox, � e University of Louisville, University Press of Kentucky,  Lexington, Ky, 2000.



b1 ⇒ 43

revealing the impact of e-learning intervention on medical education

[44] C. A. najem, R. E. wedemeyer, AIM: from concept to reality;  
the Articulated Instructional Media Program at Wisconsin,
Syracuse University, Publications in Continuing Education, Syracuse, NY, 1969.

[45]  ‘About Charles Wedemeyer’, h~ p://www.uwex.edu/disted/conference/
wedemeyer/aboutcw.cfm (accessed September 18, 2014).

[46]  ‘Y e Open University’, Complete University Guide,
h~ p://www.thecompleteuniversityguide.co.uk/the-open-university
(accessed September 18, 2014).

[47] R. phipps, J. merisotis, Whatʼs the diff erence? A review of contemporary
research on the eff ectiveness of distance learning in higher education,
Y e Institute For Higher Education, Washington DC, 1999.

[48]  ‘Virtual university’, Wikipedia, the free encyclopedia,
h~ p://en.wikipedia.org/wiki/Virtual_university (accessed September 18, 2014).

[49] M. S. smith,  Opening Education, Science 323 (2009) 89–93.
[50] ‘ Harvard-MIT Division of Health Sciences and Technology | MIT 

OpenCourseWare | Free Online Course Materials’, h~ p://ocw.mit.edu/
courses/health-sciences-and-technology/ (accessed September 18, 2014).

[51] D. khakar,  A framework for open distance learning-organisation and
management, in: Virtual Univ., Portland press, London, 1999, pp. 27–40.

[52]  ‘Model for a European Networked University for e-Learning—Researching Virtual 
Initiatives in Education’, h~ p://virtualcampuses.eu/index.php/
Model_for_a_European_Networked_University_for_e-Learning 
(accessed September 18, 2014).

[53] P. L. beux, M. fieschi,  Virtual biomedical universities and e-learning,
Int. J. Med. Inf. 76 (2007) 331–335.

[54] J. falah, D. K. harrison, V. charissis, B. M. wood,  Y e characterization
of a virtual reality systém to improve the quality and to reduce the gap between
information technology and medical education, in: R.  shumaker,ed., 
VAMR/HCII 2013, Part II, LNCS 8022, Springer, 2013, pp. 122–131.

[55] J. M. brunetaud, N. leroy, S. pelayo, C. wascat, J. M. renard, L. prin,  et al., 
Comparative evaluation of two applications for delivering a multimedia medical
course in the French-speaking Virtual Medical University (UMVF), 
Int. J. Med. Inform. 74 (2005) 209–212.

[56] S. guri-rosenblit,  ‘Distance education’ and ‘e-learning’:
not the same thing, Higher Educ. 49 (2005) 467–493.

[57] E. rimbau-gilabert, M. J. martínez-arguelles, E. ruiz-dotras, 
Managing matrixed, dispersed advisors in virtual universities, 
in: M. D. lytras et al. (Eds.), WSKS 2011, CCIS 278, Springer, 2013, pp. 669–676.



44 ⇐ b1



b2 ⇒ 45

▶B2◀

SCHOLA LUDUS: 
GAMIFICATION OF MEDICAL EDUCATION

daniel schwarz, jiří kofránek, petr štourač, adrian raudaschl

‘I hear and I forget, I see and I remember, I do and I understand.’
confucius

Summary. Changes in medical practice resulting in limited instruction time
and patient availability have paved the way for greater utilization simulation
technology. By interacting with medical simulators under certain conditions,
it is expected that learning will a~ ain further effi  ciency and completeness along
with higher retention rate in comparison to passive approaches. Y is chapter
reviews recent literature on the history, motivation, classifi cation and evidence 
of the use of simulation modalities with various levels of fi delity and authen-
ticity in medical education and training. In conclusion, it suggests three topics 
for further research and development: (i) pedagogy over technology, (ii) multi-
disciplinary approach, and (iii) medical education research.
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SIMULATION GAMES

Y e introductory ancient Chinese proverb applies to teaching in general. It
means that if an educator simply talks about a subject ma~ er to students, it is
very likely that they will forget what was said. If the subject ma~ er is told and
shown to them as well, they are more likely to remember what was taught. If 
the educator involves them in a ‘hands-on’ activity, where they ‘do’ what they
are taught, they will fully understand and the subject will become ‘learned’.

A simulation game can be used without risk to test the simulated object s̓
behaviour—for example, try to land a virtual plane, treat a virtual patient or 
test the behaviour of an individual physiological subsystem. Medical simula-
tors, same as fl ight simulators (figure b2.1), represent a completely new way
of teaching in which a student may practice particular tasks under simulated
conditions without any risk to real patients or passengers. Medical simula-
tors can automatically respond to drug administration and various infusions,
and react to the se~ ings of connected medical devices, such as an anaesthesia
device or an artifi cial ventilator. Unlike the real world, errors are reversible in
a simulated environment. In addition, one can monitor various curves show-
ing the dynamics of parameters or variables, which are not available in clin-
ical investigation of real patients [1].

figure b2.1 Simulation skyrocketed in popularity during the 1930s due
to the invention of the Link Trainer for fl ight and military applications.
Since then, many diff erent fi elds adapted simulation to their own needs.
(source:  h~ p:// upload.wikimedia.org/wikipedia/commons/a/ac/Link-trainer-ts.jpg)
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SIMULATION FOR MEDICAL EDUCATION—
PEDAGOGY VS SKILLS TRAINING

Recent advances in clinical practice have shortened the duration of hospital 
stay for patients. Y is adversely aff ected the traditional medical student–pa-
tient contact.

In response, medical education institutions have turned to modern methods
of training ranging from simple, text-based virtual patients to other forms of 
technological enhancements, such as serious education games and so] ware
simulations, and mannequins and robot-based simulators. Y ese tools have 
provided eff ective and meaningful learning experiences. Y e simulation ob-
jects and games allow students to practice their responses in a variety of situ-
ations and learn from their mistakes before entering into medical practice.

Four important areas for simulation technology in health care profession-
al skills training were identifi ed more than two decades ago, when medical
simulation was intended mainly to address the problem of poor skills train-
ing and profi ciency [2]. Y ese were: laparoscopic techniques, which provide 
surgeons with the opportunity to enhance their motor skills without risk to
patients; the cardiovascular disease simulator, which can be used to simulate 
cardiac conditions; multimedia computer systems, which include case-based 

figure b2.2 Photo of ‘Harvey’ simulator from the Duke Human Simulation and Patient Safety 
Center (source: h~ p://en.wikipedia.org/wiki/File:Harvey_old_internal.jpg).
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programmes that constitute a generalist curriculum in cardiology; and anaes-
thesia simulators, which have controlled responses that vary according to nu-
merous possible scenarios.

Y e development of mannequin simulators for clinical training is reviewed
in [3] from its early beginnings in the 1960s, focusing on teaching cardiopul-
monary resuscitation, cardiology skills, clinical anaesthesia skills, and crisis
management. Y e commercially available pioneering mannequins were: Re-
susci®- Anne, for CPR and mouth-to-mouth ventilation training; Harvey, a full-
sized mannequin that simulated 27 cardiac conditions (see figure b2.2) with
a history dating back to 1968; and SimMan®, a high fi delity mannequin with
more anatomically correct airway off ered by Laerdal company since the 1990s.

Since the introduction of mannequin-like simulators in the second half of 
the twentieth century, the medical education community has experienced nu-
merous diff erent modalities for performing simulations. Unlike the high-fi del-
ity mannequins, computer-based learning environments involving elements
of so] ware engineering and computer science benefi t from higher availability 
and lower costs. Y e anytime/anywhere benefi t for students may outweigh the 
lack of haptic quality of simulations on the computer screen and via the key-
board. Y e wider range of simulation modalities has given birth to new ques-
tions and concerns about the pedagogical potential and the use and eff ectiveness 
of these innovative technologies. For example, dynamic virtual 3-D simulated
environments for learning were critically overviewed in [4]. Besides particu-
lar examples of immersive interactive computer environments, characterized

table b2.1 Classifi cation of simulators per type [11].

Type Specifi cations and remarks

Compiler-driven Specifi c part-task trainers replicating a particular part of the anatomy. 
Varying levels of sophistication is used to practice specifi c procedures 
or interventions.
E.g. intravenous-insertion arms, laparoscopic aides, urinary catheter
trainers, airway management heads, central line placement torsos, spinal
columns. 
Also includes general purchase items such as pig s̓ feet (suturing), 
oranges (skin biopsies), and watermelon (epidural anaesthesia). 

Event-driven

Standardized patients, actors Y ese are actors trained to reliably role-play history taking and physicals,
and test communication skills in a clinical encounter.
E.g. simulated clinical situations, including mock disaster drills.

Hybrid simulations Combination of standardized patients and part-task trainers.

Computer-based simulators Uses mouse-and-keyboard navigation for multiple 
pharmacophysiological models.
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as Massively Multiplayer Virtual Worlds¹, authors also pointed out the need to 
analyze the benefi ts of virtual worlds, such as immersion, role-playing oppor-
tunities, simulation and personal interaction associated with the technology
and its infl uence on formative and summative learning outcomes. Roger s̓ Dif-
fusion of Innovations Y eory [6] and Siemensʼ Connectivism Y eory [7] were
proposed as useful theoretical frameworks serving necessary education re-
search. Similar doubts and fears were stated also in [8]: ‘While simulation off ers 

1 Currently, the most popular virtual world used by the general public is the Linden Labs̓ Second
Life [5].

table b2.2 Classifi cation of simulators per fi delity [11].

Type Specifi cations and remarks

Low-fi delity simulators

Screen-based text simulators • Create scenarios with the user selecting one of several responses.
• Based on the user s̓ choice, a new text narrative is generated and more

management choices are off ered.
• Example: in a scenario involving a patient with severe headache, 

the user may be off ered options such as prescribing an analgesic 
or ordering CT scan of the head.

Static mannequins • Used for hands-on practice.
• E.g. intubation, laparoscopic training or cardio-pulmonary

resuscitation Resusci dolls.

Medium-fi delity simulators

Screen-based graphical
simulators

• Particularly well-suited to demonstrate physiological modelling
and pharmacokinetic and dynamic simulator processes associated
with drug administration.

• Usually, only a mouse interface is involved. 
• Example: Gainesville anaesthesia simulators Gasman and Body.

Mannequins with mechanical
movement

• Includes a mannequin and so] ware that can simulate movement
interaction between a student and teacher.

• Computer-based pictures help confer practical skills.
• Includes ‘range of normal variation’.
• E.g. cardio-pulmonary resuscitation AMBU Man, endovascular

procedures AngioMentor® and ultrasound UltraSim® or U/S Mentor®.

High-fi delity simulators

Non-physiological
programming

• Manually set parameters dependent on operator.
• Parameters need to be reset a] er intervention.

Physiological programming • Parameters change from baseline dependent on intervention and
independent of operator.

• Automatic generation of appropriate physiological responses to
treatment-interventions in the mannequin allowed.

• E.g. human patient simulator.
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many advantages over traditional methods of teaching, there are several challenges
that must be addressed to ensure its eff ective use.’

MOTIVATION, EVIDENCE AND CLASSIFICATION
OF MEDICAL SIMULATORS

Despite the initial doubts, simulation began to be perceived as a tremendous 
tool for healthcare educators, in that it allowed students to achieve their learn-
ing goals without pu~ ing patients at risk. Hundreds of original articles and re-
views appeared. One hundred and thirteen articles were included in the review
by Okuda et al. [9]. It was demonstrated that simulation-based training led to
clinical improvement in multiple specialities, with clear evidence that the use 
of simulation technologies had also become well-established in undergraduate 
and graduate medical assessment. Y e authors predicted the future of simu-
lation in medical education to be in credentialing and certifi cation. Y ey poin-
ted out that Y e United States Medical Licensing Examination (USMLE) [10] 
integrated computer-based case simulations as far back as the early years of 
the twenty-fi rst century. Another extensive review on the role of simulation
in medical education [11] derived a comprehensive classifi cation of medical
simulators according to type and fi delity (the degree of realism and technical 
complexity of models)—see tables b2.1 and b2.2. Important questions were
raised here, such as whether or not simulation-based education techniques
result in decreased occurrence of errors, and whether the ability to cope with 
the errors that do occur is signifi cantly improved. Y e authors anticipated the
need for continuous empirical research in this fi eld and point out that defi ning
a newly emerging profession of ‘Simulation-Based Med ical Education (SBME) 
Educator’ is a must. Similarly, simulation training was reported in [12] to be
missing universal acceptance, mainly due to the lack of trained teachers and
initial costs. One particular comparative research paper [13] on simulation-
based team training approach for an obstetric emergency explained the use of 
a female birthing simulator mannequin in four standardized, simulated crisis
scenarios. Y e design of the study included several pre-course and post-course 
measures, such as the perceived performance, confi dence and competence in
responding to obstetric emergencies; a~ itudes toward the utility of a rapid re-
sponse system; teamwork in healthcare; and simulation-based training. Sig-
nifi cant improvement in the overall task completion was noted from the fi rst
to the last simulation. A positive shi]  in the participantsʼ perception of indi-
vidual and team performance and their perceived competence was reported,
while there was no signifi cant change in the participantsʼ ratings for confi dence, 
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a~ itude toward utility of team skills, a~ itude toward the use of simulation-
based training, or a~ itude toward the utility of a rapid response system.

hi-fi medical simulators: features and use

‘What are the features and uses of high-fi delity medical simulations that lead to 
most eff ective learning?’ Y is question was addressed in [14], a review that syn-’
thetized existing evidence from more than 100 studies selected from more
than 600 journal articles. Y e review focused on comparative research works
involving simulation as an education intervention and eliminating reviews in 
favour of empirical studies.

Y e following set of 10 proper conditions, under which high-fi delity medical
simulations facilitate learning, was identifi ed from the best available evidence.
1. Providing feedback: an educational feedback is the most important feature

of simulation-based medical education.
2. Repetitive practice: employing medical simulation techniques can help

move medicine from the old method of ‘See One, Do One, Teach One’ to
a ‘See One, Practice Many, Do One’ model [15] for success.

3. Curriculum integration: embedding simulation-based exercises as an in-
tegral part of the standard medical school or postgraduate education cur-
riculum is an essential feature of their eff ective use.

4. Range of diffi  culty level: the range of task diffi  culty level is an important
variable in simulation-based medical education.

5. Multiple learning strategies: high-fi delity simulations allow adapting to
multiple learning strategies, which is an important factor for educational
eff ectiveness.

6. Clinical variation: simulators that capture a wide variety of clinical condi-
tions are more useful than those with a narrow range only.

7. Controlled environment: it is important that learners can make, detect and
correct errors without adverse consequences.

8. Individualized learning: the importance of having reproducible, standard-
ized education experiences where learners are active participants and not
passive bystanders is highlighted in multiple studies.

9. Defi ned outcomes: clearly stated goals are necessary, with tangible out-
come measures that will more likely lead to mastering the skills.

10. Simulator validity: direct correlation exists between simulation validity
and eff ective learning. 

Y e last item in the list—validity of the medical simulator—is discussed ex-
tensively in [1], mainly from the perspective of integrative physiology, which
should compose the theoretical basis for simulators. Y e book describes a wide
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range of existing models of physiology systems, and its authors highlight the
importance of model openness in terms of public availability of its mathem-
atical equations as a key feature to verify validity of the simulator.

lo-fi medical simulators: virtual patients

Screen-based text simulators—as classifi ed in table b2.2—are o] en referred
to as virtual patients (VPs) or virtual patient systems. From the linguistic point 
of view, a more appropriate term might be ‘virtual clinical cases’, because in
fact they represent rather a narrative form of simulations introducing innova-
tive pedagogy methods, such as case-based learning, problem-based learning
or scenario-based learning, and enable future physicians and healthcare pro-
fessionals to simulate important steps in the diagnostic and therapeutic pro-
cess before exposure to patients. Y e critical literature review [16] proposed
that VPsʼ most unique and cost-eff ective function is to facilitate and assess the
development of clinical reasoning. Y is should involve a non-analytical pro-
cess that matures through deliberate practice with multiple and varied clin-
ical cases. Y e role of virtual patients in medical education considering other
simulation modalities and the expected benefi t in the medical studentsʼ com-
petency is shown in figure b2.3.

Besides clinical reasoning, VPs may also off er several advantages over stand-
ardized patients in teaching and learning of history-taking and communication 
skills, as shown in [17]. Increasing variety in the form, function, and effi  cacy of 
diff erent VP systems has prompted the medical education community working
in the fi eld of VPs to construct a typology of VP designs [18] and to introduce
VP commons [19] and interoperability standards. Y e format for exchanging
case-based education resources in medicine, known as Med Biquitousʼ Vir-
tual Patient [20], was established by the non-profi t organization MedBiqui tous 
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figure b2.3 Medical simulation modalities matching
the expected outputs for studentsʼ competence [16].
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table b2.3 VP typology framework empirically derived in [18]. Y is VP design
typology can help clarify VP concepts and approaches and establish more 
objective and meaningful ways of reporting on or evaluating them.

Category Factor Description

General Title Name given to the VP activity.

Description Free-text.

Language Standard language indicator including version—e.g. EN-GB 
indicates British English and EN-US is US English.

Identifi er Unique ID or address.

Provenance Author and other contributor information.

Typical study time Time in minutes for typical learner to complete activity.

Educational Education level Target learner level, for instance 1st year undergraduate, 
3rd year resident.

Education modes Teaching, learning and assessment, and formative or 
summative aspects.

Coverage Topic area(s) covered.

Objectives and 
outcomes Objectives of the activity and any outcomes they address.

Instructional
design

Path type Linear string of pearls, branching.

User modality Number of users involved in an activity, roles they take.

Media & resources Use of images, audio, video, animations, etc.

Narrative use and
patient focus

Balance between presenting data (reading a history, ge~ ing 
test results) and telling a story (engaging in conversation,
character, motive). In what way are patients involved in the 
activity design—are they the main focus (such as diagnosing 
and treating a patient) or a vehicle for other issues such as
team work, basic science or professionalism?

Interactivity use Kinds of questions, tasks and challenges faced. Overall
number of cognitive interactions.

Feedback use Kinds of feedback and whether during an activity 
or at the end (or both).

Technical Originating system Which tool or system was used to create the activity?

Format
What technical format is used at the user end? Typically 
text/HTML for web and application/EXE for disc-based
media.

Integration and
dependence

What other tools, systems or other contextual factors does 
the activity depend upon to run properly?
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Consortium. Most VP systems include a player, authoring tool, administra-
tion component, storage system, indexing facilities and assessment tools, all 
of which are described in detail and discussed in [21]. Nineteen factors around
four categories synthetized in [18] by empirically reviewing existing VP sys-
tems are shown in table b2.3.

Since VPs entered the mainstream of medical education [22], a number of 
qualitative as well as quantitative education research studies have been pub-
lished showing the results of VP implementation for learning and assessment. 
Focus group interviews were conducted in [23] to explore the opinions of med-
ical students on the educational use of VPs. Five main themes were found to
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figure b2.4 Virtual patient (VP) implementation model describes how diff erent VP designs
infl uence learning. Y e inner layer consists of the student s̓ cognitive and behavioural
preconditions prior to si~ ing a case. Y e middle layer considers the VP as an encoded
object, an e-learning artefact and as a constructed activity, with associated pedagogic and
organizational elements. Y e outer layer describes cognitive and behavioural change [27].
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be associated with the successful use of VPs in medical curriculum: 1) learn-
ing, 2) teaching, 3) assessment, 4) authenticity and 5) implementation. Y e VPs
design and content, the localization of the socio-cultural context, the realism
of the cases, as well as the presence and quality of feedback were reported to
be intrinsic features contributing to VPs authenticity. Y e use of VPs from the 
perspective of cultural competency and international education exchange was
assessed in [24]. Although a number of statistically signifi cant diff erences in 
the studentsʼ activity through the VPs authored in Romanian and English lan-
guages were found, the studentsʼ ability to reach the correct diagnosis and 
therapeutic plan was reported to be the same. Y us, developing curricula with
VPs in English in non-English-speaking countries might be feasible, cost- ef-
fective and in accordance with the globalization of medical education. One 
can sense a controversy in these fi ndings, as reduced authenticity of cases de-
livered in non-native language may limit the support of their refl ective abilit-
ies. Recently, a multi-centre randomized 2 × 2 factorial design study evaluating
two independent variables of VP design—branching (present or absent), and
structured clinical reasoning feedback (present or absent)—was carefully de-
signed [25]. Y e study was designed so that it followed the Consolidated Stand-
ards of Reporting Trials (CONSORT) statement on randomized trials [26] and
aimed to answer the question of how the diff erent VP designs infl uence clinic-
al reasoning skills and student experience. Y e results of the research project

the virtual patient structure communication and clinical skills
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figure b2.5 Virtual Patient Primary Care Model. Y e diff erent dimensions
of the VP case were structured to be congruent with the Calgary Cambridge 
Guides [35] and the PRACTICAL (Danish patient-doctor communication
model [36]) training model in communication skills [28].
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figure b2.6 A shot from an emergency medicine course (AKUTNE.CZ):
a real engagement of medical students during management of severe 
arterial bleeding—performed on a standardized patient.

figure b2.7 A shot from the
emergency medicine course 
(AKUTNE.CZ): a real engagement
of medical students in severe
traumatized patient—performed on 
the METI high-fi delity simulator.
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were not available at the time of this publication. Y e same group of education 
investigators performed and published a qualitative research [27] composed of 
six focus groups, in which participants completed VPs with diff erent designs,
and participated in an evaluation and a focus group discussion. Based on their 
results, a three-layer model describing the interactions of students with VPs
was constructed (see figure b2.4). Y e model may enhance understanding of 
how and why the delivery and design of VPs infl uence learning. Another VP
model specially designed for learning communication skills and clinical reas-
oning in primary care was developed and tested in [28]. Y is VP model was 
divided into fi ve learning cycles in line with authentic patient consultation:
1) gathering information, 2) physical examination, 3) preliminary diagnosis,
4) explanation and planning, and 5) closing session (see figure b2.5). Author-
ing and generation of VP scenarios remains a signifi cant undertaking in terms 
of fi nancial and time costs. Scenario development costs tens of thousands of 
dollars and at least twelve months of development per case [29].

low-cost computer-based medical simulations

Complex mathematical models enabling the simulation of physiological 
mechanisms such as renal function, respiration or body-fl uid balance, may
enhance student learning by experimenting with the basics of physiology. 
Y e multimedia medical training simulator GOLEM [30] was based on a set of 
39 non- linear diff erential and algebraic functions that described 89 input and 
179 output variables. GOLEMs̓ authors continue in their development eff orts
and recently invented their own implementation of the most extensive model
of integrated physiology, HUMMOD [31]. Y e resulting HUMMOD-GOLEM
edition, equipped with a web-based immersive graphic interface, is intended
to be embedded into high-fi delity medical simulators or may serve to enrich
existing VP systems, as it allows many diff erent clinical scenarios to be simu-
lated, including circulation insuffi  ciency, renal disorders and diarrhoea. More 
broadly, delivering insight from computer simulations, such as in [32], leads
to original knowledge as it elucidates physiological mechanisms that are not 
obvious intuitively and, in some cases, not readily testable in experimental 
studies. Besides the basic sciences, computer-based medical simulations also
provide a vehicle to carry online education in other disciplines, e.g. medical
imaging [33] or laboratory medicine [34].
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PEDAGOGY OVER TECHNOLOGY

Simulation-based medical education should not be perceived only from 
the perspective of emerging technologies. Y e above-mentioned fi ndings re-
peatedly show that the added values of medical simulators manifest only when
the teaching/learning eff orts are supported by the correct VP design and edu-
cators well-trained, particularly, in medical simulation. A unique example
of a medical education environment providing adaptive, personalized, com-
petency-based style of learning, where technology-based resources are sup-
ported with face-to-face learning, can be seen at St George s̓ University, Lon-
don. Y is medical school developed the fi rst Problem-Based Learning (PBL)²
curriculum open to graduates of all disciplines and later transformed it from
the early paper-based form with online interactive VPs [37]. Relevant learn-
ing theories to underpin the development, design and delivery of an eff ective
education programme for simulated team training are discussed in the concep-
tual review [38]. Its authors summarize that the ideal simulated team training
programme needs a scenario for particular experience, followed by debriefi ng
with a critical refl exive observation and abstract conceptualization phase, and
ending with a second scenario for active experimentation. Further, they point
out the importance of motivation with reality and context, advising to train 
with multidisciplinary team members and to act on the physiological variables.
Enriching the interactivity of VPs with mathematical models of physiological
and pathological processes is the main focus of the conceptual framework [39]. 
Y e technical challenges associated with development of VPs enhanced by
physiology programmes are discussed from the perspectives of the computa-
tional modelling researcher and the virtual patient system developer, as well
as the health care or medical educator.

CONCLUSION

Y is chapter outlined the history, motivation and basic principles underlying 
diff erent simulation modalities in medical education. Y e fi ndings presented in
the literature available on this topic showed, among others, good acceptance of 
all simulation modalities by students and educators. High-fi delity simulators, as 

2 Problem-Based Learning (PBL) is one example of widespread form of learning, which uses
patient simulation to create a learning style close to the needs of practice. Many curricula
in medicine are now built around these enquiry-based collaborative approaches to learning,
especially PBL, where students work in teams to explore, manage or solve a problem.
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well as the low-fi delity ones, in the form of screen-based simulators or virtual
patients are usually regarded as an intermediate learning activity and a com-
plement to both the theoretical and the clinical part of the education, fi lling 
the gaps in clinical knowledge. Y e benefi ts of simulation technology include
improvements in certain manual/technical skills and in the acquisition and
retention of knowledge compared with traditional lectures.

In conclusion, three topics for further investigation and development in the
fi eld of simulation-based medical education are presented and discussed here: 
1) Pedagogy over technology: an adaptive, personalized, competency-based style
of learning is achievable only when technology resources are supported with
face-to-face contact with well-trained educators and with an underlying edu-
cation method suitable to preselected learning/teaching goals; 2) Multidiscip-
linary approach: validated computational models of physiological and patho-
logical processes will deliver substantial added values in clinical scenarios
implemented with a medical simulator regardless of its fi delity; 3) Medical edu-
cation research: diff erent structures and designs of simulation-based sessions
result in diff erent learning outcomes in terms of increase in the trained skillset,
engagement or refl ection. Y e optimal shape of the teaching/learning envir-
onment employing simulation modalities should follow the results of a care-
fully designed research study taking into account various local socio-cultur-
al conditions. Regarding the situation across the MEFANET network, the fi rst
pilot studies have already appeared, mainly in acute medicine [40, 41]. Y eir
methodology and results are further described and discussed in chapter c2. 
figures b2.6 and b2.7 show shots from a course of emergency medicine, which
is organized as an important part of educational activities delivered by phys-
icians, educators and medical students cooperating within activities related
to the educational web portal AKUTNE.CZ—an integral part of the MEFANET 
network.
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▶B3◀

METHODS OF QUALITY ASSESSMENT OF 
E-PUBLISHED EDUCATION MATERIALS

martin komenda, daniel schwarz

‘Quality is never an accident; it is always the result of intelligent eff ort.’
john ruskin

Summary. Y e rapid expansion of e-published education materials and its 
pedagogical impact on the society at large is no predictor of similar progress in
formal learning practices in higher education. Y e effi  ciency off ered by these 
tools, in the backdrop of discrepancies in the quality of the digital content as
well as the methodological diffi  culties in developing new web portals and re-
positories, has failed to satisfy the mainstream needs for improving education 
processes in higher education. Y is chapter off ers recent literature overview
focused on the fi eld of quality assessment and related domains such as metadata
composition or using the crowd-sourcing concept. An appropriate combin-
ation of existing and new methods in this particular fi eld has great potential
for providing complex evaluation mechanisms of the education resources, 
thereby establishing guaranteed and approved channels for delivering infor-
mation to students. Generally, highlighted is the necessity to perceive quality
assessment as a multi-dimensional domain with many fundamental a~ ributes.

⁄ Keywords: 
▶ information quality
▶ educational repository
▶ web portal
▶ online assessment tools
▶ crowd-sourcing
▶ medical education

⁄ Reviewer: 
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WEB PORTALS AND HIGHER EDUCATION

Several experts diff er in their a~ itude towards, and perception of, the fi eld
of medical education. It is widely accepted, without reservations, that the
progress made in modern information technologies plays an important role
in medical and health care education. Y is is particularly true of the dramat-
ic advancements of the past decade providing us with web-oriented tools that
have the potential of revolutionizing the way we provide education [1]. Techno-
logical development, particularly the rapid growth of e-learning, is altering
the nature of the medical education environment and the off ered possibilities 
are increasingly irresistible. Continuing education on the Internet is gaining
popularity and most participants are satisfi ed with the experience and fi nd it
to be an eff ective learning format [2]. As it was shown in chapter b1, there
is hardly any doubt that e-learning, if delivered appropriately, can be eff ect-
ive and can enrich the learning experience for the student with concurrent
involvement of the educators in a more productive and rewarding manner.

Although face-to-face teaching, direct practice and observation in the op-
erating room are essential, web technologies hold great promise to support
and innovate the education process such that the student need not to be in 
a classroom for didactic talk or even be in the operating room to see how an
arterial line is properly placed [3]. Today, people are used to being more con-
nected with various information sources and to each other via Internet com-
munication channels. Y is has led to the appearance of many new education-
al capabilities that are open, shared and inter-related; represented by wikis,
blogs, podcasts, RSS feeds, social bookmarking and networking, interactive 
presentations, virtual patients and serious games, digital videos, etc. Modern 
educational web portals and repositories have the potential of being a power-
ful umbrella over all available multimedia resources. As the names signify, 
they represent web spaces devoted to storing and displaying a set of e-learn-
ing materials that can be utilized as archiving and storage tools or as shared
resource for others interested in a particular topic [4]. Many of such systems
have been designed in recent years. However, they usually, barring a few, rep-
resent either storage of diverse study/teaching materials or huge data ware-
houses without tools for organizing and guaranteeing the presented education
content. Conole and Alevizou [5] published a review of the use of Web 2.0 tools
in higher education. Such digital libraries or large reusable learning object re-
positories like Jorum¹, WISC- Online² or GLOBE³ provide learning content for 

1 Jorum—Learning to Share: h~ p://www.jorum.ac.uk/.
2 Wisconsin Online Resource Center: h~ p://www.wisc-online.com/.
3 Global Learning Objects Brokering Exchange: h~ p://globe‐info.org/.
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educators without any registration or fees (in most cases). Additionally, many 
repository so] ware projects have been undertaken including OAI⁴, DSpace⁵,
and  eduSource⁶. Y en, on the other hand, there are medical education reposi-
tories of the likes of  MedEdPortal⁷, MELINA+⁸, MERLOT⁹ or HEAL¹⁰LL  that use 
various review processes and publish mainly guaranteed learning content. In
general, there is li~ le doubt that the generic lack of a review process or com-
plex quality assessment system represents a serious issue and hinders in-
creased uptake and utilization of educational resources [6].

DIGITAL EDUCATION CONTENT QUALITY ASSESSMENT

Focus on the quality carries high importance in the processes of higher edu-
cation and can be seen from many diff erent perspectives. According to Collis
and Moonen [7], the quality from the perspective of those representing a dis-
cipline or an educational programme o] en relates to the quality of learning 
resources and curricula, and to the quality of the instructors as indicated by
their external reputation in the respective research communities. On the other 
hand, for instructors the quality of education means topicality and accuracy
of information on the particular discipline, and their own performance: what
impinges negatively on student responses to their lectures aff ects the mutu-
al impression of the quality of the education process. For students, quality 
o] en relates to intelligibility and clarity: how well are the expectations of the 
course and its assessment practices indicated at the start of the course and re-
fl ected in the course? In this context, quality learner support is vital and social
presence becomes a highly desirable feature to be embedded in the delivery of 
any learning product [8]. Since one of the educator s̓ roles is to assess and se-
lect learning resources based on a particular curriculum framework and the 
studentsʼ needs and goals, the development of robust methods for education
content evaluation becomes essential. It is important for the learner to be as-
sured that the quality of the learning resources is reviewed or assessed. Un-
fortunately, systematic evaluation of computer-based education resources in
all its forms—including integrated learning systems, interactive multimedia,

4 Open Archives Initiative: h~ p://www.openarchives.org/.
5 DSpace: h~ p://www.dspace.org/.
6 eduSource: h~ p://edu-source.com/.
7 MedEdPortal: h~ p://www.mededportal.org/.
8 Medical education linked arena: h~ p://www.meducator3.net/melinaplus/.
9 Multimedia Educational Resources for Learning and Online Teaching: h~ p://www.merlot.org/.
10 Health Education Assets Library: h~ p://www.healcentral.org/.
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complex learning environments, etc.—o] en lags behind the development ef-
forts [9]. Guaranteeing the correctness of the published education content 
seems to be a long-term problem and is o] en related to system design, devel-
opment and the services off ered. Generally, we need to ensure that the quality
assessment will serve as an eff ective support rather than a complicated barri-
er during the publishing process. Quality can mean diff erent things; however,
common quality issues include accuracy of information and knowledge dis-
seminated in the content. Just because the content is correct does not mean
that it is appropriate for use in every context. Quality is also a ma~ er of trust:
students have to trust the information provided if they are to use it [10].

metadata quality assessment

 Y e quality of portal/repository metadata, as a formal description of edu-
cation materials, is one of the most important issues directly infl uencing the 
relevance and fi nal output of a learning object for the target group, i.e. the stu-
dents and the academic staff . Y ese systems are called upon to play a central 
role in automated approaches to e-learning since they provide the required
support for access and search options concerning the particular learning ob-
ject, oriented not only to humans but also to so] ware agents and search en-
gines. As a consequence, completeness of metadata becomes a key requirement
for every high-quality repository [11]. Y e primary purpose of a proper set of 
metadata is to provide adequate and correct information to the user in order
to obtain a correct overview of the available education content without hav-
ing to access it. Margaritopoulos et al. [11] introduced a new conceptual frame-
work for assessing metadata quality using a method based on exploiting the
structural and semantic relations among digital resources in a repository. Such
relations create logic rules, which are distinguished into the following major 
categories: rules of inclusion, imposition and restriction. For each metadata
record in a repository, all of the rules are applied. Sicilia et al. [12] published
a comprehensive study on the proper use of metadata records focused on edu-
cation re sources, representing the fi rst step towards the notion of complete-
ness that could eventually be used as an estimator of the quality of metadata
records, and in aggregated terms, of the learning object repositories. Y ey also
confi rmed that the concepts of completeness of the learning object metadata
records and the completeness of learning object repository are required to 
serve as quality indicators about the descriptions of reusable learning contents.

quality assessment frameworks

Several more or less eff ective mechanisms aimed at guaranteeing content
have been published and utilized so far. E.g. in [13] Yang et al., an instrument
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is proposed that measured the user-perceived service quality of web portals.
Y ey proposed and validated a fi ve-dimensional service quality toolset in-
volving: usability, usefulness of content, adequacy of information, accessibil-
ity, and interaction. Y ese tools provide a useful scale for researchers desirous
of measuring the service quality of web portals. Bo~ entuit & Coutinho [14]
selected a set of indicators that, in their point of view, should be necessarily
integrated to a portal dedicated to educational issues: (i) ease to use, (ii) ser-
vices, (iii) communication, (iv) content, (v) performance and (vi) information.
It is essential to take these quality issues into account in the construction and/
or management of the education portal if a successful portal with signifi cant
traffi  c of site users and promoters is desired. Another approach, a portal data 
quality model (PDQM), was presented by Caro et al. in [15]. Y is model was con-
structed from the data consumer s̓ perspectives and its production included 
three initial phases: (i) identifi cation of web data quality a~ ributes and defi n-
ition of a classifi cation matrix, (ii) classifi cation of data quality a~ ributes into
the matrix, (iii) validation. During the fi rst phase, a set of 41 quality a~ ributes
for quality evaluation of web portals was compiled. Y e same investigators did
an extensive web data quality revision in [16] and captured several quality at-
tributes. Y e most considered were accuracy, completeness, timeliness, con-
ciseness, consistency, currentness, interpretability, relevance and security. Fi-
nally, Elissavet et al. [17] described a comprehensive evaluation framework for
hypermedia courseware, which concerned social and practical acceptability.
Y e term social acceptability is related to the social basis of an education system 
(student-, teacher- or patient-centred). Practical acceptability was examined 
through the evaluation of the following four sectors: (i) content, (ii) presen-
tation and organization of the content, (iii) technical support and update pro-
cesses and fi nally, (iv) evaluation of learning.

crowd-sourced quality assessment

Recent trends in medical education emphasize collaboration through team-
based learning. In the technology world, the trend towards collaboration has
been characterized by the crowdsourcing movement [18]. Howe and Robin-
son [19] originally coined the term ‘crowdsourcing’ to describe a problem-

-solving approach that outsources tasks to an undefi ned, o] en anonymous, 
population. It is a neologism from the words crowd and outsourcing, and rep-
resents the transfer of services from professionals to the public via the Inter-
net. In crowdsourcing, problems are broadcast to the public in the form of an
open call for solutions giving access to a large network of potential partici-
pants. Y ere are three fundamental reasons why education is an exciting sub-
ject for crowdsourcing research: (i) crowd-techniques are required in order 
to deliver quality education in some areas, (ii) existing techniques are ready
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for application to this new area, and (iii) online education represents a new,
relatively unexplored way of creating crowds. It is clear that crowdsourcing
methods have great potential for improving online personalized education. Y e 
challenge areas such as education resources quality, personalization of study
materials and providing well-founded feedback off er the promise of rapid pro-
gress and substantial impact [20].

Y e current manner of collaboration in education was built on the principle
of digital education content sharing. For illustration, Bow et al. [18] developed
and implemented a crowdsourcing model for creating study materials. Y ey
began by building an infrastructure that facilitated the use of question and 
answer sets as fl ashcards, followed by the development of foundational con-
tent based on the curriculum of the fi rst year. Y e mentioned approach serves 
as a model for collaborative learning in other education systems that require
assimilation of large amounts of information. Keimel et al. [21] introduced 
a framework for crowd-based video quality assessment. Y ey proposed using
the power of the Internet to assign simple tasks to a group of online workers.
Y e main idea is to utilize crowd-sourcing platforms to perform subjective test-
ing with a global worker pool, usually with a web-based application, that can
be accessed via a common web browser. It pertains to tasks that cannot or not 
effi  ciently be solved by computers but are simple enough to be performed by
untrained participants. Y e challenges faced by crowd-based quality assess-
ment from the conceptual, technical, motivational and reliability perspectives
were also discussed. Chen et al. [22] proposed and evaluated a crowd-source-
able framework to quantify the quality of multimedia content. Y is approach
diff ers from the traditional mean opinion score (MOS) rating [23] as follows:
(i) it enables crowdsourcing because it supports systematic verifi cation of par-
ticipantsʼ inputs, (ii) the rating procedure is simpler than MOS approach so 
there is less burden on the participants, (iii) it derives interval-scale scores 
that enable subsequent quantitative analysis. 

Moreover, Atkins et al. [24] presented the need for designing the next gen-
eration platforms to close the loop and accelerate the improvement of mater-
ial through refl ected use. Y ey introduced content quality assessment and en-
hancement for providing high-quality material production, which is based on 
replacing the traditional pre-publication review, o] en accept/reject and ex-
clusive, with a post-publication review based on a more open community of 
third-party reviewers experienced in using the materials. In this pre-publi-
cation model, credentialed materials are not merely distributed through the 
network; post-publication materials are credentialed through use in the net-
work. Y is system lowers the entry barrier into the author community and thus
fosters diversity of opinion and subject ma~ er, and increases the quality of 
the resulting materials. Probably one of the most comprehensive approaches 
based on crowd-sourced concept was published by Leacock and Nesbit [25]. 
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Y ey described the structure and theoretical foundations of the Learning Ob-
ject Review Instrument (LORI), which balances assessment validity with effi  -
ciency of the evaluation process. It provides the instrument enabling learn-
ing object users to create reviews consisting of ratings and comments on nine
dimensions of quality: content quality, learning goal alignment, feedback and
adaptation, motivation, presentation design, interaction usability, accessibil-
ity, reusability, and standards compliance. Perhaps the most salient aspect of 
learning object quality and certainly the one most relevant to the expertize of 
subject ma~ er experts is content quality. It is defi ned by veracity, accuracy, bal-
anced presentation of ideas and the appropriate level of detail of the learning
object. Y is model can be used in a variety of evaluation models; in this par-
ticular case, it was applied in collaborative participation where reviewers fi rst
independently evaluate a set of objects and then discuss their divergent ratings.

DISCUSSION & CONCLUSIONS

Questions on education content quality are frequently raised as learning re-
sources are expected to be trusted and authoritative. Y is chapter is focused
only on the assessment of the quality, which signifi cantly helps to provide 
a well-balanced and guaranteed digital content in higher education. Y e as-
sessment of student knowledge is another area of scientifi c research where
many results have been published [26–28]. In terms of e-content quality, there
are various models, concepts and frameworks that have the potential to facili-
tate innovations in professional development, teacher training and teaching
practices, as well as improvements in the quality of student learning and ex-
periences. We mentioned freely accessible repositories and web portals, which
only exceptionally use various peer-reviewed mechanisms for guaranteeing
the quality of published resources (for instance, at MERLOT only 14 percent
of submi~ ed materials have been reviewed). On the other hand, probably the
largest medical education content publication service MedEdPortal (provided
by the Association of American Medical Colleges) clearly marked all learn-
ing materials with the appropriate review logo based on the evaluation ap-
proach (Peer Reviewed, Editorial Reviewed, Special Collection Reviewed) [29].
Methods for assuring quality in the learning resources domain are still in de-
velopment. We pointed out frameworks and the mechanism for content qual-
ity assessment, which are based on metadata description, crowd-sourced ap-
proach or guaranteed and reviewed content. Using just one single assessment
method or technique is not suffi  cient to determine competence. Essentially,
what is needed most is a change in the mind-set. As the fi rst step, it is neces-
sary to look at the assessment as a multi-dimensional problem. It may drive
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innovative enhancement, which might extend the quality assessment models
newly developed in accordance with crowd-sourced methodology. In essence,
the primary objective is common for all mentioned platforms: provide rele-
vant, correct and useful education data to medical learners and educators. Y e 
MEFANET solution (see chapter c1) promises more complex functionality 
and wider range of tools for organizing the published contents, as well as the 
possibility of presenting the contents complete with the comments of selec-
ted tutors from expert medical societies. In this manner, it provides clear and
apparent guidelines for assessing the quality of multimedia content published
on medical and health care education portals.
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FEDERATED AUTHENTICATION
FOR MEDICAL APPLICATIONS IN MEDICINE

michal procházka

‘I believe in libertarian options because they allow an interesting management 
of the capital and are based on co-operation, reciprocity, contract, federation.’

michel onfray

Summary. Since the web is the most frequented site for portals containing 
medical study materials, the security of such web-based systems is crucial
for the users and providers of the portals. Despite the plethora of possibil-
ities off ered by the current technology, it is still somewhat challenging to se-
lect an authentication system that suits the users as well as the service pro-
viders due to the implicit confl ict between their notions and requirements.
While the former group prefers simplicity of the process, the la~ er o] en lean
toward complex authentication procedures. Ironically, raising the bar leads
rather to weakening of the whole system as the users seek innovative ways of 
bypassing it (e.g. the infamous sticky notes with password stuck on monitors). 
Apart from authentication, proper access control is o] en required along with
support for various dynamic scenarios. For instance, in order to handle the dy-
namic groups of users, where memberships change more o] en than not, an
effi  cient approach is needed to decide whether or not a given user is a mem-
ber of a particular group. For example, a group of physicians from one insti-
tution could be identifi ed easily if access to a personal agenda is given. As this
is usually not the case, the owner of the portal providing medical material to
physicians has to set up their own identity management systems. Y is in the 
backdrop of the fact that highly simplifi ed and similar scenarios are very com-
mon nowadays, incurring additional overheads and possible inaccuracies cul-
minating in compromised system usability and security. Federated authenti-
cation is a promising solution to address the mentioned issues, and it will be 
described in this chapter.
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IDENTITY FEDERATIONS

A possible solution to the problems outlined in the summary above is presen-
ted by the federated identity management, which has gained signifi cant a~ en-
tion recently. Y e identity federation model renders the authentication step
easy for common users; mainly since it does not require the users to register
new authentication credentials with each new service. Instead, it utilizes the
existing identity management systems and allows them to hand over authen-
tication to end services. Federated identity management is one of the solutions 
being adopted by a large number of institutions nowadays, even commercial
giants such as Microso] . Identity federation is an infrastructure that connects
identity management systems from diff erent institutions and services pro-
viders, requiring user authentication. Identity federations enable sharing of 
information on the users through a standardized protocol that is accepted by
every party in the federation. Every organization participating in the feder-
ation manages its users via a local user management system. An identity pro-
vider (IdP) service is built on top of such an existing user management system,
providing the interface for accessing authentication information and other
a~ ributes about the user, like name, affi  liation and unique identifi er. Every
service provider (SP) in the federation can obtain this information by calling
the IdP service. SPs process the data returned by the user s̓ home IdP and use 
it to make access control decisions. Before users are allowed to use a service,
they have to present a set of a~ ributes issued by their IdP. Y ese a~ ributes are 
provided to the users or to a service working on their behalf upon proper au-
thentication of the user with the IdP.

Identity federation is generally used as depicted in figure b4.1 [1]. A user 
visiting a federated service is fi rst checked and if no authentication informa-
tion is known to SP (step 1), the user is redirected to his or her IdP web page 
(step 2). A] er the user has successfully authenticated with IdP (step 3), the re-
spective IdP creates a response containing confi rmation of successful authenti-
cation and additional information about the user (step 4). Y e response is then 
sent to SP, which verifi es validity of the response and extracts information
about the user. Finally, SP makes an authorization decision and allows/denies
access to the user. Y e same principle is applied when the user accesses other 
SPs. Y erefore, the user needs to maintain only one account and one set of cre-
dentials for all SPs within the federations. Y ese credentials are only managed
on IdP and not available to SPs, which enhances their security.

Y e principal advantage of using the federation model is the fact that users
use their home institution’s credentials (which may be a user name and pass-
word, a digital certifi cate, a hardware token, or something else) to authenti-
cate to arbitrary services within the federation without exposing them to SPs.
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Every SP in the federation can use this mechanism transparently from the 
 user’s point of view. Y ere is no need to introduce new credentials for every
new service or to synchronize existing credentials (like passwords) among dif-
ferent services. Having no additional credentials also means there is no need 
to distribute them among the users. Such an arrangement not only simplifi es
credential management but also makes it more secure in comparison to the
practise of login and password on SP page. Users are only required to main-
tain one piece of authentication information; therefore, more requirements on 
the quality of credentials can be applied. SP can never see the user’s creden-
tials because the service only receives response from the IdP. Y e federation
model is undoubtedly more acceptable to users as it is not tied to any particu-
lar authentication method and institutions can decide on the most appropri-
ate method for their users.

Enhanced privacy is a potential side eff ect of the above-mentioned use of 
assertions. IdP can provide only assertions that do not contain precise user
identity, i.e. it can provide the information that a person is member of a par-
ticular group without revealing his or her name or other unique identifi cation.
Y e assertions are suffi  cient for a service to make an authorization decision;
however, the precise nature of the audit trace is hidden from SPs; hence, user
privacy is enhanced.

Y e leading middlewares¹ for building identity federations in higher edu-
cation sphere are Shibboleth [1], Microso] s̓ ADFS² and SimpleSAMLphp³. All 
are built on the Security Assertions Mark-up Language, version 2 (SAML2) [2],
which is an XML-based specifi cation to defi ne a common XML framework for 
exchanging authentication, authorization and a~ ribute assertions between 
entities. Identity federations built on SAML2 protocol defi ne three addition-
al entities besides identity and service provider: discovery service, metadata
and federation operator. Y e discovery service is availed by users to locate
their home organization IdP. With the discovery service, SP does not redirect
the users directly to IdP, but to the discovery service page where the user then 
selects his or her IdP. Metadata is an XML based document containing infor-
mation about all entities within the federation. Obviously, metadata has to be 
properly managed. All parties have to be listed and each party has to have an
up-to-date copy of the metadata in order to be able to create a communication 

1 Y e leading middlewares implementing IdP and SP entities are compatible with each other 
because they are using standardized SAML2 protocol for communication. Domain service (DS)
is optional component of the federation which makes selection of the right IdP easier for the
user. DS is independent from diff erent middlewares. Metadata is just one part of the SAML2 
specifi cations used for defi ning trust among SPs and IdPs.

2 Microso] ’s ADFS: h~ p://msdn.microso] .com/en-us/library/bb897402.aspx
3 SimpleSAMLphp: h~ ps://simplesamlphp.org/
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link with another entity, as well as to verify the messages received from other
entities. Metadata is usually maintained by the federation operator, which also 
defi nes the federation policies and introduces new SPs and IdPs. Every IdP can 
defi ne an a~ ribute release policy for each SP within the federation. Y e a~ rib-
ute release policy defi nes the a~ ributes about the user that can be released to
a particular SP. Y erefore, an IdP releases diff erent sets of user’s a~ ributes to
diff erent SPs. Y e set allowed is defi ned in an agreement between the SP and
IdP or between the IdP and the federation operator. Y erefore, the user is not 
the one who decides which a~ ributes will be released. Y e user can only ac-
cept or decline releasing of the set as a whole. Since the decision is not le]  to
the user, the relevant IdP has to obey the appropriate privacy laws.

EDUID.CZ

Y e Czech national academic identity federation is called eduID.cz⁴. Y e fed-
eration is operated by CESNET Czech National Research and Education Net-
work⁵. EduID.cz is primarily oriented non-exclusively to universities, which
means that commercial service providers as well as identity providers from
the public domain can also be part of eduID.cz. Every IdP and SP has to accept 
the eduID.cz policy, which sets the basic level of trust among identity providers 
and service providers. IdPs acknowledge that they will release only correct and
up-to-date information about the users. Y is is a very strong requirement be-
cause SPs make authorization decision based on user’s a~ ributes. On the other 
hand, SPs have to guarantee that data received on the users shall not be misused.
Y e process of joining identity federations including eduID.cz usually requires 
a set of administrative tasks for se~ ing up the trust and responsibilities, and
technical tasks that require a diff erent level of complexity depending on the
organization of the identity management system (IdP case) or on the ability of 
the service to adopt federated identity and render an authorization (SP case).

Y e eduID.cz is well suited for services that are destined for users from dif-
ferent higher education institutions. Users access the services in the standard 
manner and the service provider does not need to deploy direct connection with
each user’s home organization. Service providers that are part of the identity
federation do not need to manage user credentials nor deploy reset password
services since this is done on the IdP side.

4 h~ p://www.eduid.cz
5 h~ p://www.cesnet.cz
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SERVICES IN IDENTITY FEDERATIONS

Service providers are the key component in the identity federations, which
make them interesting for the users. On the other hand, participating in an
identity federation from the service point of view dramatically decreases the 
amount of eff ort needed to make the service available to diff erent users from 
diff erent organizations. In the next two subsections there are examples of ex-
isting services available in the academic identity federations.

mefanet

MEFANET is an ideal service that can be federated as it contains several in-
stances of MEFANET portals on diff erent universities that have to be available
for all users from all universities. By placing each MEFANET portal in eduID .cz, 
all users can have access without the need for negotiating with their home 
institutions.

During the process of defi ning the process of integrating MEFANET portals
into eduID.cz and the type of information required from identity providers,
one obstacle was identifi ed. MEFANET portal needs to know the affi  liation of 
the user at faculty level. Y is information has not been released by any of the
IdP connected to eduID.cz by that time. From the technical point of view, no
common a~ ribute existed that can handle such information. Y erefore, we em-
barked on defi ning a special a~ ribute that shall contain information about the 
user’s affi  liation with a faculty in a form that is comprehensible for the existing
MEFANET portals. MEFANET portals render simple authorization decision on 
access for each user. Permission is protected at three levels; content is avail-
able to all (from users of a particular university to users from a particular fac-
ulty of the university). Identity provider, through  eduID. cz, delivers informa-
tion about user affi  liation to the university and also to the faculty so that the
MEFANET portal can run access check at each visit by the user. Y is data is re-
leased at each access to the MEFANET portal, meaning it is always up to date.
Upon loss/cessation of affi  liation of a user with the university, access to con-
tents dedicated to the university in the MEFANET portal is automatically denied.

Since 2008, all MEFANET portals are accessible via eduID.cz. Recently, ef-
forts are being made to build the identity federation in Slovakia. In order to
allow Slovak IdP on MEFANET portals, all that is needed is to incorporate the
Slovak identity federation metadata in MEFANET portals. Y is is a clear demon-
stration of the valuable assistance provided by identity federations to service
providers in delivering content to authenticated users.



78 ⇐ b4

federated authentication for medical applications in medicine

global service provider—atlases

While MEFANET portals are mainly oriented on the Czech and Slovak envir-
onments, the Masaryk University is providing another service called Atlases [3].
Atlases is an atlas of high resolution pathological images that can be viewed
using the virtual microscope in a web browser. Moreover, Atlases contains 
annotations to clinical pictures and images from pathologists. Y e distinct-
iveness of the atlas as a source of information led it to be made available to
the rest of the world. To prevent the]  of the images, we deployed federated
authentication. Every user has to register; however, those with granted fed-
erated identity simply go through registration without the need to login and
enter the password. 

Atlases is linked to nearly 20 academic identity federations from all over the 
world, serving nearly 40 000 users (September 2014). Atlases is an example that
valuable services like MEFANET can be easily exposed to the world without the 
need for investing in laborious user management on the service side.

INTERFEDERATION—EDUGAIN

Nearly all European countries operate their own academic identity feder-
ation. Service providers desirous of providing services on global scale can le-
verage eduGAIN⁶ to eff ectively reduce technical and administrative overheads 

6 h~ p://www.edugain.org
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figure b4.1 Identity Federation Scheme.
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needed to connect to each of the federation separately. When MEFANET de-
cides to provide services outside eduID.cz, it can be easily accomplished by re-
gistering MEFANET portals in eduGAIN and thus make them readily available
to all identity providers registered in eduGAIN.

DISCUSSION & CONCLUSIONS

Nowadays, users are well familiar with the federated identity concept that is 
utilized by companies of the likes of Google and Facebook. Although the tech-
nical solutions applied there are diff erent, the concept from the user’s point
of view is the same. Accessing diff erent services from diff erent administrat-
ive domains using one single identity is preferred by users as well as the ser-
vice providers. Y erefore, enabling services using federated identity aff ords
ease of use by lowering the barrier to access the service and, at the same time,
by off ering enhanced security for user credentials.
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LEGAL AND ETHICAL ASPECTS OF E-LEARNING AND 
E-PUBLISHING IN MEDICAL AND HEALTH CARE FIELDS

daniel schwarz, martin komenda, radim polčák, ladislav dušek

‘I publish, and therefore I will be robbed.’
a teacher-realist

Summary. Using the Internet as a source of information has become an insep-
arable part of the today s̓ student life. It has become apparent and considered
as the norm by students that subjects taught at universities are supported in
electronic form. Teaching and learning materials come in the form of Power-
Point slides, digital textbooks, web sites, digital images or videos. Y erefore,
an educator who is the author of such electronic material has to become thor-
oughly familiar with the laws applicable to the Internet environment and to 
use the contents therein. Y e notion that anything posted on the Internet is
freely downloadable and distributable is a common error. Rarely do users real-
ize that certain rules must be respected and they include, among others, the 
Copyright Law. Another interesting issue in this area to be solved by authors
teaching in the respective fi elds of clinical medicine relates to data owner-
ship rights, especially in cases when data from the medical records of real pa-
tients is used for the purpose of authoring teaching materials. Does the data
belong to the physicians, whose endeavours formed the materials, or is the
data the sole property of the patient? And where does the health care facility
come into the ownership? Y is question also should take into account that vari-
ous modalities were used to create the data in the fi rst place. Y ere are plenty
of other questions that can be encountered very o] en at various  fo rums—
e.g.  under what circumstances can the data be used for electronic support of 
teaching or learning?
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OWNERS OF INTELLECTUAL PROPERTIES—PUBLISH!

Educators—authors of electronic study materials—not only ask questions
relating to transgressions of the Copyright Law but o] en have concerns about 
the fate of their intellectual property. Y erefore, they are afraid of publishing
in a web-based environment built for the purpose of sharing their works, such
as the MEFANET portal platform, as they presume that any kind of sharing 
can lead to pilfering. Y e answer to their concerns is quite simple: such the] s 
can happen in the same manner as to the author s̓ car. Y e car can be broken
into or even stolen from a supermarket car park, regardless of the security
measures installed. But this fact does not deter the owner of the vehicle from
using it for his/her needs provided that adequate precautions are observed
and carelessness avoided. Similarly, the risk of pilfering of intellectual prop-
erty should not be the reason to deprive the righteous masses of such valuable 
works. Leave the thieves and plagiarists to their own dreadful fate, and owners
of intellectual property—publish your works!¹

INTELLECTUAL PROPERTY RIGHTS, COPYRIGHT LAW

Intellectual property, in general, refers to unique creations of the mind. Intel-
lectual Property Rights (IPRs), as a term, refers to the legal rights granted with 
the aim to protect the creations of the intellect. Moreover, copyright, refers to
the ‘right to copy’, and is essentially a form of IPRs applicable to any express-
ible idea or information that includes creative works [1, 2]. 

It may seem problematic that the Copyright Law deals with subjects such
as literary, audio-visual or scientifi c works—all of them being intangible as-
sets resulting from the process of thinking. In terms of human understanding,
a the]  of goods in a store is perceived diff erently when compared to unauthor-
ized copying and redistribution of a text published on the Internet. However, 
from a legal point of view, there are no such diff erences and in both cases it is
a violation of property rights, i.e. illegal acts.

1 Y e parallel to the risk of stealing a car is naturally not entirely accurate. Y e author, whose 
work someone copies or misuses, loses nothing compared to a person whose car was actually
stolen. Y e actual risk of negative impact of misused copyrighted works on the author is only
very slight, compared to the benefi ts resulting from the publication (i.e. well-known works of 
the author, the feedback possibility and citation potential), which are much more interesting.
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copyright law and internet

One can hardly imagine working daily without using the Internet. Y at is 
why it is important to remember that the Copyright Law applies to online ma-
terial as well. For example, if you were creating a web site, it is not permi~ ed to
copy the source code from another site and reproduce the template by adding 
your own contents to it. Y e content of the website itself cannot be redistrib-
uted without proper citations, which is o] en forgo~ en when creating or com-
piling electronic teaching or learning materials. Authors of scholarly articles
in scientifi c or engineering journals are usually very sensitive about the neg-
lect of citations of their scientifi c works. On the other hand, the authors are 
able to unconsciously ignore the fact that the Copyright Law lays down rules
for using citations of any kind of works including the texts or images posted
on the Internet. An appropriate question to ask would be if a predefi ned format 
in which the citation should be stated actually exists? Y e law does not stipu-
late a specifi c format. However, it does state that the title of the work as well
as the source and author s̓ name should be given in reference to the cited work,
if such data is available. Y ere are many diff erent systems of citations and ref-
erences varying across academic fi elds. It is, therefore, recommended to use the
most common system in the fi eld to which the work is focused on. It is not re-
quired to pay any fees when using someone else s̓ work within the citations [3].

When reproducing images, photos, audio or videos, it is important to re-
member that these items are also subject to Copyright Law and the use has
to meet the terms and conditions specifi ed in the license agreement with the 
copyright holder. For example, a proper citation will not be suffi  cient when
referencing an image owned by a company operating on the market with com-
mercial databases of digital media. Y is company has the right to control the 
reproduction of their work and may demand payment for such reproduction.

Copyright infringements, even inadvertently, occur almost on a daily basis.
In the practical application of Copyright Law, the degree of interference is ad-
judicated. Hence, authorities enforcing Copyright Law are principally engaged
in serious misconduct. For example, if someone creates a presentation of holi-
day photos with a familiar tune in the background and the purpose is to show
it to friends, despite the copyright infringement, the off ense is not likely to be 
acted upon by the relevant authorities [3].

copyright law and e-learning

Y e issue of IPR s̓ in connection with authoring of teaching materials also
engages legal departments at universities. An educator-author o] en needs to
use a portion of a text or an image retrieved from the Internet or scanned from
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existing textbooks and monographs. Obviously, graphic illustrations help to
be~ er explain the subject being taught and not every educator is skilled in cre-
ating computer graphics to draw a desired scheme or sketch by themselves. It
is, therefore, much easier and more effi  cient to use other resources and insert
them into the e-learning material along with proper citations. 

Educators—authors do not infringe the Copyright Law when they reuse [3, 4]:
A. excerpts from published works by other authors in reasonable extent in

their e-learning materials. It is a must to use the excerpts (snippets) only 
and not the whole work. Y e reasonable extent of excerpting means to con-
sider each individual case separately with ‘common sense’;

B. excerpts from works or even retrieved whole small works (e.g. a poem or
song) for the purpose of criticism or review. Such use must be in accord-
ance with fair practice and to the extent required for the specifi c purpose;

C. whole works by other authors in the classroom for the purpose of illustra-
tion or scientifi c research, not designed to achieve any direct or indirect 
economic or commercial benefi t. It is always necessary to specify, where 
possible, the name of the author, unless it is anonymous work, or the name
of the person under whom the work was placed in public, and the title of 
the work as well as the source. In other words, it is allowed to use the whole 
work for the purpose of teaching provided that the use of the work itself 
is not the only objective. 

figure b5.1 An advertisement for
copyright and patent preparation 
services from 1906, when copyright 
registration formalities were still
required in the US.  Retrieved 
from Wikimedia Commons
( h~ p:// en.wikipedia.org/wiki/
File:Copyrightpirates.jpg).
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antiplagiarism software

Not acknowledging the use of someone else s̓ work is called plagiarism and
it is these kinds of unethical authorship practices that are taken very ser-
iously by universities and publishers today. Many publishing houses declare
the policy of ‘Zero Tolerance on Plagiarism’ and recently have started to use
powerful so] ware solutions that can verify the origin of published works. For
example, CrossCheck is a well-known tool in the academic community. Y is
tool is powered by the Ithenticate so] ware from iParadigms. CrossRef mem-
bers collaborate to maintain a single database of published articles against
which checking can take place. CrossCheck uses originality detection so] -
ware to compare manuscripts against a unique database of more than 30 mil-
lion articles from over 200 publishers including Elsevier, IOP, Nature, Springer
and Oxford University Press, among others [5]. Besides proprietary solutions
like CrossCheck² there are also public services where one can run the detec-
tion of plagiarism in copy-pasted text or even in a submi~ ed document, see e.g.
Grammarly.com plagiarism checker³ or a text-similarity based search engine,
such as eTBLAST⁴. Universities in the Czech Republic generally use the sys-
tem Y eses.cz⁵, which was developed and is operated by Masaryk University.
It also serves as a national registry of theses.

Digital watermarking technique is usually used to protect authors of and
copyright owners of digital media. Basically, this technique embeds addition-
al information, or in simple terms an invisible signal, into an electronic doc-
ument (image, video, audio, 3D model, text, etc.). Y e watermarked version of 
that document then carries all the necessary information to identify author-
ship as well as copyright ownership. Digital watermarking methods can also
be used to guarantee authenticity of the digital media [6].

frequently asked questions

Very o] en, medical educators ask experts of Copyright Law at various
forums [3, 7, 8] on the same or similar topics. Y e following list comes with an-
swers to the three most common questions.
q1 Does the university own copyright to any of the works created by its aca-

demic staff  or students?
a1 In order to answer this, we have to consider two diff erent scenarios. (i) Works

created within the employment—the university holds the copyright unless

2 h~ p://www.crossref.org/crosscheck/
3 h~ p://www.grammarly.com
4 h~ p://etest.vbi.vt.edu/etblast3/
5 h~ p://theses.cz/
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otherwise agreed with the employee. (ii) School works, such as bachelor
theses, master theses, dissertations, essays or any task to meet the study
requirements at the university may be used by the university for teaching
or for its own internal use, but may not be used for the purpose of econom-
ic benefi t. However, this does not include computer so] ware.

q2 How can I ensure that my images from medical imaging modalities will not
be stolen? I publish them for the students in the learn management system 
of the university and some of them are rare and precious, especially to me.

a2 Whether an X-ray image or an image of a histological specimen should be
considered as copyrighted works depends on many factors. But most o] en
they are not perceived as the result of creative work and therefore, not pro-
tected by copyright. However, if the educator–author completes the image 
with arrows and labels (e.g. Latin names of specifi c regions of interest),
embeds it into the e-learning material, where it is further commented on,
then such an enriched image is defi nitely treated as the author s̓ work and
therefore, protected by Copyright Law.

q3 Can I reuse and cite an image with anatomical scheme, which I modifi ed,
so that the original labels were deleted and new labels translated into the 
Czech language were inserted? I would like to make the modifi ed scheme
available to students.

a3 If the labels are an integral part of the original scheme (not as separate list
of numbers or le~ ers), then the described modifi cation will represent as
infringement of the original work and may have legal implications. In this
case the consent of the copyright holder is required.

CREATIVE COMMONS LICENSES

Y e Creative Commons (CC) domain off ers a unique way to publish one s̓
content under the clear and comprehensible rules relating to IPRs. It helps 
to bring the open access approach⁶ into teaching and learning with the use
of modern information and communication technologies. Y is is the reason
why MEFANET and its core projects provide a set of pre-defi ned types of CC
licenses to its community during the authoring and editing process. 

6 Open access means unrestricted online access to peer-reviewed scholarly research. 
Open access is primarily intended for scholarly journal articles, but is also provided
for a growing number of theses, book chapters, and scholarly monographs. Open access
comes in two degrees: gratis OA, which is free online access, and libre OA, which is free online
access plus some additional usage rights. Y ese additional usage rights are o] en granted 
through the use of various specifi c Creative Commons licenses [9].
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Y e primary aim of Creative Commons public licenses, according to its status,
is to build a layer of reasonable and fl exible copyright into the existing restrict-
ive Copyright Law. Y e CC provides authors with a powerful tool for strength-
ening their position when specifying details about the terms and conditions 
governing the use of their work. Y e set of established licenses enable authors
to dedicate their creative and original work to the public domain [10]. All Cre-
ative Commons licenses have many important features in common. Every li-
cense helps authors to retain copyright while allowing others to copy, distrib-
ute and put the work to some use. Y ese common features serve as a baseline,
from which authors can choose to grant additional permission when decid-
ing how they want their work to be used. Since most authors, educators, and
scientists are not educated in law, the licenses are available in a format that 
is simply explained, making it easier to understand, with easy expression of 
some of the most important terms and conditions related to IPRs. It means that
the authors of works, the users, and even the Web itself can understand [11]
the CC licenses.

Since December 2002, several incremental versions have been made avail-
able to rationalize the text of licenses. Updates include the current version 4.0,
published in November 2013. Some of the clauses have been deleted or added 
during the upgrades and incompatibilities may occur as a consequence [12]. Y e
4.0 licenses are reported, however, to be the most robustly produced by Cre-
ative Commons to date⁷. Dozens of improvements were incorporated to make 
sharing and reusing CC-licensed materials easier and less dependable than 
ever before. Y e Creative Commons staff , board and community have iden-
tifi ed several goals for the 4.0 license suite, which includes [13]:
▶ Internationalization—to further adapt the core suite of international 

licenses to operate globally, ensuring that they are robust, enforceable 
and easily adopted worldwide;

▶ Interoperability—to maximize interoperability between CC licenses and 
other licenses in order to reduce friction within the commons, promote
standards and stem license proliferation;

▶ Long-lasting—to anticipate new and changing adoption opportunities
and legal challenges, allowing the new suite of licenses to endure for the
foreseeable future;

▶ Data/Science/Education—to recognize and address impediments 
to adoption of CC by governments as well as other important, 
publicly-minded institutions in these and other critical arenas;

7 CC4: Y ose who are interested in publishing works under this license should always look at
the national version according to the place where the work is going to be published. Y e CC 4.0
licenses have recently been imported into the Czech law, see h~ p://www.creativecommons.cz/
2014/06/04/zahajeny-verejne-konzultace-prekladu-licence-creative-commons-4-0/.
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▶ Supporting Existing Adoption Models and Frameworks—to remain mindful 
and accommodate the needs of our existing community of adopters
leveraging pre-4.0 licenses, including governments but also other
important institutions.

Creative Commons licenses consist of four major condition modules: At-
tribution (BY), requiring a~ ribution to the original author; Share Alike (SA),
allowing derivative works under the same or a similar license; Non-Commer-
cial (NC), requiring that the work is not used for commercial purposes; and
No Derivative Works (ND), allowing only original work, without derivatives.
Y ese modules are currently combined to form six major licenses of the Cre-
ative Commons⁸. Given that you are the author of intellectual property, these
are the six possible ways how CC licences protect your authorship.

attribution (cc by)
Y is license lets others distribute, remix, tweak, and build

upon your work, even commercially, as long as they credit
you for the original creation. Y is is the most accommodat-
ing of the licenses off ered. It is recommended for maximum
dissemination and use of licensed materials.

attribution share alike (cc by-sa) 
Y is license lets others remix, tweak, and build upon your

work even for commercial purposes, as long as they credit you 
and license their new creations under identical terms. Y is
license is o] en compared to ‘copyle] ’ free and open source
so] ware licenses. All new works based on yours will carry 
the same license, so any derivatives will also allow commer-
cial use. Y is is the license used by Wikipedia, and is recom-
mended for materials that would benefi t from incorporat-
ing content from Wikipedia and similarly licensed projects.

attribution no derivatives (cc by-nd)
Y is license allows for redistribution, commercial and non-

-commercial, as long as it is passed along unchanged and as
a whole, with credit to you.

8 Creative Commons licensing sample from [14]: Permission is granted under Creative Commons 
A~ ribution License to replicate, copy, distribute, transmit, or adapt this report freely provided 
that a~ ribution is provided as illustrated in the citation below. To view a copy of this license,
visit creativecommons.org/licenses/by/3.0/ or send a le~ er to Creative Commons.
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attribution non-commercial (cc by-nc)
Y is license lets others remix, tweak, and build upon your

work non-commercially, and although their new works must 
also acknowledge you and be non-commercial, they do not 
have to license their derivative works on the same terms.

attribution non-commercial share alike (cc by-nc-sa)
Y is license lets others remix, tweak, and build upon your

work non-commercially, as long as they credit you and license 
their new creations under identical terms.

attribution non-commercial no derivatives (cc by-nc-nd)
Y is license is the most restrictive of our six main licenses,

only allowing others to download your works and share them
with others as long as they credit you, but they cannot change
them in any way or use them commercially.

no rights reserved (cc0)
An additional special license-like contract is the CC0 op-

tion or No Rights Reserved. CC0 enables scientists, educators, 
artists and other creators and owners of copyright protected
content to waive such interests in their works and thereby 
place them, as completely as possible, in the public domain 
so that others may freely build upon, enhance and reuse the 
works for any purposes without restriction under copyright or
database law. In contrast to CC s̓ licenses that allow copyright 
holders to choose from a range of permissions while retaining 
their copyright, CC0 empowers yet another choice altogeth-
er—the choice to opt out of copyright and database protec-
tion, and the exclusive rights automatically granted to cre-
ators—the ‘no rights reserved’ alternative to our licenses [13].

ETHICAL ACCEPTABILITY OF E-LEARNING
WITH THE USE OF PATIENT MEDICAL RECORDS

In addition to the previously-mentioned IPRs, there is another problematical 
aspect and this is the ethical use of data obtained from real patients and then 
used in e-learning materials for students in the medical and health care fi elds.
Recently, these ethical aspects have been the subject of intensifi ed profession-
al discussions due to increasing public knowledge and other socio-economic
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changes. One noticeable diff erence is the gradual shi]  in physician-patient re-
lationship, which has moved from paternalism to partnership.

Does a physician-author commit an off ense if he or she uses data from med-
ical records of a patient in order to create or enrich e-learning materials? Who
is the rightful owner of medical documentation? Is it the property of the pa-
tient or does it belong to the physician or to the health care facility? Medical 
records and documentation in practice by R. Policar [15] focuses on this topic
in detail. Concurrently, the Supreme Court of the Czech Republic has also been 
looking into these issues. According to the Czech law, property rights only per-
tain to medical documentation but the information on the document is not re-
cognized as ownership material. A patient has the right to be familiar with the
information provided therein, has the right to read information from the med-
ical records and also has the right to be given a copy of his/her medical record.
However, a patient does not have the right to acquire ownership of the origin-
al medical documentation [15].

Y e same rules apply when:
▶ using data from medical records,
▶ evaluating the ethical acceptability of biomedical research,
▶ using the data from medical records for the purpose of creating or

enriching e-learning materials. 

Everything must be done in accordance with the law and the patient has 
to be informed about the objectives and nature of the materials intended for 
use. A patient must give wri~ en informed consent and it is this document that 
lets the patient know how the data will be handled—through informed con-
sent. Of course, there should be suffi  cient space for any questions related to
a patient s̓ participation in an e-learning project. Intelligible and adequate in-
structions must also be compiled and duplicated in order to create an agree-
ment with one copy going to the patient. Ample time for the patient to decide 
is also necessary [16].

DISCUSSION

Y e above text is drawn from the Czech law, particularly on specifi c issues,
such as the extent of citing and excerpting someone s̓ work or the questions
regarding works created within employment. IPRs are, however, governed by
the law of the place where the work has been created, and its use is governed
by the law of the place where it is used. Copyright protection is generally com-
parable throughout the civilized world thanks to existing international con-
ventions, but on specifi c issues the national legal systems may vary—even
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within the EU. Y e particular conditions for the protection of intellectual prop-
erty described in this chapter apply to the use of works in the Czech Republic.

Special a~ ention has to be paid in case of copyrighted works with a com-
ponent created using medical documentation (here again the national legal 
systems diff er in what is considered the copyrighted work—it may be even an 
X-ray image in some countries). Besides originality and authorship, very im-
portant is the legislation regarding handling of medical records, general le-
gislation regarding the protection of personality and regulations for the pro-
tection of personal data. All these legal regimes apply to such cases jointly. In 
practice, it is necessary to solve the legal issues of publishing any medical doc-
umentation component through the patient s̓ informed consent.

In practice, it is a common problem that the author provides a journal or
a publishing house with exclusive license to his/her work, and then decides to 
recycle it for use in some proceedings or a book. Y e intention or cause might
be quite innocent—somebody might ask the author of the article to agree on its 
inclusion in a collection or a reader-book. Authors should realize that the work
to which they have given someone a license may no longer be at their disposal—
especially in the case when the license is exclusive and thus prevents even the
author from further re-using the work. Higher risks are when combined with
public/free/open licenses, such as CC. Y ere are cases when scientists, in good
faith but mistakenly, put their articles into repositories available under CC but
which previously had been published in prestigious journals. If the procedure
is reversed, no problems arise. At fi rst a dra]  manuscript needs to be given to
the public under CC licenses in order to collect responses and feedback, and
then at the end the completed article may be off ered to a publisher exclusively.
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▶C1◀

THE SYSTEM OF E-PUBLISHING EDUCATION MATERIALS
AND INFORMATION DISCOVERY SERVICE IN MEFANET

daniel schwarz, martin komenda, ladislav dušek

‘Data is a precious thing and will last longer than the systems themselves.’
tim berners-lee

Summary. One of the basic goals of Medical Faculties Network (MEFANET) 
is to advance medical teaching and learning with the use of modern informa-
tion and communication technologies. For this purpose, MEFANET, as an in-
strument, embarked on developing an original and uniform solution for edu-
cation web portals that, together with Central Gateway, off er and share digital 
education content. Y ree fundamental elements of the MEFANET e-publish-
ing system are described here: (i) medical disciplines linker—to sort and cat-
egorize the published items; (ii) authentication/authorization framework—to 
provide an eff ective and easy authentication mechanism for user identifi cation;
(iii) multidimensional quality assessment—to ensure the publishing of qual-
ity data content. Metadata schema of the e-publishing system is also presen-
ted here—this ‘data about data’ is used to describe education content pub-
lished through the MEFANET portal platform, in order to be~ er organize the 
contents and to facilitate the acquisition of relevant information as well as its
context. Y e information discovery service of the MEFANET portal platform
includes full-text indexing in metadata as well as in the referenced documents 
and faceted search with dynamic clustering of the search results.

⁄ Keywords: 
▶ e-publishing
▶ metadata harvesting
▶ taxonomy
▶ federated authentication
▶ digital quality assessment
▶ web-scale discovery system
▶ deep indexing
▶ faceted navigation

⁄ Reviewer: 
▶ stanislav štípek
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figure c1.1 MEFANET covers all medical schools in the Czech Republic and Slovakia. 
Y ey share each other s̓ digital teaching and learning materials by using an e-publishing 
system, which consists of eleven instances of education web portal and the Central Gateway.
Y e extensions of the MEFANET e-publishing system appear as standalone platforms 
for their users. However, all teaching or learning materials indexed by the MEFANET Central 
Gateway undergo similar procedures for multidimensional quality assessment [4].
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STANDARDIZATION AND SHARING OF A PORTAL PLATFORM
AMONG ALL MEDICAL FACULTIES IN THE MEFANET PROJECT 

Y e Medical Faculties Network (MEFANET) has established itself as the au-
thority for se~ ing standards for medical educators in the Czech Republic and
Slovakia, two independent countries with similar languages that once com-
prised a federation and that still retain the same curricular structure for med-
ical education. One of the basic goals of the network is to advance medical
teaching and learning with the use of modern information and communica-
tion technologies. For this purpose, MEFANET, as an instrument, embarked
on developing an original and uniform solution for education web portals that,
together with Central Gateway, off er and share digital education content. Y e
primary objective of the MEFANET portal platform is to ensure publishing 
and horizontal accessibility of electronic teaching tools for teachers and stu-
dents, while fully respecting the independence of the individual faculty [1–3].

A community of eleven medical faculties provides a large target audience,
encompassing various academic staff  members—over 30 000 potential  users. 
Logically, there appeared the need for a transparent and unifi ed source of 
teaching contents. It was decided to design and implement a robust e-publish-
ing system, which provides the following benefi ts in particular to the users at
engaged medical faculties: (i) easy data sharing and capturing; (ii) ease of use 
and access; (iii) common authentication framework; (iv) quality assessment
of published contents.

Y ere are plenty of tools and platforms for sharing electronic resources, but 
it was known in the MEFANET technical team right from the beginning that
specifi c target groups would be addressed: and those were medical teachers
and students. Y erefore, the idea of a central LMS (Lear Management System)
or a sophisticated digital library was rejected from the start, since such plat-
forms do not provide the authors of education contents with the possibility of 
publishing their work—not making them easy to be followed by others. An ori-
ginal system for electronic publishing was developed which, simply put, is for 
teachers and students just like a medium where the electronic resources are
always reviewed and should be cited when reused.

Y e idea of a shared e-publishing system is based on a set of standalone web 
portals. Obviously, it is not a good idea to rely on a centralized application hosted
for all medical schools, which could prove to be infl exible and rather a more
vulnerable alternative solution. Essentially, each portal instance is an inde-
pendent publication media with its own ISSN code and editorial board. Local
metadata describing the digital education contents are replicated regularly
in the Central Gateway. In other words, the e-publishing system is regularly
doing here something what we refer to as metadata harvesting, see figure c1.1.
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new ict tools for technology-enhanced learning

Recently, new tools for technology-enhanced learning have been intro-
duced to the MEFANET network besides the common e-publishing system. 
Y ese new tools appropriately complement the portal platform for e-publish-
ing, as they provide higher level of interactivity for students during their self-

-study process. figure c1.1 shows how the new four tools such as Sandbox¹, 

1 MEFANET Sandbox—h~ p://sanbox.mefanet.cz—has been created in response to the
procedures of mentally active monitoring. Y ese procedures have set and strict rules for
published contributions—all metadata have to be completed, the contributionsʼ granularity 
is checked for defi ciency or excess of a~ ached documents and all the a~ achments or external 
links have to be available for assigned user groups. It is not always possible to stick to all 
these rules, as the electronically published teaching materials pass through various stages
of development. However, it would be a pity not to off er them to students as supplementary 
materials, although without the guarantee of quality. Additionally, such teaching materials
should be off ered to potential co-authors from other faculties. Y us, Sandbox may potentiate 
the collaborative creation of electronic teaching materials among teachers.
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figure c1.2 Overview of all a~ ributes in MEFANET metadata schema.
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WikiSkripta² (see chapter c3), Moodle-MEFANET³ (see chapter c4) and
Serious Games⁴ (see chapters b2 and c2) are related to the already estab-
lished and standardized MEFANET Central Gateway⁵.

mefanet metadata schema

Metadata is used to describe education content published through the
 MEFANET portal platform, in order to be~ er organize the contents and to facili-
tate the discovery of relevant information as well as its context. Y e  MEFANET
metadata schema consists of a set of compulsory and optional a~ ributes, see
their overview in table c1.1 and figure c1.2.

MEFANET EDUCATION WEB PORTAL

Every member of the network provides a standalone instance of the
MEFANET portal platform in the form of an education web portal, which dif-
fers only in local confi guration, graphic template and various ISSN (Interna-
tional Standard Serial Number). Y e main purposes of the MEFANET educa-
tion portal are: (i) to help teachers with publishing their education works; to 

2 WikiSkripta—h~ p://www.wikiskripta.eu—provide a collaborative Web2.0 space for the 
production and storage of medical teaching materials. Y is platform is mainly aimed at
continuous creation and editing of texts for pre-gradual education by students themselves.
An editorial team has been designed to provide support to authors as well as for quality
monitoring. Y e most important feature of WikiSkripta is simplifi cation of production of 
learning materials, easy updating, and inspiring cooperation among people interested in the
same topics. Y e texts are not created in the form of encyclopedia contributions; rather, short 
chapters of a textbook are produced.

3 Moodle MEFANET—h~ p://moodle.mefanet.cz—is one instance of LMS for those teachers from
MEFANET community who want to try to design and run an electronic course. Moodle belongs
to learning management systems and is available as open-source so] ware under the GPL open
license. It integrates various tools for study management and sharing of teaching/learning
materials. Among others, the system makes it possible to control access rights, to provide tools
for the administration of courses, study plans and studentsʼ activities. Further, it contains 
tools for communication, creation, operation and evaluation of teaching courses and objects, 
studentsʼ examination, etc.

4 Y e Serious Games extension—h~ p://games.mefanet.cz—is the latest development in 
MEFANET and it is designed for indexing metadata about simulation-based learning objects, 
also known as electronic virtual patients or virtual clinical cases.

5 Y e MEFANET Central Gateway—h~ p://portal.mefanet.cz—is another web-based application
that collects all metadata from the web portal instances across the MEFANET network.
Students and academic staff  can search and browse through the contributions of diff erent
medical faculties sorted by medical disciplines, authors, schools or other criteria.
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help authors of multimedia teaching and learning tools to communicate with
the users of these tools; (iii) to help people involved in lifelong learning of 
physicians and health care professionals; (iv) to help students of medicine and
healthcare disciplines with navigating through various tools for electronic sup-
port of their education. All independent instances of the education web portal 
are complemented by the MEFANET Central Gateway. Y is crucial part of the
MEFANET e-publishing system enables eff ective gathering of all metadata on
the contents published, with the use of portal instances. A complete image of 
the available digital contents across the whole network is constructed in this
way. Users can freely browse the objects sorted by various a~ ributes, such as
the medical discipline, author, faculty, or quality assessment criteria [5].

technologies

Y e education web portal as well as all other components of the MEFANET
portal platform has been developed in the form of web-based applications 
using PHP programming language and MySQL database on the server-side, 
and with the use of XHTML, CSS2 and JavaScript on the client-side. Selected
third-party components were also used, such as eduID.cz federation (authenti-
cation framework), Apache SOLR engine (full-text search and document deep 
indexing) jQuery (javascript library), Google Analytics (monitoring and ana-
lytics) and CKEditor (rich text editor). Y e newest version of the MEFANET
Central Gateway has been coded with the use of Foundation5 (responsive⁶
front-end framework).

FUNDAMENTAL ELEMENTS OF THE MEFANET 
E-PUBLISHING SYSTEM

Y e MEFANET Central Gateway is not only a place for publishing, but it works 
also as a search engine that gathers metadata about teaching materials pub-
lished at diff erent medical faculties, which means that it is actually a ‘Google’ 
for medical schools. When intending to combine teaching materials from dif-
ferent medical schools, it is necessary to implement certain rules or maintain
some basic principles of publishing in the MEFANET. Alternatively, one would 
end up presenting an incompatible mixture to medical students. 

6 Responsive webdesign is an approach to site coding providing easy reading and navigation
with minimum resizing, panning, and scrolling across a wide range of devices, from mobile
phones to desktop computer monitors.



c1 ⇒ 101

the system of e-publishing education materials and information discovery service in mefanet

Scalability and extensive customizations are the important and desired
properties of the MEFANET portal platform. On the other hand, there are
several legitimate requests for particular common conventions that should
be followed on the part of local administrators. With this in mind, three fun-
damental elements in the MEFANET e-publishing system have been estab-
lished, which are common and obligatory to all portal instances and the Central 
Gateway: (i) medical disciplines linker—to sort and categorize the published
items; (ii) authentication/authorization framework—to provide an eff ective
and easy authentication mechanism for user identifi cation; (iii) multidimen-
sional quality assessment—to ensure the publishing of quality data content. 
 Other features, such as properties and functionalities, can be adapted or loc-
alized to meet the needs of the particular institution. A detailed description of 
the three fundamental elements is given further in this chapter.

medical disciplines linker

Essentially, it is a kind of medical specialization list, which represents the
main taxonomy of contributions within the frame of the network. It is the
only obligatory structure for all instances of the education web portal and the 
Central Gateway, see table c1.2. An alternative could be to use what other au-
thors refer to as the standard Conspectus method [6]. However, medical dis-
ciplines mapping according to the Conspectus method proved to be inapplic-
able for MEFANET purposes.

backofficefrontoffice

INSTANCE OF THE MEFANET EDUCATIONAL WEB PORTAL

dummy editor guarantor
administrator reviewer

mefapersonauthor

figure c1.3 FrontOffi  ce and Backoffi  ce sections of the MEFANET
education portal instance with user roles assigned.
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table c1.1 Overview of all a~ ributes in MEFANET metadata schema. Y e a~ ributes controlled
by vocabulary are in bold with an asterisk. Y e obligatory a~ ributes for all MEFANET 
portal platform extensions are in deep orange. Y e system a~ ributes are in light orange.

A} ribute name Database entity Portal Sandbox WikiSkripta Serious
Games

MEFANET
Moodle

Id id

Local id export_id

Platform id source_id

State active

Resource title title

Resource URL url

Authors authors

Institutions* institutions

Annotation annotation

Discipline* discipline

Annotation
Image URL

annotation_img_
url

Educational 
level* level_id

Figure—title fi gure_title

Figure—
description fi gure_description

Figure—URL fi gure_url

Educational
content body

A~ achments
(URL) a~ achments

Linked resources linked_resources

Keywords keywords

Resource 
language* language

Media type* media_type

Resource type* type_id

Reviewed is_reviewed

Review report review_report

User score user_score

CC license cc

Creation date created_at

Last modifi cation 
date lastmod_at
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table c1.2 Y e list of medical disciplines for categorization of education content. Any 
change to this taxonomy is subject to approval of the MEFANET Coordinating Commi~ ee.

Anaesthesiology and Intensive Care Medicine Anatomy 

Biology Biophysics 

Cardiology, Angiology Dentistry 

Dermatology Diabetology, Dietetics

Emergency Medicine Endocrinology, Metabolism

Epidemiology, Preventive Medicine, Hygiene Gastroenterology and Hepatology

General Practice Medicine Genetics

Geriatrics Haematology

Health Care Sciences Histology, Embryology 

Immunology, Allergology Infectology

Internal Medicine Laboratory Diagnostics

Medical Ethics and Law Medical Chemistry and Biochemistry

Medical Informatics and Information Science Microbiology

Nephrology Neurology

Neurosurgery Nuclear Medicine

Obstetrics, Gynaecology Occupational Medicine and Toxicology

Oncology, Radiation Y erapy Ophthalmology and Optometry

Other Otorhinolaryngology 

Paediatrics, Neonatology Pathology and Forensic Medicine

Pharmacology Physiology and Pathophysiology

Psychiatry, Psychology, Sexology Public Health Care, Social Medicine

Radiology and Imaging Rehabilitation, Physiotherapy, Occupational
Y erapy

Respiratory Medicine Rheumatology

Sports Medicine Surgery, Traumatology and Orthopaedics

Urology
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Anaesthesiology and Intensive Care Medicine, 

Anatomy, Biology, Biophysics, Cardiology, 

Angiology, Dentistry, Dermatology, Diabetology,

Dietetics, Emergency Medicine, Endocrinology,

Metabolism … Discipline 56

Discipline 1

Discipline 2

…

Discipline N

Anaesthesiology and Intensive Care Medicine, 

Anatomy, Biology, Biophysics, Cardiology, 

Angiology, Dentistry, Dermatology, Diabetology,

Dietetics, Emergency Medicine, Endocrinology,

Metabolism … Discipline 56

Discipline 1

Discipline 2

…

Discipline N

single guarantee multiple guarantees

reviewers

reviews
(xml template)

contribution,
author

figure c1.5 A contribution workfl ow scheme. 1. Y e author and technical editor fi nishes
the contribution. 2. Y e guarantor, who is associated with particular medical disciplines, 
is notifi ed about a new contribution to his/her fi eld of interest. 3. Y e guarantor, either 
alone or with the help of the faculty s̓ editorial commi~ ee, invites two reviewers to 
present their reviews online with the use of XML-template-generated forms.
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figure c1.4 Four-dimensional quality assessment of the contributions involves
the following four dimensions: 1. expert review, 2. education level of target users,
3. classifi cation by type, and 4. self-study score.
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the authentication/authorization framework

Y e authors of the shared teaching materials can choose from the follow-
ing user groups, in order to permit or deny access to their materials: (i) non-
registered anonymous users, (ii) registered anonymous user who accepts
the terms of use within his/her registration, (iii) MEFAPERSON—user of 
MEFANET network, i.e. a student or teacher from any Czech or Slovak medical
school, (iv) a user from a local university whose affi  liation to that university
has been verifi ed at the portal via the local information system, (v) a user to
whom a~ achments are made available only a] er the author s̓ explicit consent.
Services of the Czech academic identity federation eduID.cz are used in order to 
check the affi  liations of the users of the portal instances. Y is federation uses
the Shibboleth technology, which is one of the several authentication frame-
works allowing the sharing of web resources among institutions using the
SAML (Security Assertion Markup Language) standard protocol. Y e portal
instances act as service providers in this federation, whereas the information
systems of the involved schools act as identity providers.

Y anks to the identity federation eduID.cz—a service provided by the Czech 
academic internet operator CESNET (see detail in chapter b4)—users of the
MEFANET portal platform do not have to create eleven separate accounts—they
just log in to their home institution and this institution provides their iden-
tity data to the service providers, which are the MEFANET portal instances.

multidimensional quality assessment

Y ere are four dimensions of critical importance when evaluating the qual-
ity of electronic teaching materials: 1. expert review, 2. education level of tar-
get users, 3. classifi cation by type, and 4. self-study score, see figure c1.4. Y e
review includes binary questions as well as open questions. Y e structure of 
the review-form can be localized easily, just by modifying an XML template
fi le. Y e second dimension is represented by the education level of the target
group of the teaching material, which is a useful piece of information for the
users as well as for the reviewers. Y e next dimension is represented by a mul-
tiple-choice classifi cation according to the types of a~ achments—the enumer-
ated scale includes static fi les for web-based learning as well as interactive 
e-learning courses encapsulated in the learning management systems. Y e
last dimension—self-study score—shows what users think about the usabil-
ity of a particular contribution in their self-studies. Y ey select a scalar value
on a scale of 0 to 100 points and further add information about their education
level: a) student, b) graduate, c) postgraduate. Y e fi nal score is computed as
a weighted average of all votes, where the weights refl ect the gap between the
student s̓ level and the level of contributions̓ target users.
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figure c1.6 Progress of published contributions (May 2008 – August 2014): 
a) MEFANET Central Gateway and SANDBOX, b) MEFANET Central Gateway alone: 
since the successful implementation of all editorial processes, the MEFANET portal platform
has been the only continuous source for students concerning quality evaluated materials.
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Y e values of the fi rst three dimensions of the 4-D assessment are composed
by authors, guarantors and reviewers. Y eir activities as well as the workfl ow
of a contribution are explained in figure c1.5. Besides the 4-D quality as-
sessment, all contributions submi~ ed to the Central Gateway undergo an ad-
ditional editorial process called ‘mentally active monitoring’. It focuses on the
following issues: (i) metadata is fi lled properly; (ii) granularity of the a~ ach-
ments is appropriate; (iii) all a~ ached documents and the links are accessible
for users with MEFAPERSON role, at the least. Y e monitoring of these three
important issues is done not only at syntax level but also semantically, and it 
is therefore carried out by a team of editors in cooperation with the editors
responsible for the local portal instances.

MEFANET CENTRAL GATEWAY:
DEEP INDEXING AND FACETED SEARCH

Y e latest developments in the MEFANET portal platform directed towards
web-scale discovery system. Y e term web-scale discovery (WSD) system or 
services refers to a tool with the major application sphere in libraries and infor-
mation science. A WSD system provides its users with the possibility of seam-
lessly searching across a vast range of local and remote content. One single
search across a comprehensive index typically produces a large, relevancy-
ranked results list with the possibility of refi ning the searching results using
facets. Faceted search or faceted navigation allows users to be~ er explore the
search results with the use of multiple fi lters corresponding to the properties
or values of the information elements. As the properties and values of the in-
formation elements vary with diff erent search results, facets perform their dy-
namic clustering and allow accessing the content in multiple ways rather than
in a predetermined, taxonomic order. In the case of the MEFANET Central Gate-
way, the following facets are used: (i) accessibility and user roles, (ii) medical 
disciplines, (iii) education level of target users, (iv) keywords, (v) languages,
(vi) faculties, (vii) resource types, (viii) portal platform and its extensions.

Y e open source SOLR™ search platform from the Apache Lucene™ project 
was used in the MEFANET Central Gateway for faceted search, full-text con-
tent indexing and handling documents (e.g. Word documents, PDF documents
or PowerPoint presentations) a~ ached to the contributions—this feature is 
sometimes referred to as deep indexing. Y e total size of the index is only 90
MB though containing 8886 documents of diff erent sizes: 6804 are included
from the content published on WikiSkripta and 1082 documents are from the
content published on the MEFANET portal platform (the numbers are valid
as of August 2014).
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Y e number of contributions published through the MEFANET portal plat-
form has been growing since the launch of the Central Gateway, see figure c1.6. 
Y e fi rst three local rapid risings correspond to the process of gradual launch-
ing of new instances of the web education portal. Y e last rapid decline corres-
ponds to the introduction of the above-mentioned ‘mentally active monitor-
ing’, i.e. quality assessment procedures and other rules pertaining to metadata
completeness and public availability of referenced documents. 

DISCUSSION & CONCLUSIONS

High-quality digital education contents production has become a ma~ er of 
prestige at medical schools in the Czech Republic and Slovakia, and the volume
of teaching and learning materials available is growing rapidly—thanks to 
the MEFANET project and its ICT platforms, which have been continuously
developed and adopted to the needs of the MEFANET community since 2007.
Four new extensions, which complement the e-publishing system standard-
ized in MEFANET, are usable independently; however, their complex appli-
cation in conjunction with the portal platform as a tool for fi nal e-publishing
will allow more eff ective repurposing of the materials created with the use of 
the extensions, as well as broader integration of the digital education contents
among the MEFANET community. Further development aims at encouraging
the publication of materials for the teaching of clinical reasoning based on the
concept of interactive algorithms or virtual patients.
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CASE-BASED INTERACTIVE LEARNING IN MEFANET
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‘Too much teaching kills the learning!!!’
nicholas balacheff

Summary. Y is chapter introduces a special extension of the MEFANET e-pub-
lishing system devoted to all types of serious games produced and shared 
across the education network. Presented herein are four diff erent case studies
demonstrating the results of eff orts in creating advanced teaching and learn-
ing tools based on simulations and combined with up-to-date pedagogical 
methods, such as problem-based learning. Given that these case studies dif-
fer among themselves in many ways—either in a specifi c medical fi eld or in
technical or didactic processing—their descriptions in this chapter vary as 
well. AKUTNE.CZ interactive algorithms and SEPSIS-Q education scenarios—
created at Masaryk University—are focused on the management of a wide 
range of acute patients and situations. PEDKAZ is a database of linear clin-
ical cases in paediatrics following the principles of evidence-based medicine. 
E KAZUISTIKY are virtual cases delivering branched learning objects focused
on optimal diagnostic procedures. Y e last case-study, HUMMOD-GOLEM,
is focused on physiology modelling and explaining the history and the state-

-of-the-art nature of integrative physiological modelling.

 ⁄ Keywords: 
▶ MEFANET
▶ gamifi cation of medical education
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▶ acute medicine
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▶ educational clinical scenarios
▶ problem-based learning
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▶ team-based learning
▶ studentsʼ a~ itudes
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EPISTEMOLOGICAL QUESTIONS

Y e challenge in designing and implementing computer-based learning en-
vironments is the complete and comprehensive incorporation of all pertinent
teaching features: the capacity to recognize and capture relevant events from 
observing learner activity, the ability to understand the learning needs and
then to provide adequate feedback in the most appropriately adapted form.
Y is task becomes even more demanding when the concerned knowledge can-
not be fully accessed with explicit representation but has to be materialized by
means of simulations and shared within the apprenticeship approach. What
is meant by ‘relevant event’, ‘learning needs’ and ‘adequate feedback’ rep-
resent epistemological¹ questions that cannot be answered only in technical
terms [2]. Y is statement can be also supported by the outputs from the review
in chapter b5, which was focused on papers relevant to gamifi cation of med-
ical education. Simulation-based medical education should not be perceived
only from the perspective of technologies. Simulations facilitate learning only
when learning eff orts are supported by appropriate design of the lessons and
the learning environment, as well as by educators who are particularly well-
trained in medical simulation.

Y e optimal shape of the computer-based learning environment employing
simulation modalities should follow the results of a carefully designed research 
study taking into account various local socio-cultural conditions. Regarding
the situation across the MEFANET network, the fi rst pilot studies have already
appeared, mainly in acute medicine [3, 4]. Y e authors of the papers described
their simulators as interactive algorithms and educational scenarios. Both these
variants can be, however, classifi ed as event-driven, screen-based text simula-
tors with low fi delity—according to the classifi cation of simulators provided in
table b2.1 and table b2.2. Y e same classifi cation applies to all three herein
described case-based learning environments across MEFANET, whereas the
last fourth case study describes computer-based medical simulations employ-
ing complex mathematical models of physiological regulation systems.

As it was shown in figure c.1, one of the extensions of the MEFANET e-pub-
lishing system is devoted to all types of serious games produced and shared

1 Epistemology is the branch of philosophy concerned with the nature and scope of knowledge
and is also referred to as ‘theory of knowledge’. It questions what knowledge is and how it
can be acquired, and the extent to which knowledge pertinent to any given subject or entity
can be acquired. Much of the debate in this fi eld has focused on the philosophical analysis
of the nature of knowledge and how it relates to connected notions such as truth, belief, and
justifi cation. Y e term ‘epistemology’ was introduced by the Sco~ ish philosopher James 
Frederick Ferrier (1808–1864) [1].
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across MEFANET. Y erefore, it is obvious that the metadata harvesting pro-
cedures, which were described in chapter c1 mainly for web-based learning 
materials, include also metadata describing and classifying various features
of the particular case-based learning environments or even individual cases,
see table c1.1 and figure c2.1.

SERIOUS GAMES ACROSS MEFANET: FOUR CASE-STUDIES

case study 1: acute medicine [akutne.cz, sepsis-q.cz]

AKUTNE.CZ interactive algorithms in the teaching/learning of acute medi-
cine take the form of content-rich virtual cases as they link together process
fl owcharts and multimedia. Creating such algorithms or electronic virtual pa-
tients is extremely laborious and time-consuming. Following the principles of 

figure c2.1 One particular case of a screen-based text simulator
(AKUTNE. CZ interactive algorithm) displayed at the serious gaming 
extension of the MEFANET e-publishing system: h~ p://games.mefanet.cz.
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student-centred learning, the authoring teams comprises of medical students
of the 4th, 5th, and 6th year of study under the constant and expert supervi-
sion of an experienced clinician. Y e estimated time spent on actual work to
produce one interactive algorithm is roughly between 10 to 50 hours (approx. 
one semester). Y e team members exhaust their time on collaborative work 
including the creation of multimedia content, essential meetings and self-

-study. Y e fi rst dra]  of an algorithm is then prepared as a text fi le describ-
ing the situation at each node and then progresses to designing the correct as
well as incorrect answers, inclusive of comments to the set of answers. A] er

Acute medicine
topic selection

Problem-Based Learning
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figure c2.2 Y e authoring workfl ow of an interactive algorithm leads from choosing the topic
through a review process to deployment to teaching in the form of a moderated PBL session [3].
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incorporating the supervisor s̓ remarks, the values for vital signs and phys-
ical and laboratory examinations are added and the whole algorithm is then
entered node-by-node into an online Backoffi  ce application, together with sup-
plementary multimedia fi les. Each algorithm must contain at least one video 
and/or one picture in all its nodes. Y e resulting algorithm to be played with 
is generated in the form of a fl ash object. Prior to publishing, its URL is fi rst
sent for internal review by the AKUTNE.CZ group a] er incorporating the com-
ments of an external reviewer—an experienced clinician or an academic staff  
member. For external reviews, preference is given to peer-reviewers outside
the authorsʼ institutions. With all the comments and remarks addressed, the
algorithm is then supplemented with metadata for subsequent publication on
the AKUTNE.CZ education portal and indexed by the MEFANET Central Gate.
Y e completed and published algorithms are used by students, either as out-
lines for Problem Based Learning (PBL) sessions or as supplementary learn-
ing objects for training and adopting correct clinical reasoning skills. Y e au-
thoring workfl ow is summarized in figure c2.2.

Y e interactive algorithms are authored using a web-based (PHP/MySQL)
backoffi  ce application, which provides the students–authors with the following
functionalities through its online forms and dragʼnʼdrop control: 1. node-based 
scenario design, 2. description of the situation in each node, including the in-
tervals of parameter values of vital functions, intervals of laboratory values
and multimedia, 3. description of the correct answers as well as distractors with
the option to repeat or end in fatality, 4. data export of each fi nished algorithm 
to an XML document. Y e resulting XML documents are then rendered into
a Flash Player or HTML5 object resembling a serious game. A student–play-
er moves between the nodes during the game; the nodes may be of diff erent
types, see figure c2.3. Each move causes a shi]  in the timeline as a side ef-
fect of the student–player s̓ response, lending authenticity to the scenario and 
creating a stress eff ect, which is very much pronounced in real-life situations
when dealing with acute patients. Continuous change in the various numer-
ical parameters refl ecting the development of the patient s̓ clinical status and
vital signs over time (such as blood pressure, pulse, oxygen saturation, etc.)
is also available. A screenshot of an algorithm node is shown in figure c2.4.

SEPSIS-Q Educational Scenarios comprise an important part of the 
EPOSS² & SEPSIS-Q research projects, which are aimed at developing a data-
base for monitoring the survival and treatment course of patients with severe 
sepsis and mapping of sepsis epidemiology in the Czech Republic, as well as
assessing the quality of life and improvement in the quality of care provided 
to patients under treatment for severe sepsis. A data acquisition system, which

2 EPOSS: Data-based Evaluation and Prediction of Outcome in Severe Sepsis
(h~ p://eposs.registry.cz)



116 ⇐ c2

case-based interactive learning in mefanet

is the core ICT facility of the projects, includes a set of online forms (electron-
ic case-report forms—eCRF) for fi lling parametric data such as the input data
(fulfi lment of the criteria of severe sepsis, birth date, gender, clinical work-
place, etc.), the clinical parameters recorded in 10 stages during the fi rst seven
days of hospitalization, as well as information on anti-infection therapy re-
garding the course of the disease and fi nally, information on discharge from 
hospital (discharge protocol). Furthermore, there are inputs for follow-ups
on the 90th, 180th and 360th days of the diagnosis, as well as a form to de-
scribe the causes and the date of death. Y e EPOSS database allows export of 
septic patient data to the SEPSIS-Q education portal, constituting the corner-
stone of SEPSIS-Q scenarios. Y e authoring process of SEPSIS-Q scenarios is
shown in figure c2.5.

Y e SEPSIS-Q education portal³ is equipped with BackOffi  ce application (PHP/
MySQL), which enables convenient and comprehensive web content manage-
ment. Upon the completion and approval of a clinical scenario, it becomes im-
mediately available online through the appropriate section of the  SEPSIS  -Q
education portal. Here, the scenarios are sorted by mortality, gender, the sever-
ity of the sepsis and according to the organ/systems that are the primary source

3 SEPSIS-Q education web portal: h~ p://www.sepsis-q.cz
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figure c2.3 Various types of nodes and options/answers, 
which may be used for authoring an interactive algorithm [4].
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of sepsis. Each scenario comprises the title and an abstract and information on
the respective author. Selecting one scenario from the entire collection activ-
ates a player, which takes the form of a Flash or HTML5 object executed in the
Adobe fl ash player environment—see the screenshot in figure c2.6. 

Y e lack of support for Flash technology on mobile devices from Apple promp-
ted the developers of AKUTNE.CZ interactive algorithms as well as SEPSIS-Q
educational scenarios to shi]  towards HTML5 and jQueryMobile technologies,
in order to off er the simulation-based learning/teaching tools in cross-plat-
form manner.

Scenario-based learning sessions in courses that use the interactive al-
gorithms and/or educational scenarios take usually 3 hours. Y e lessons are
carefully designed with clear learning objectives and contain a~ ractive elem-
ents of problem-based learning and team-based learning methods (PBL/TBL). 
Y e fi rst half of the lesson comprises of presenting the theoretical context. 
In the second part, students use their computers and play with the selected
interactive algorithms to complement the discussed topic. Students then go
through the algorithms̓ nodes on a projection screen together with a teacher.

figure c2.4 Detailed screenshot of one node of an algorithm for training clinical reasoning
skills in acute coronary syndrome [3]. Y ere are more than 40 online algorithms in the Czech/
Slovak and English languages covering a wide range of topics in acute medicine. Peer-reviewed
algorithms were used for conducting PBL-like sessions in General Medicine (First Aid, 
Anaesthesiology and Pain Management, Emergency Medicine) as well as in Nursing (Obstetric
Analgesia and Anaesthesia for Midwives, Emergency Medicine, Intensive Care Medicine).
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A] er introducing the situation at the presented node, students vote for further
action and try to explain their reasons for the decision based on their know-
ledge. Bad and good choices are explained to them with supplementary theor-
etical background. Students can use any information available on the Internet 
or in other resources to gather evidence and facts for their choice. Y e teach-
er then adds clinical experience as well as tips and tricks for the specifi c situ-
ation. Evaluation and debriefi ng along with a short questionnaire is conduc-
ted at the end of each PBL/TBL session.

Evaluation of studentsʼ a} itudes to the use of simulations in medical 
edu cation. In 2013, two surveys were conducted among the students of the 
Faculty of Medicine at the Masaryk University [4] and among the users of 
AKUTNE.CZ portal in general [3]. Y e purpose was to ascertain how students
perceive the eff orts towards authoring and implementing simulation-based 
teaching and learning—i.e. techniques that are so demanding to create. Posi-
tive a~ itudes towards the interactive algorithms outnumbered the negative 
responses. Confi rming the expectations, one of the strongest positive answers
concerned the participantsʼ desire to use the interactive algorithms not only
for their self-studies during leisure time but also in face-to-face teaching and
learning. An interesting fi nding was the most negative a~ itude to using the
tools for the fi nal exam preparation.

eposs.registry.cz www.sepsis-q.cz

EpossID
Gender
Age
System
Mortality
Sepsis/septic shock
Node 1 = TIME 0
Node 2 = TIME 3 h
Node 3 = TIME 6 h
Node 4 = TIME 12 h
…
Approved: YES/NO

Data transfer
(SOAP/XML)

Backoffice applicationGuarantor

eCRF

Author

figure c2.5 An illustration of the authoring process in publishing clinical scenarios on 
the SEPSIS-Q education portal. A special module has been developed for managing clinical
cases, operated by the authors of the clinical scenarios as well as by the guarantors.



c2 ⇒ 119

case-based interactive learning in mefanet

patientʼs
basic data scenario/case title

timedescription
of a clinical situation

course
of action

accompanying
multimedia
(photo/video)

vitals and lab results
(retrieved from eposs database)

next step,
commented

hidden
comment

previous step

figure c2.6 Detailed screenshot of one node of a SEPSIS-Q scenario (in Czech) [4].
Y e published SEPSIS-Q clinical scenarios (there are 8 scenarios in October 2014) represent
various types of patients from young and healthy to senior polymorbid individuals with 
diff erent types of sepsis of diff erent origins (urinary tract, genital tract or intestinal). Y is
selection of septic cases creates a unique viewpoint on sepsis as a variable and fl uctuating
state and helps the student or doctor studying these cases to accustom themselves to 
recognizing and appropriately dealing with this condition. Y e experience gained by 
practicing on virtual patients creates particular resistance to common mistakes, such 
as underestimation of the crucial decision points in the diagnosis and/or treatment and 
misinterpretation of the warning signs. Y e real-life data, together with the time factor,
supports the importance of rapid reaction and prompt initiation of targeted therapy.
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case study 2: paediatrics [pedkaz.cz]

Y e main objective of the PEDKAZ project is to innovate the subject of paedi-
atrics with the intention of enhancing quality and modernizing and develop-
ing respective university teaching in order to extend student s̓ knowledge and 
skills. Y is is in line with the new trends in viewing medicine as an evidence-
based medical subject and with new, ever-growing, fi ndings in paediatrics [5, 6].
At present, more emphasis is being given to the practical aspects of student
teaching, the ability to make their own decisions, practice the acquired skills 
and to incorporate multimedia learning support.

Y is project is based on individual case reports addressing specifi c paediat-
ric patients and resulting in be~ er decision-making skills of the students and 
future graduates. It was essential to implement this project due to the rapid
and unprecedented developments in medicine, as it is necessary to adapt and 
modernize the teaching of medical students in order to combine new theor-
etical fi ndings with the acquired clinical skills, an aspect so badly needed for
preparing the future generation of physicians. Students are increasingly over-
whelmed with new theoretical knowledge, but modern study support for prac-
tical training and testing of students of paediatrics, as one of the core subjects 
of medical training, has been missing up till now. Y is project can be utilized
by all students of the study programmes of General Medicine and Dentistry
of the medical faculty.

Preparation and practical work with PEDKAZ.CZ. Y e gathering of data 
and visual documentation were crucial as the necessary platforms for further
high-quality processing of materials. Data collection for the preparation of 
teaching materials was conducted through thorough examination of the avail-
able literature (textbooks, recent articles in professional journals, internet re-
sources, including server updates, etc.). Highly valuable information was also 
gathered from meetings with experts from other workplaces in the Czech Re-
public and through participation in professional conferences. Y e major part
of data collection consisted of fi eld work. At the meetings of the implementa-
tion team and at consultations with leading professionals in paediatrics, suit-
able patients were selected for case studies from various disciplines. Data was
assembled in the form of extracts from medical records, patientsʼ cards, and 
photographing and fi lming patients, always with the consent of each patient 
and/or their legal representatives. In the course of creating base materials
for case reports, the data base from radiology department was used to obtain
visual documentation. Y e values of laboratory results were acquired thanks 
to the hospital information system.

An essential part of the preparation was the development of new online
computer programme. Y e created editorial programme serves the purpose 
of simulating work with a patient, from acquiring information on admission
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up to the fi nal treatment. All case reports are extended with the accommoda-
tion of a theoretical section so that students have the opportunity to extend
their knowledge through the internet literary references, which are a part of 
each case. Y e programme has its own internet domain—www.pedkaz.cz and
is password protected. 

Work with this study support is divided into several sections. Y e fi rst part is
anamnestic, in which a student obtains basic information on a patient (history
taking): current condition, personal history, social, family, pharmacological,
allergies, epidemiological and gynaecological history. Some of the informa-
tion is extended by photo or video documentation. A] er reading this section,
a student should be capable of forming an idea of the source of the problems
and subsequently, he/she should be able to prepare the possible diff erential
diagnosis of the case and to decide about potential hospitalization of the pa-
tient and thus determine the urgency of his/her condition. Another part is
the diagnostic and therapeutic stage where a student indicates the respective
examinations and evaluates the results. He/she chooses from a wide range of 
laboratory, radiological and specialized examinations divided into many sub-
groups. Y e aim is to teach students how to indicate examinations in close-to-
real-life situations and make their own decisions. On the basis of the obtained 
information, the student then selects from 5–10 diagnostic options and justifi es 
the correctness of his/her decision. In the therapeutic part, the student again
chooses from 5–10 options of therapeutic approaches for the patient based on 
the assumed diagnosis. A] er concluding the testing phase, evaluation of the 
student s̓ performance in the case study is displayed with a commentary on
the mistakes and the correct answers, including notifi cation of what should 
have been examined. Finally, the theoretical part is displayed with a theoret-
ical summary of the diagnosis and the literary references.

Altogether, this project consists of 180 case reports from diff erent fi elds of 
paediatrics: cardiology, intensive medicine, allergology, surgery, neonatology,
nephrology, endocrinology, gastroenterology, pneumology, rheumatology and
haematology.

Y ree modes of this programme have been confi gured: (i) Teacher: the pro-
gramme runs in trial mode and the results and the correct answers will be dis-
played to the examiner only a] er entering the personal username and pass-
word; (ii) Student: this mode serves as a self-study tool for students. Students,
wherever connected to the Internet, can test themselves on a case study and
correct answers are displayed immediately a] er saving the entered data. Y e
programme is, however, set in such a way that the sequence of optional re-
sponses is mixed in repeated testing in order to prevent abuse by students 
training for an exam. (iii) Y e last option is the administrator: case studies can
be inserted into the programme.
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Y e computer programme not only allows testing of the student but is also
able to evaluate, according to pre-set submission by authors, errors in scor-
ing and notifi es the tested student of the failures or defi ciencies, including the
justifi cations and explanations. Y e programme is set in such manner that the
tested student works in the same way as if he/she would examine a real patient 
and thus he/she improves practical medical performance and develops one s̓
own skills. Visual documentation is also highly important as it, thanks to real
radiological pictures and patientsʼ photos, simulates real work with a patient.

case study 3: diagnostics, internal medicine [e-kazuistiky.cz]

Programme E-kazuistiky.cz (Virtual cases) represents an interactive prob-
lem-based learning system designed especially for undergraduate medical
education in the diff erent specializations of internal medicine. Y e main pri-
orities of the system are maximal fl exibility, realism, multi-level evaluation
of student performance and potential for further development and expansion
into other clinical disciplines without any restrictions as to the type of disease

figure c2.7 Pseudo-random combinations lead to a higher number of 
cases available for teaching/learning in the project e-kazuistiky.cz.
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and the diagnostic procedure. Y e important advantage is also the close link to 
a proven education system using virtual pathological slides⁴ allowing overlap of 
Virtual cases into the preclinical disciplines of medical education. Virtual cases
were newly created in collaboration with clinical and preclinical disciplines
teachers, programmers with experience in clinical medicine and undergradu-
ate medical students. Y us, the composite team of designers ensures a balance
between the (o] en diff erent) demands of teachers, physicians of clinical and
preclinical disciplines, programmers and students on the ideal education tool.

Y e main pedagogical objectives of the project are: (i) simulation of real-
life diagnostic problems; (ii) training of rational use of diagnostic procedures;
(iii) automatic evaluation of the knowledge and skills of students; and (iv) the
possibility of re-evaluating the progress of students with teacher s̓ comments
during practical training.

Y e system is designed as a set of various outpatient clinics of diff erent in-
ternal medicine subspecializations (gastroenterology, cardiology, haematology,
rheumatology, pulmonary medicine, diabetology, etc.). Once enrolled in the sys-
tem, each student receives a unique login and access to the selection of medical
offi  ces as required by the teacher. Y e teacher has the possibility to defi ne the
set of case studies that may appear in every concrete offi  ce, the number of pa-
tients and the criteria for passing the course as well. Y is system allows simu-
lating either an offi  ce of concrete medical specialty or acute medicine (generate 
only acute cases) or general medicine (cases are generated across all special-
izations). Personal data, medical history and basic clinical investigation (cur-
rent clinical picture) are generated for each virtual patient. Y e tool for case 
generation (creation) is unique and is based on pseudo-random data combin-
ation (some rules are necessary to maintain: information about patients of the
same sex, similar age, etc., see figure c2.7). Y e source data for this process is
anonymous information about concrete real patients organized in a database
of objective fi ndings and medical history. Students must suggest an optimal
diagnostic algorithm and determine the correct diagnosis based on input in-
formation for successful completion of each case. Rich multimedia database
enables to present the clinical fi ndings and the results of diagnostic tests not
only as text but in fully multimedia manner—as photographs, videos, virtual
histological slides, etc. Examination results are extremely realistic and present,
in addition to their benefi ts, the common limitations of the selected tests as
well (false positive and negative fi ndings, poor quality of examinations, etc.). 

Y e original multi-level system of student evaluation is based on the score
in each step of the diagnostic algorithm. If the selected tests are benefi cial for 
the diagnosis in a given situation, the student receives positive (so-called ‘bo-
nus’) points. If the investigation is without contribution or may even harm

4 Virtual slides: h~ p://www.patologie.info/vip
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the patient on the other hand, the student receives negative (so-called ‘malus’) 
points. Y e optimal (minimal) level of ‘bonus’ points (that must be fulfi lled
before it is possible to establish a defi nite diagnosis) was determined for each
diagnosis (otherwise the conclusion is considered speculative and not sup-
ported by the suffi  cient number of diagnostic tests performed). Y e maximum 
level of ‘malus’ points is set for each diagnosis as well; the investigation is im-
mediately terminated as unsuccessful. A very important part of Virtual cases
is also teaching economic intelligence to the students. Y e real price of every 
investigation method was determined and user has information about the se-
lected diagnostic algorithm costs at every moment. A] er the maximum cost
specifi ed for the determination of every diagnosis is exceeded, the investiga-
tion is also unsuccessfully terminated. Since students are at liberty to choose
from any available diagnostic test, another key feature of the system is also
the original evaluation tool allowing assessment of optimal/acceptable/incor-
rect sequence of suggested diagnostic methods.

Y e fi rst 20 clinical cases were published in the system and the programme is 
routinely used in the 4th year of undergraduate medical curriculum (internal
medicine) at the Medical Faculty of Charles University in Hradec Králové. Y e
quality and user friendliness of the project, as well as the hands-on experience,
were evaluated through anonymous questionnaires completed by teachers and 
students, resulting in mostly positive feedback. Y e most appreciated a~ ribute 
of the system from the student s̓ perspective is the game-like involvement and 
multimedia-supporting environment; from the teacher s̓ perspective it is the
possibility of detailed analysis of each student s̓ performance and clear iden-
tifi cation of the weakest areas in the tuition system. Teachers can objectively
evaluate the diagnostic capabilities, diagnostic approach and the strengths and 
weaknesses leading to the success or failure of each individual student. Fur-
thermore, the authors have developed a completely new interactive author s̓
section, enabling much easier input of new patients into the system without
the need of detailed knowledge of the backoffi  ce of the system. It is expected
that this section will help to further increase the number of authors who will
be willing to contribute with new clinical cases.

case study 4: physiology modelling [hummod-golem]

Models for integrative physiology. Y e Internet allows connecting inter-
active multimedia with complex simulation models, thus providing rather 
new pedagogical opportunities, particularly when it comes to explaining com-
plex relationships, actively exercising practical skills and verifying theoret-
ical knowledge. Y e old credo of the pioneering 17th century pedagogue John
Amos Comenius—Schola Ludus, i.e. ‘school as a play’—fi nds its application in
incorporating multimedia educational play into training courses [7].
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Just as the theoretical foundation of an aircra]  simulator is based on an
airplane model (see chapter b2), medical simulators are based on accurate 
models of the physiological systems of the human body. Complex integrative
simulators of human physiology are of considerable importance in the teach-
ing of pathophysiology and the study of pathogenesis of varied pathologic-
al conditions; such simulators include models of not only individual physio-
logical subsystems but also their mutual association with a more complex
unit. Y e fi eld of integrative physiology deals with the study of these associ-
ations. It seeks to describe the physical reality and explains the results of ex-
perimental research, and also to create a formalized description of how these
physiological regulations are interconnected, and to explain their function in
a healthy human and their malfunction in the presence of diseases. 

One of the fi rst extensive mathematical descriptions of these interconnected
subsystems was published in 1972, by A. C. Guyton and two other authors [8].
From the start, the article went far beyond the scope of the physiological art-
icles of its time. Its heart was an extensive diagram pasted as an appendix, re-
sembling a drawing of some electronic device. However, instead of electron-
ic components, the diagram showed interconnected computational blocks
(multipliers, dividers, summators, integrators, functional blocks, and so on, 

figure c2.8 Guytons̓ blood circulation regulation diagram from 1972. Individual elements 
in the block diagram of Guytons̓ model represent mathematical operations; the interrelation
of elements represents equations in a graphically expressed mathematical model.
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that symbolized mathematical operations performed with physiological vari-
ables. Instead of writing a system of mathematical equations, Guyton et al. used
a graphical representation of the mathematical relationships (figure c2.8).

Y e whole diagram was a formalized description of how the circulatory 
system self-regulates and its context within the body, using a graphically ex-
pressed mathematical model. Y is method was quite new at that time. Yet the
comments and reasons given for assigning the various mathematical relation-
ships were very brief. In 1973 and then in 1975, further monographs [9, 10] were
published providing more detailed explanation of a number of approaches ap-
plied. Guyton implemented this model in Fortran. Guytons̓ graphic notation
of the formalized description of physiological relationships was soon adopted
by other authors—for example, Ikeda et al. [11] in Japan or the research group
of Amosov in Kiev [12]. However, graphic notation of a mathematical model
using a network of connected blocks was a mere image representation at that
time—the Guytons̓ model as well as its additional modifi cations (similarly as
models of other authors who adopted the expression notation of Guyton) were 
implemented in Fortran and later in C++ language. 

Guyton and his collaborators and disciples kept developing the model con-
tinuously [13]. Y e Guytons̓ model was an inspiration as well as a resource for 
designing complicated complex models of physiological regulations for explain-
ing causal chains of reactions in the body to various stimuli, and also to under-
standing the development of pathological conditions. Besides others, a mod-
ifi ed Guytons̓ model has become one of the foundations for an extensive model
of physiological functions in the NASA programme ‘Digital Astronauts’ [14].

As early as at the beginning of the 1970s, Guyton was aware of the large po-
tential of using models as independent education aids, and he made the eff ort
to apply them in education within the realm of the then capacities of computer 
technology. He used his graphic diagram in the classes to explain the basic re-
lationships among individual physiological subsystems. A model implemen-
ted in Fortran on a digital computer was used concurrently to observe their 
behavior in the course of adaptation to various physiological and pathologic-
al stimuli. Later, in 1982, one of Guytons̓ collaborators, Y omas Coleman, cre-
ated the model HUMAN designed predominantly for educational purposes [15].
Y e model allowed for simulating a number of pathological conditions (car-
diac and renal failure, hemorrhagic shock, etc.), and the impact of some thera-
peutic interventions (infusion therapy, eff ect of some drugs, blood transfusion,
artifi cial pulmonary ventilation, dialysis, etc.). In 2008, Meyers and Doherty
made the original Colemans̓ education model HUMAN implemented in Java,
available on the web [16]. 

Model design in Simulink simulation environment. Today, designing simu-
lation models is facilitated by specialized so] ware environments. Guytons̓ 
graphic notation was very similar to the recent graphic simulation so] ware
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Simulink by Mathworks. Y is similarity inspired us to resurrect the classic 
Guyton diagrams into a functional simulation model wri~ en in Simulink [17].
However, simulation-based visualization of the old diagram was not easy—
namely, because there are errors in the original diagram! Y is is not a prob-
lem in printed picture, but if one tries to liven it up in Simulink, the model col-
lapses immediately. Our Simulink implementation of the (corrected) Guyton 
model is available for download⁵. A Simulink implementation of a much more
complex later Guyton model is available on this website as well.

Y e Guytons̓ diagram and the Simulink network design based on the diagram
are quite diffi  cult to grasp at fi rst glance. In order to increase its clarity, it is ad-
visable to hide the actual active elements of the Simulink calculation network 
(multipliers, dividers, integrators, summators, etc.) in individual subsystems 
implemented in Simulink as user blocks with appropriate inputs and outputs
from the outside. Y e whole model then consists of interconnected blocks of 
individual subsystems where it can be seen clearly what variables are used to 
connect individual subsystems, while the algorithm of the actual simulation 
computation is hidden in the Simulink network within the blocks.

Y e blocks can be saved in libraries as user-defi ned subsystems. In the pro-
cess of creating models, the blocks can be taken out from the library, connec-
ted and grouped in blocks of higher hierarchical level, as the case may be. In-
dividual Simulink subsystems represent a kind of ‘simulation chips’ hidden
from the user by the structure of the simulation network, just as an electron-
ic chip hides from the user the connection of individual transistors and other
electronic elements. Y e user may thus be concerned only with the chip beha-
vior and need not worry about the inner structure and algorithm of the com-
putation. Y e ‘simulation chips’ can be used for easier testing of the model be-
havior, and especially for clearer expression of mutual dependencies among
the variables of the modelled system. Y e whole complex model can be shown
as interconnected simulation chips, while it follows clearly from the structure 
of their connections what eff ects are considered in the model and how.

Y is approach provides important advantages in the cooperation of multiple
specializations—particularly in borderline fi elds, such as modelling biomedical 
systems. An experimental physiologist does not have to examine in detail what
mathematical relationships are hidden ‘inside’ the simulation chip; however,
he/she will understand the model structure from the connections among in-
dividual simulation chips, and can verify the chip behavior in an appropriate
simulation-based visualization environment, see figure c2.9.

Simulink blocks were used to create the Simulink library of physiological
models called Physiolibrary⁶. Y e library also includes an extensive integrated 

5 Simulink implementation of the (corrected) Guyton model: h~ p://www.physiome.cz/guyton.
6 Physiolibrary is freely available at: h~ p://www.physiome.cz/simchips.
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model of physiological regulations that has been used as the foundation for
our GOLEM education simulator. Y e model uses a hierarchical structure com-
posed of individually nested and interconnected Simulink blocks.

Golem instead of the patient. Y e simulator, GOLEM, designed as open source
at the end of the 90s focused predominantly on the teaching of the patho-
physiology of inner environment disorders [18–24]. It allowed for simulating
especially mixed disorders of ionic, osmotic and acid-base equilibrium, dis-
orders of blood gas transport, respiratory failure and renal failure. It also al-
lowed for observing the eff ect of various infusion therapies.

Y e simulator has been used at our and some foreign medical faculties.
It proved itself especially in the teaching of pathophysiology and clinical
physiology. Y anks to the complexity of the physiological systems model in 
its background, the simulator could be used to demonstrate clearly how indi-
vidual physiological subsystems are related to each other, and how these con-
nections are manifested in individual pathophysiological conditions.

Y e theoretical concept of GOLEM simulator is the large simulation model
based on mathematical formalization of blood gasses transfer, acid-base, elec-
trolyte, volume and osmotic equilibrium, the function of the respiratory and
urinary system, including the infl uence of hormones. Y e model design is based 

figure c2.9 Simulation chip containing the
integrative model that serves as a framework
for our Golem education simulator. Y e 
simulator is based on mathematical
simulation models of body-fl uid balance,
respiration, circulation and renal function. 
Y e mathematical description consists of 
39 non-linear diff erential and algebraic
equations of more than 200 variables. 
In the graphic environment of Simulink, 
simulation model input values can be
connected to separated ‘pins’ of the
simulation chips and the time-course of the 
corresponding variables can be registered
on virtual displays or oscilloscopes.
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on classical models of Guyton et al. [8], Ikeda et al. [11] and Coleman et al. [15],
which we have redesigned and extended. It consists of 39 nonlinear diff eren-
tial equations and contains 84 input and 98 output variables.

Y e GOLEM simulator enables visual demonstration of the mutual rela-
tions between the individual physiological subsystems and the manifestation
of these relations in individual pathological conditions. Y e simulator enables
the computer modeling of various pathological conditions and the infl uence
of appropriate treatment. Y e simulator, therefore, becomes a visual learning
aid for be~ er understanding of the nature of physiological regulations and the 
manifestation of their malfunctions.

Y e following simple example of an acid-base disorder should demonstrate
how easy it is to manipulate the simulator and how the simulator shows caus-
al links during a pathophysiological disorder and therapeutic interventions.

By changing the value for metabolic production of strong acids, we can
cause metabolic acidosis in our ‘virtual patient’ (figure c2.10a). Y e ratio of 
metabolic production and renal excretion of strong acids is highly increased. 
H⁺/Na⁺ and H⁺/K⁺ exchange at cell membrane is activated. Intracellular and 
extracellular buff ers buff er H⁺ ions (figure c2.10b). Our virtual patient is
showing signs of metabolic acidosis—the blood has been acidifi ed, Base Excess
and actual bicarbonate concentration are decreasing, and pCO₂ is also slowly 
decreasing (figure c2.11a).

Acid-base values on compensatory diagram are in the acute metabolic acidos-
is range. Y is is the beginning of a progressive reaction by the ventilation cen-
ter to counteract metabolic acidosis (figure c2.11b). Respiratory compensa-
tion is at the maximum in about 12 hours. Decreasing pCO₂ is leading to rise
of arterial blood pH. Acid-base parameters are approaching the compensated
metabolic acidosis range (figure c2.12b). Y e slow response of the respirat-
ory system to metabolic acidosis is due to the relative impermeability of bicar-
bonate across the blood-brain barrier (figure c2.12a). While CO₂ penetrates
easily and pCO₂ in blood and cerebrospinal fl uid is at the same level, this is not
the case for bicarbonate. Y us, bicarbonate reaches equilibrium, cerebrospinal
pH decreases, and the respiratory center is further stimulated; alveolar venti-
lation increases resulting in decrease of pCO₂. Values of acid-base parameters
are slowly approaching towards compensated metabolic acidosis range. Y e
renal response progressively develops. Titratable acidity and NH₄ excretion 
increases, urine pH decreases. Renal response is at its maximum in 3–5 days
(figure c2.13a). Y e simulator allows virtual therapy so that we can start al-
kaline infusion for metabolic acidosis. To help the strong acid input/output 
balance, we can start bicarbonate infusion by simply adjusting the appropri-
ate rate of bicarbonate intake in the simulator and alkaline infusion therapy
of metabolic acidosis of our virtual patient is initiated (turning the knob com-
mences bicarbonate infusion therapy—see figure c2.13a). BE and pH slowly 
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increases a] er bicarbonate infusion, pH approaches to normal value, but pCO₂
remains stable for a while (thanks to respiratory compensation) at its low level. 
We must take pCO₂ into account when choosing the doses of alkaline infusion
in order not to overdose (figure c2.13b).

In virtual therapy, there is some margin for error (alkaline infusion over-
dose which in real life can be dangerous). If we overdose the infusion (fig-
ure c2.14a), we correct BE but hyperventilation leads the patient from acidemia 
to alkalemia, which can be dangerous. During acidemia (figure c2.14b), the
cell membrane exchanges potassium ions for hydrogen ions entering into 

figure c2.10 Simulation game of metabolic acidosis in Golem simulator. Turning the
knob, we can increase the metabolic production rate of non-volatile acids (a). Hydrogen ions
production rate is greater than bicarbonate production rate by the kidneys (b). Acid-base
balance shi] s to strong acid retention. Hydrogen ions are exchanged for K⁺ and Na⁺ in cells.

figure c2.11 Blood acid base equilibrium in acute metabolic acidosis (a). Blood 
buff ered acidotic load, BE and bicarbonate concentration decrease. Acid-base values 
on this compensatory diagram are in the acute metabolic acidosis range (b).

a b

a b



c2 ⇒ 131

case-based interactive learning in mefanet

cells to be used by buff ers. If acidosis lasts too long, the supply of potassium 
in the cells decreases resulting in depletion of K⁺. Inadequate therapy would
quickly lead the patient from acidemia to alkalemia, as the cell exchanges K⁺ for 
H⁺ (from intracellular buff ers). Since the extracellular reserves of potassium
are limited, its plasma concentration will quickly and dangerously decrease.

It is necessary to replace the lost potassium. We can then try correcting it, or
simply press ‘Restart’ to try and re-run the entire simulation. We also can try
to correct the K⁺ depletion. We must use potassium infusion in glucose and in-
sulin—insulin takes glucose into the cells (figure c2.15a) but also increases 

figure c2.12 Y e response of the respiratory system on metabolic acidosis
is developed: pH in cerebrospinal fl uid slowly decreases, and respiratory 
center is stimulated (a). Y erefore, alveolar ventilation increases and acid-base
parameters are approaching the compensated metabolic acidosis range (b).

figure c2.13 Renal response slowly develops. We can try treating the patient by infusion 
therapy. Turning the knob commences bicarbonate infusion (a). In acid-base diagrams
we can see the results of our treatment (b)—we must take pCO2 into account when
choosing the doses of alkaline infusion in order not to overdose. We must correct pH to 
normal value and be careful not to shi]  pH to alkalemia, which can be dangerous.

a b

a b
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the entry of potassium into cells resulting in faster correction of K⁺ defi ciency
(figure c2.15b). Y e infusion must not contain too large concentrations of po-
tassium (as this would increase K⁺ to dangerous levels).

A mistake is no reason to get upset since the patient is ‘virtual’ (and so death
as a result is just virtual). A real patient would not take our carelessness so
easily, however. Y e simulation can be stopped at any time by using the Stop 
switch on the simulation clock and we can then take our time to analyze the
many variables in the individual s̓ physiologic subsystems windows.

From the pedagogical point of view, it proved to be highly advantageous to 
explain the physiological meaning of individual regulatory circuits by means
of disconnecting and reconnecting individual regulatory bonds. Upon dis-
connecting the regulatory bonds in the simulator, the response of individual

figure c2.14 Alkaline infusion overdose, pH shi] s to alkalemia (a).
Potassium concentration in plasma dangerously decreases (b).

figure c2.15 To correct K⁺ depletion, a potassium infusion in glucose and
insulin is used: insulin takes glucose into the cells (a) but also increases the entry
of potassium into cells resulting in faster correction of K⁺ defi ciency (b).

a b

a b
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physiological subsystems on changed values of some variables can be ob-
served locally, which themselves are regulated in the body. We have, therefore, 
introduced in Golem the possibility of ‘disconnecting regulation’ of some of 
the regulated physiological variables, and their ‘switching to local input’ [20].
Disconnection of the regulatory loops made it possible to limit the simulation
to an individual physiological subsystem, and to examine its behavior inde-
pendent of the complex regulatory relationships within the whole body, and
thus to observe the behavior of individual physiological regulatory relation-
ships separately, which contributed to be~ er understanding of the physio-
logical relationships.

HUMMOD—Extensive Models for Education Simulators. Guytons̓ dis-
ciple, Y omas Coleman, Robert Hester at al., elaborated on the large education
simulator Quantitative Circulatory Physiology (QCP) [25]. QCP can be down-
loaded and installed on a Windows computer. It includes a high number of 
variables (several thousand). Y e simulator allows for changing the values of 
approximately 750 parameters that modify physiological functions. Y e values 
of these parameters can be saved or read from an external fi le, which enables
the user to prepare a number of scenarios for various pathological conditions.
Y e authors of QCP have prepared many scenarios (as input fi les) for educa-
tion needs, and, together with appropriate comments, have made them avail-
able for free download from the QCP website. Y is simulator has proved use-
ful in teaching [26].

Y e successor to QCP simulator is Quantitative Human Physiology (QHP),
renamed to HUMMOD. Y is simulator supports the simulation of numerous 
pathological conditions, including the eff ect of therapy. With more than 5000 
variables, HUMMOD seems to provide the most extensive integrated model
of physiological regulations available today. Unlike QCP, whose mathematical
background is hidden from the user in the C++ source code, HUMMOD s̓ au-
thors decided to separate the simulator implementation from the description
of model equations in order to make the model structure clear for the wider
scientifi c community [27–31]. Unlike commercial virtual patient simulators,
where the structure of mathematical model is hidden, HUMMOD is available
as open source code⁷. 

HUMMOD s̓ mathematical model is wri~ en in special XML language. Y e
last version of HUMMOD incorporates thousands of fi les spread across hun-
dreds of directories. Y anks to this fact, the model equations and their rela-
tionships are comprehensible only with diffi  culty, and many research teams 
developing medical simulators prefer to use older models as basis for their own 
expansions—for example, by the SAPHIR (System Approach for Physiological
Integration of Renal, cardiac and respiratory control) international research 

7 HUMMOD model and the simulator are available at: h~ p://hummod.org.
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figure c2.16 Y e Atlas of physiology and pathology combines interactive interpretations 
with sound, animations and simulation games. It has been created in the Czech
and English versions as well. It is freely available at: www.physiome.cz/atlas.
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team, as they found the source text of the QHP/HUMMOD model very diffi  -
cult to read and understand for project participants [32]. Similarly, Mangou-
rova et al. [33] recently implemented the 1992 Guyton model [34] in Simulink,
rather than the more recent (but poorly legible) version of HUMMOD created
by Guytons̓ collaborators and disciples.

Y anks to cooperation with the American authors of HUMMOD, a special
visualization tool was created [35] that provides a clear graphic representation 
of the mathematical relationships used, visually representing thousands of 
fi les of source texts used by the most complicated physiological model in the
world. Besides other benefi ts, this has also been helpful in discovering some
errors in the HUMMOD model.

Y e source texts for the models that are the foundation of medical simulators 
should be publicly available, given that they are the result of freely-available 
theoretical studies of physiological regulations—then it becomes easy to fi nd
out as to what extent the model corresponds to physiological reality. Y erefore,
the structure of the Czech model, which is called HUMMOD-GOLEM Edition,
is published⁸ in its source form, together with the defi nitions of all variables 
and equations. Unlike the original American implementation, the Czech model 
is implemented in Modelica, which makes it possible to provide a very clear 
expression of the model structure.

Modelica [36] is a non-proprietary, object-oriented, equation based simu-
lation language to conveniently model complex physical systems. It is o] en used
to model mechanical, electrical, electronic, hydraulic, thermal, control, elec-
tric power or process-oriented subcomponents. Unlike other object-oriented
languages, classes in Modelica may contain equations. Each class in Modelica
can be externally represented by a user defi ned icon. A component in Model-
ica, therefore, represents an instance of class for which equations or paramet-
ers are defi ned. Components (represented as icons) can be linked through con-
nectors. Y ese connections are not only assignments of values; they can also
represent causal equality. Y e user graphically links these icons to create a sys-
tem of equations. Y e structure of the model in Modelica, therefore, refl ects
the structure of the modeled system, unlike the model in Simulink, which ex-
presses the structure of the calculation procedure rather than the structure
of the modeled reality. Unlike the block-oriented simulation environment in
Simu link, the structure of Modelica models corresponds to the physical essence 
of the modeled reality (the compiler takes care of the ‘dirty work’ of solving
the resulting system of algebraic diff erential equations). Models in Modelica

8 HUMMOD-GOLEM Edition is the result of the eff orts of the Laboratory of Biocybernetics 
and Computer Aided Teaching (Charles University in Prague). It is available at:
h~ p://physiome.cz/Hummod.
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figure c2.17 Audiovisual interactive lecture in the explanatory part of the Atlas of 
Physiology and Pathophysiology. Every audio-explanation is accompanied by synchronized 
animated images. An explanation can be stopped at any moment in order to take a more
detailed look at the accompanying animation. Rewind is possible using the slide at the
bo~ om of the player. Explicatory chapter including various simulation games.
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are, compared to those in Simulink, clearer and more self-documenting. Y e
source code of models resembles the structure of modelled reality.

Atlas of Physiology and Pathophysiology—simulation games on the Web.
Y e experience in application of large complex models (of the GOLEM or 
HUMMOD type mentioned above) in teaching shows that large and complex
models harbour a disadvantage from the didactic point of view, namely their
complex control. Y e large number of input variables, as well as the broad scale 
of options of observing the input variables, require rather thorough under-
standing of the very structure of the simulation model on the part of the user,
as well as knowledge of what processes should be observed in simulations of 
certain pathological conditions. In the opposite case, a complex sophisticated
model seems to the user only as a ‘complicated and not very understandable 
technical toy’ (similarly as if the user should face a complex airbus simulator
without prior theoretical instruction).

Y erefore, instruction models (and apparently not only complex ones with
hundreds of variables) alone are not enough for effi  cient use in teaching.
Y ey must be accompanied by explanation of their application—using inter-
active education applications at best. Y e possibility of using all advantages
of virtual reality to explain complex pathophysiological processes arises only
upon establishing the connection between explanation and simulation play.
In order to link the possibilities off ered by interactive multimedia and simu-
lation models in medical teaching, we have designed the concept of an Internet 
computer project, the Atlas of Physiology and Pathophysiology [41, 42], con-
ceived as a multimedia instruction aid that should help to explain, in a visu-
al way using the Internet and simulation models, the function of individual
physiological subsystems, and the causes and manifestations of their disorders 
(see figure c2.16).

Y e Atlas thus combines explanation (using audio and animation) with inter-
active simulation play with physiological subsystems models, all available for
free from the Internet⁹. Y e explicatory chapters of the Atlas are designed as
audio lectures accompanied by interactive multimedia images. Every anima-
tion is synchronized accurately with explanatory text. Some simulators com-
bine the model with the explicatory part—for example, the simulator of mech-
anical properties of muscles (see figure c2.17).

Other simulators can be run separately and the scenarios used under 
their control are planned as part of relevant explanatory chapters. Y e com-
plex model of blood gases transport¹⁰ is an example; this model can be used 
as an instruction aid in explaining the physiology and pathophysiology of 

9 Atlas of Physiology and Pathophysiology: h~ p://physiome.cz/atlas
10 Y e complex model of blood gases transport: h~ p://physiome.cz/atlas/sim/BloodyMary
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oxygen and carbon dioxide transport (e.g. to explain the consequences of vent-
ilation-perfusion mismatch).

Y e user interface of models used as the foundation for simulation plays
rather evokes animated images from the printed Atlas of Physiology [43] or
Atlas of Pathophysiology [44] than abstract regulation diagrams used in the
teaching of bioengineers. Unlike printed illustrations, however, images forming
the user interface of multimedia simulators are ‘live’ and interactive—changes
in the simulation model variables are manifested by changes to images. Using 
the interactive illustrations thus conceived it is possible to implement serious
simulation games that shall help explain the dynamic links in physiological 
systems be~ er than a static image or even simple animation, and help espe-
cially to understand the casual features in the development of pathogeneses
of varied diseases.

Simple aggregated models for explanation of pathophysiology disorders.
From the didactic point of view, it is always necessary to proceed from simple
to more complex things in explanations. According to this principle, it is there-
fore suitable to use rather simple aggregated models (with few variables) dur-
ing explanation, explain the essential principles using these models, and then 
start making the model (and describe the physiological reality) more complex
gradually. 

Instruction simulation plays, forming part of the internet Atlas of Physiology 
and Pathophysiology, need not be always based on a highly complex model 
demanding hundreds of variables from the calculation point of view—even
a simple interactive model can be a good helper in explaining the pathogenic
chain of development of various pathological conditions. 

It is very effi  cient to disconnect the regulation loops in the model at fi rst and
enable the students to study the responses of the selected physiological subsys-
tem on changes of input variables in the simulation game (however, they are 
regulated in the living body). Y e dynamics of behaviour in gradual changes 
according to a single input are observed at fi rst, while other inputs are set on 
a chosen constant value (the so-called ‘ceteris paribus’ principle).

As an example of explaining the physiology and pathophysiology of circu-
lation with a simple aggregated model, the simplest model of circulation with
disconnected regulatory links can be demonstrated here. It has intuitive con-
trol, and helps to clarify the relationships among individual variables of the
circulatory system (i.e. pressure and fl ow in the pulmonary and systemic cir-
culation) and the essential variables aff ecting these pressures and fl ows that 
are themselves regulated by neurohumoral means (see figure c2.18). 

Y e variables of this model include: (a) system and pulmonary peripheral
resistance; (b) the pumping function of the right and le]  ventricles implemen-
ted simply as the slope of the Starling curve, expressing dependence of car-
diac output on fi lling pressure of the ventricles; (c) tonus of vessels changing 
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unstressed volumes and elasticity expressing dependence of pressure on the
volume of vascular fi lling; and (d) the total volume of circulating blood. Y e
body regulates these variables as mentioned above: resistance is controlled 
by means of both nervous and humoral regulation; myocardial frequency and 
inotropy modifi es the shape of the Starling curve; venous tone (again regu-
lated by neurohumoral means) of large veins changes their unstressed volume
(if venotonus increase, unstressed volume decreases and subsequently stressed
volume increases); and the circulating blood volume is aff ected especially by
renal activity, the rennin-angiotensin aldosterone system, etc.

However, these variables represent input (i.e. non-regulated) quantities in
an aggregated model; the aim of the interactive simulation is to obtain a clear 
notion of the infl uence of these quantities on blood pressure, and the fl ow and 
distribution of the blood volume among the individual parts of the bloodstream. 
Y us, interactive simulation with this model helps to explain the regulation of 
essential quantities in the circulatory system in the pathogenesis of various
circulatory system disorders.

From ‘Art’ to ‘Industry’ in designing the educational physiological models.
When creating a web simulator, two types of problems must be taken into
consideration. Y e fi rst is the creation and identifi cation of the mathematical 

figure c2.18 Very simple model of circulation demonstrates the signifi cance of main 
variables aff ecting the circulatory system—pumping functions of heart, resistance,
compliances, blood volume and its distribution into unstressed and stressed volume. 
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model. Y is work is more of research than development work, based on the
creation of formalized mathematical description of the modelled reality. For
the creation, tweaking/debugging and verifi cation of simulation models, spe-
cial so] ware development tools are used. Matlab/Simulink delivered by Math-
works or open-source Modelica represent the most preferred development tools. 
Y e most important innovation in Modelica is the option to describe each part
of the model as a set of equations and not as an algorithm used to solve these
quotations. Models created in Modelica are well-arranged and be~ er refl ect
the structure of the modelled reality. 

Y e other problem apparent during the creation of tutorial and education
simulators is the creation of the tutorial so] ware itself. It is a very demanding
development work, which requires the combination of ideas and experiences
of teachers who create the script of the tutorial application, the creativity of 
art designers who create the multimedia components interconnected with the

figure c2.19 Workfl ow of web based simulators development and deployment. Y e
simulation core is connected with interactive animation by a control layer. Y e model 
core is programmed manually or by means of automatic generation from a modelling tool
(e.g. the Modelica-programming-language-based tool). Graphic components are created
in Adobe Flash or Microso]  Expression Blend. Creating animations in Expression Blend
off ers the advantage of creating the animations and the simulator in same .NET platform.
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simulation model in the background, as well as the eff orts of programmers who
fi nally ‘stitch together’ the fi nal masterpiece into its fi nal shape.

To automate the model debugging transfer from the simulation develop-
ment environment (using Simulink or Modelica) into the development envir-
onment where the development application is programmed, specialized so] -
ware tools are used (figure c2.19) [35].

Y e rapid development of tablet PCs, which are beginning to be used as a me-
dium for electronic distribution of books and interactive education materials,
opens the possibility of creating a medical textbook of entirely new type. In-
structional text can be accompanied with interactive animated pictures con-
trolled by the model in the background. It gives us great education possibilities
to explain the complex dynamics of physiological processes (figure c2.20).

figure c2.20 Design of interactive textbooks with model-driven animations.
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DISCUSSION & CONCLUSIONS

Y e times of enthusiasts who created the fi rst education programmes at the 
turn of the 80s, excited about the new potential of personal computers, has
long gone. Today, the design of good-quality education so] ware capable of util-
izing the potential off ered by the development of information and communi-
cation technologies is not built on the diligence and enthusiasm of individu-
als. It is a demanding and complicated process of a creative team of specialists
from various professions: (i) experienced teachers whose scenarios provide
the foundation of a good-quality education application; (ii) system analysts re-
sponsible, in cooperation with professionals of any given fi eld, for the creation 
of simulation models for education simulation games; (iii) artists who design
the external visual form of the simulator; (iv) information science specialists
(programmers) who ‘stitch together’ the whole application to its fi nal form.

For such interdisciplinary cooperation to be effi  cient, numerous develop-
mental tools and methodologies are needed for every stage of development; 
such tools and methodologies make the work of individual team members 
easier and help them to overcome interdisciplinary barriers. Considerable ef-
fort needs to be devoted to the process of creating and mastering the tools, but 
it pays in the end. Y e process of designing an education programme thus ac-
quires ever more features of engineering design work.
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WIKISKRIPTA—A HANDY PLACE FOR 
COLLABORATIVE LEARNING

martin vejražka, čestmír štuka, stanislav štípek

‘Learning should be a joy and full of excitement. It is lifeʼs greatest adventure; it is 
an illustrated excursion into the minds of the noble and the learned.’

taylor caldwell

Summary. WikiSkripta (www.wikiskripta.eu) is an open wiki-based collec-
tion of medical education materials. Access is not restricted and anyone can
read as well as post or edit texts, with teachers as wells as students of medical
faculties being contributors to WikiSkripta. Teachers can approve high-qual-
ity articles; these approved articles are visibly marked. WikiSkripta is a text-
book rather than an encyclopaedia. Short contributions can be assembled 
into larger ‘chapters’ corresponding to needs of individual subjects or courses. 
WikiSkripta contain almost 8000 articles and became the most used web site 
for medical education in the Czech and Slovak Republics with 20 to 40 thou-
sand visits per day.
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WIKI AS A COMMUNITY PROJECT

When Ward Cunningham installed his fi rst wiki in 1995, he probably had 
no idea that he was laying the foundation of one of the most visited website 
in the world. Y e fi rst ever wiki called ‘WikiWikiWeb’ was a site intended as
discussion forum for so] ware developers [1]. Cunninghams̓ idea was to make 
the web quickly editable by its users; ‘wiki’ is the Hawaiian word for ‘quick’.
Six years later, one of Cunninghams̓ co-workers, Ben Kovitz, had dinner with
Larry M. Sanger. Sanger was editor-in-chief of Nupedia, an online encyclo-
paedia. Despite its great ambitions, Nupedia struggled to survive; its highly
qualifi ed contributors were extremely busy and slow—only 12 articles wri~ en
during a year. Y e idea of a wiki-based complement to Nupedia was conceived
and Wikipedia was launched in 2001. Nobody expected that this ‘complement’
might beat Nupedia in the fi rst month of existence. Wikipedias̓ growth was
so rapid that it contained more than 20 000 articles just a] er one year. Today, 
Wikipedia is the sixth most visited website (a] er the three search engines,
Face book and YouTube).

Y e rapid rise of wiki can be easily interpreted as a consequence of the low-
threshold design of the site. Contributors need no registration, no approval for
editing; their posts are published immediately a] er submission. Y ere is also
a social aspect and a strong community has formed around living wiki-projects.
It is a particular community, diff erent from real-world communities because 
its members do not know each other personally. However, taking part in such
a community is astonishingly motivating. Wiki-communities have their mis-
sion (yet usually not precisely stated), organization and structure, can solve 
confl icts and are able to re-engineer themselves. Together with the unusual 
openness of the site, wiki projects bring relatively new work experience. It is
concisely stated in the ‘Welcome visitors’ page of WikiWikiWeb:

‘If you havenʼt used a wiki before, be prepared for a bit of culture shock. � e  beauty 
of Wiki is in the freedom, simplicity, and the power it off ers.’  [2]’

WIKI IN EDUCATION

Some of the principles of wiki put emphasis on cooperation, stimulation
of team-work, and critical use of resources, thus akin to the principles prac-
tised in higher education. Y e same can be said about writing well structured, 
reliable and up-to-date texts. It s̓ no wonder that various wikis have been em-
ployed at universities throughout the world. Wikis in general have proved to 
help in the coordination of student projects and facilitate communication. Over 
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the years, it has become one of the fundamental tools in student-centred and
networked learning.

Wikipedia launched its Wikipedia Education Program in 2007. However, 
there were certain obstacles that made the use of a global encyclopaedia in edu-
cation diffi  cult in some cases. First of all, articles in Wikipedia are always open 
for editing by anyone and it can be diffi  cult to distinguish between the contri-
butions of a student and editors from the outside. Wikipedia is also a long-term 
project in which articles most o] en take several months or even years, while
a university course employing wiki is to be fi nished in several weeks. Y ere-
fore, hundreds of independent educational wikis were started. Compared to
Wikipedia, these are usually websites with simple structure and easy-to-use
tools. Y ey are usually opened for the benefi t of a specifi c group of students
of a certain course. When the course fi nishes, wiki is emptied and with a new
group of students it is started again. Y is use of wiki serves primarily for ac-
tivating students, stimulating cooperation and organising team-work. Y e re-
sulting content is more or less a ‘by-product’. Access to wiki is usually restricted
in this case. Since openness as an important feature of wiki is missing, these
sites are sometimes called ‘hybrid wikis’ [3].

Long-term projects using wiki for creating and distributing education ma-
terial are less common. Y e Wikipedia Education Programme involving stu-
dents in writing encyclopaedic entries was mentioned above. Another project,
Wikiversity, was devoted to learning resources for all types and levels of edu-
cation, but by this time we already had our own wiki education project

A wiki-based space for medical education material, WikiSkripta, was cre-
ated for the Czech and Slovak medical faculties. Y e site runs in local languages. 
Today, it boasts some 8000 articles and is still growing. An English mutation 
called WikiLectures was established as well, but it has not reached the dyna-
mism of the Czech and Slovak site.

WIKISKRIPTA—COLLABORATION RATHER THAN COMPETITION

WikiSkripta¹ is an open project designed as a textbook of medicine. It is in
the Czech and Slovak languages (these two languages are very similar; most
speakers of the Czech language can understand Slovak and vice versa). Today,
WikiSkripta is the most visited web site for undergraduate medical education
in the Czech and Slovak Republics.

Compared to Wikipedia and many other wiki-projects, WikiSkripta is not
intended to become an encyclopaedia. Articles can be linked to larger chapters 

1 WikiSkripta: h~ p://www.wikispripta.eu
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in the same way as in a traditional textbook. It is also not necessary to strictly
follow the encyclopaedic style. Instead, some previous knowledge may be as-
sumed, e.g. knowledge of medical terminology, some competencies in basic 
subjects, etc. Y e advantage of WikiSkripta compared to Wikipedia is that it
has a clearly defi ned target group: students of medical faculties.

Y e origin of WikiSkripta dates back to 2007. Originally, it was established
as a repository for reusable learning objects. Y e general idea has remained:
education at diff erent medical faculties, and even education in various courses
at the same faculty, o] en needs the same pieces of information. Teachers fre-
quently need to re-arrange such pieces of information and assemble them into
a new lecture. It could be useful to have these pieces of information ready-to-
use in a repository. At the beginning, teachers, as experts, were expected to be
the sole contributors. Since teachers, especially teachers of medical faculties,
are extremely busy, students of medical faculties were engaged in the project
at the end of 2008 in order to support the teachers.

What happened was fascinating: a couple of students brought so much activ-
ity and enthusiasm that WikiSkripta started not only on the path of rapid tech-
nical development but also grew very quickly in terms of number of articles.
Prior to involving students, the site contained about 100 articles; this number
surged to 500 in three months and then to an impressive 1000 mark in 6 months. 

figure c3.1 Number of visits per year from Czech (le] ) and Slovak (right) towns. Highest
numbers correspond to the seats of medical faculties or faculties of health care.
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Nobody expected in 2008 that the story of Nupedia and Wikipedia would
be repeated. In fact, none of the people around WikiSkripta knew the story of 
Nupedia at that time. But it was exactly so: non-experts, originally supposed
to yield support to experts, became the true and powerful contributors and
brought new dynamism to the project.

Importantly, a strong community took shape around WikiSkripta. In a few
weeks, new methods for maintaining the website, processing articles, com-
municating with users, etc., were developed by the team. Y ere was strong
emphasis on collaboration. Despite the fact that the authorship of any con-
tribution or change is indelibly recorded and anyone can check it, contribut-
ors worked ‘to improve WikiSkripta’ rather than ‘to write an article of mine’.

CREDIBILITY

Using wiki for scientifi c and educational purposes brings some controver-
sies. Y e concept of a web which is editable by anyone breaks well-established 
paradigms. Traditionally, knowledge delivered to students is guaranteed by ex-
pert-authors and peer-reviewers. In wiki, it is not evident at fi rst sight who is
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the author and which level of expertize they have. Usually, an article was edited
many times by diff erent contributors and users (and some edits are sometimes 
done by a ‘robot’). A track of the complete history is kept and anybody can read 
it, but it is time consuming and users do not check history very o] en.

On the other hand, the concept of low-threshold is extremely powerful. Any
mistake or inaccuracy can be amended very quickly by anyone who can rec-
ognize it. Compared to classical textbooks or even traditional websites where
the reader must contact the author (which means to fi nd the address, write a
le~ er and send it), this approach is very eff ective and really leads to continu-
ous improvement of articles. In a wider context, J. Giles compared the accur-
acy of Wikipedia with Encyclopaedia Britannica in a classical study in 2005 [4]. 
He concluded that Wikipedia contained fewer fl aws than Britannica. Some
controversies about the methodology and the study as a whole appeared  later,
but still it can be said that wiki-based encyclopaedia wri~ en by an undefi ned
group of contributors is at least comparably accurate as an encyclopaedia writ-
ten by top-experts.

In WikiSkripta, articles may be checked by teachers of medical
faculties and clearly marked as ‘approved’. Users are informed
about this feature every time they access the site. Teachers are
encouraged to take part in this process but still the proportion
of approved articles is about 10 %. Interestingly, more than 60 % 
of articles were edited by a teacher sometimes during their
development.

Y e fact that the majority of articles in WikiSkripta have not been approved
by an expert brings some distrust. In reality, the quality of contributions varies,
ranging from those of the quality of the best text books to those which are full

figure c3.2 Number of articles in WikiSkripta from 2008 till now.
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of fl aws. It can, however, be said that each article is under continuous devel-
opment. Y e concept of wiki favours improving rather than corrupting art-
icles: any harmful edit can be reverted by a single click of the mouse. Despite
the fact that inaccuracies and mistakes can be found for some time in many
contributions, the quality of articles grows invariably.

Moreover, WikiSkripta serves as a mirror of the knowledge of its authors.
Notes shared among students and used for exam preparation are frequently
full of fl aws. Even hand-outs wri~ en by teachers and distributed to students as
supplementary study materials can contain inaccuracies. When these materials
are used for a WikiSkripta article, they become open for review and revision.

Each wiki-based website should be used as a source of information with cau-
tion, especially if there was no reviewer who had checked the specifi c article.
However, it does not mean that the content is worthless. In fact, if the article
was posted some time ago and was visited by many readers, there were many
‘reviewers’ and each of them has checked some details of the article. Y e re-
sulting accuracy can be be~ er than in traditional sources. Unfortunately, you
never know whether all important revisions have already been done. On the
other hand, the article is live and can be updated according to new scientifi c re-
sults—much faster than any traditional textbook. It is the reader (and only the 
reader) who must make the critical decision whether the piece of information

figure c3.3 Y e fi rst of ‘wiki-weekends’—periodic training 
of students involved in WikiSkriptas̓ team.
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is trustworthy or not. Y is is a weakness of wiki in education—and a big part 
of the criticism of wikis results from unrealistic expectations. At the same
time, this is the strong side of wikis at universities: their use supports critical
thinking and evaluation of sources.

‘A wiki is not meant to be true, itʼs meant to be discussed. Wikis are transparent;
not only do they show the fi nal product, they reveal the entire creative process. A wiki 
is one of the tools that are now available to all to become more literate, not only by
increasing writing skills but by understanding what this new media literacy really
means. � ey are also a fun and engaging way to develop collaborative and team-
work skills.’ [3]’

MORE THAN JUST ANOTHER WEB

It seems that WikiSkripta not only helps to spread information in a quick 
and cost-eff ective way but has important subsidiary eff ects too. Y e non-profi t
project, based on altruism, a~ racts enthusiastic students who belong to the
best students of the faculty and who are also engaged in the life of the academ-
ic community. Y e project stimulates communication and cooperation among 
them. Moreover, students taking part at WikiSkripta are encouraged to com-
municate with teachers.

Communication between the student community of WikiSkripta and people 
outside the project is quite unique. In many wiki-projects, the community

figure c3.4 Number of visitors of WikiSkripta per day. Y e plot shows typical
periodical oscillations: deep valleys correspond to vacations; peaks appear in the
exam periods. Most visitors are on Mondays and Tuesdays, least on Saturdays.
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develops its own rules for control of the site that are diffi  cult to comply with
for newcomers. In other words, as the project becomes more complex, the com-
munity becomes more closed. Tom Simonite characterizes it as ‘newcomers un-
welcome’ [5] and some authors believe that this is an important issue of large
open collaboration communities [6].

Y e advantage of WikiSkripta is that the project is more connected with
traditional structures outside it, at least with the medical faculties, and has
to comply with their rules. Students are actively trained in positive commu-
nica tion with new contributors, experts and users. WikiSkripta is also actively 
kept at as low-threshold as possible. Interestingly, the number of newcomers
constantly grows.

WikiSkripta is not only an open, free and easily updatable textbook of medi-
cine. It has several other functions and these functions are probably the most
important. Participants to the project become familiar with scientifi c writing, 
searching for information and critically evaluating it. Y e ‘architecture of par-
ticipation’ [7] brings a shi]  of learning methods from the traditional model to
student-centred learning and social networking. Nevertheless, the education
value of articles of WikiSkripta is indisputable and it is still growing. It is re-
fl ected by the use of the site: today, about 20 000 unique visitors use the site
every day of the semester (which is much more than expected according to
the number of medical students in the Czech and Slovak Republics) and this
number is doubled during the exam periods at medical faculties.
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MOODLE COURSEWARE SERVICES FOR MEFANET

jitka feberová, alexandra polášková, jan polášek, daniel rajdl

‘True genius resides in the capacity for evaluation of uncertain, 
hazardous, and confl icting information.’

winston churchill

Summary. MOODLE MEFANET represents courseware services delivered to
the MEFANET community with the use of MOODLE learning management sys-
tem. Y e services are useful especially in the case of e-learning courses shared 
by several medical faculties. Besides the fundamental features of MOODLE sys-
tem implemented into MEFANET, this chapter describes an original approach
to evaluating e-learning course quality with the use of a reference framework,
including a set of criteria and associated measurable indicators. Y e presen-
ted evaluation model is implemented in the form of a web-based application
that delivers useful guidelines for e-course authoring as well as forms for as-
sessing the e-course quality and optional balancing of the applicable criteria.
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E-learning courses—if designed appropriately—enable educators to apply
good didactic principles and to create a comprehensive source of information
for students regarding the subject taught. A robust learning management sys-
tem (LMS) should allow the integration of all available information into in-
dividual e-learning courses in the form of links to relevant sources, and to
create education materials using inherent system tools. MOODLE, which is
an open source learning programme, has been chosen as the platform for the
operation and management of e-learning courses within the MEFANET net-
work. Y e system is operated for all medical faculties in the Czech Republic
and Slovakia and here a] er is referred to as MOODLE MEFANET. It contains
a powerful toolkit for e-assessment and subsequent evaluation of test items,
as well as a number of tools for collaboration and communication among stu-
dents or between students and teacher. 

Y e standard MOODLE system has been adapted to the needs of MEFANET;
this mainly refers to modifi cation of the MOODLE interface, creation of fi eld
categorization relating to the single map of the MEFANET medical discip-
lines (see the Medical disciplines linker in chapter c1) and implementation
of  MOODLE s̓ standard modules according to user requirements. MOODLE
MEFANET uses authentication services from the eduID.cz academic federation, 
see chapters b4 and c1 for details about federated authentication, SAML
protocol and Shibboleth technology. Y e federated authentication ensures
that users, who are required to verify their identity in order to use MOODLE

figure c4.1 Lessons of the E-biochemistry course, which was 
created and is operated within MOODLE MEFANET.
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 MEFANET services, can log in from their home institution, i.e. the specifi c
medical faculty of the given university.

Many universities operate their own LMS (either MOODLE or other LMS,
e.g. various proprietary so] ware products). MOODLE MEFANET services have 
been created to be used especially in cases when e-learning courses are shared 
by multiple institutions. One particular example is the E-biochemistry course, 
which was created within MOODLE MEFANET as an intercollegiate course un-
der the cooperation of fi ve medical faculties. Y is course completely covers 
41 topics of clinical biochemistry for medical students. Each lesson includes in-
structional text, audio presentation and a self-assessment test, see figure c4.1.

QUALITY EVALUATION OF E-LEARNING COURSES

A unique supporting so] ware application for the authors as well as evaluat-
ors of e-learning courses has been developed in order to standardize and im-
prove the quality of e-courses inside MEFANET. Y is application should help
all novice as well as experienced authors as it off ers an extensive system of 
criteria and also the ability to adjust the weight of each criterion according to
the focus of the e-course. 

quality criteria and evaluation model

Y e quality criteria is based on a reference framework (recommended
guidelines), which was created pursuant to ISO (International Organization
for Standardization) standards developed in the fi eld of distance learning, ref-
erence methods and metrics. Y is framework allows se~ ing up a classifi ca-
tion system for outlining the basic criteria for categories that should cover
the whole area of e-learning course quality evaluation. Five main categories
were defi ned for the evaluating criteria and further divided into several sub-

-categories, see table c4.1.
Each category and sub-category in table c4.1 contains criteria pertinent 

to the given area and several associated measurable indicators. Based on this
framework that integrates all the criteria as well as the associated indicat-
ors, an evaluation model for assessing the quality of e-learning courses was
composed. Y e evaluation model is divided into seven phases (needs analysis,
course planning, course design, course implementation, learning process, val-
idation) according to the common education process supported by e-learning
(planning, course run, evaluation) and is also based on the international ISO
standards [1, 8].
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a. pedagogical aspects d. management

A.1. E-course description D.1 Strategy and management

A.2. Content quality D.2 Human resources

A.3. Didactic parameters D.3 Institutions

b. target group—course recipients e. validation

B.1 Analysis of target group E.1 Evaluation

B.2 Motivation of participants E.1.1 Evaluation of the e-course by students

B.3 Rate of demandingness E.1.2 Evaluation of the e-course by opponents,
experts.

c. technical solution E.2 Revision 

C.1 Learning environment E.2.1. Management adaptation

C.2 E-course graphical interface E.2.2 Content updating

C.3 Technical requirements

C.4 Manuals

C.5 Availability of materials

C.6 Multimedia Functionality

table c4.1 Reference framework for quality evaluation of e-courses 
created and operated with the use of LMS system.

LMS—Learning
management systeme-course evaluation

e-course authoring

criteria evaluation

fe
ed

ba
ck

feedback
Evaluation

Implementation of the course structure

Criteria and associated
measurable indicators

vle—virtual learning
environment

figure c4.2 Y e basic scheme of the application implementing
the model for e-course quality evaluation.
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model implementation 

A so] ware application that implements and completes the evaluation model
has web interface divided into three main parts (see figure c4.2), focused on 
the following areas.
1. How to create an e-course (theoretical instructions and useful examples);
2. Quantitative evaluation e-course quality;
3. Criteria balancing.

part 1—how to create an e-course
Y e fi rst part of the application contains four sections: (i) Y e basic steps

of e-course development; (ii) Preliminary information about an e-course; 
(iii) Introduction to an e-course; (iv) Introduction to a lesson.

(1.i) � e basic steps for authoring an e-course.

Y is section contains steps according to which the author should proceed
in order to meet the recommended guidelines for achieving the high quality
according to the evaluation model: (A) Needs analysis; (B) Course design; (C) 
Tools for e-course authoring; (D) E-course evaluation.

(1.i.a) Needs analysis

In the fi rst step, needs analysis should be conducted; it is necessary to 1) spe-
cify the objectives, 2) analyse the needs of the target group, 3) analyse the
technological demands on an e-course and particularly ascertain whether 4) the
institution providing a particular e-course has suffi  cient qualifi cation resources
to run it. Y e table c4.2 describes the individual parts of the needs analysis. 

(1.i.b) E-course design

Y e second step—e-course design—is divided into individual parts that are
directly focused on e-course planning and implementation (see table c4.3):
1) learning outcomes, 2) e-course structure, 3) lesson structure, 4) organiza-
tion, and 5) adaptation and sustainability of the e-course. 

(1.i.c) Tools for e-course authoring

Y e available tools for developing learning materials and activities as well as
the associated teaching practices and methodology are described in table c4.4. 

(1.i.d) E-course evaluation

Evaluation should be an integral part of any e-course. Y e guidelines for
evaluating an e-course are summarized in table c4.5. 
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table c4.2 How to create an e-course—the basic steps—needs analysis

Specifi cation
of objectives

Y e objectives of the e-course are based on its learning outcomes. Y ey
contain information on the knowledge and skills that the participants 
will a~ ain upon completion. Y ey are formulated from the perspective 
of the participants in the e-course; the verbs used should refl ect the level
of knowledge the participants should achieve. Y e objectives correspond to 
the specifi c competencies that the participants will gain. Y e objectives must 
be measurable and verifi able. 

Target group Y e requirements and needs of the target group must be taken into account
when designing an e-course. Y e e-course is organized according to the
education needs of the target groups, based on their professional orientation, 
past experience and the possibility of increasing qualifi cation. Y e e-course 
content refl ects the education needs of the target group based on previous 
analysis of this target group. Any inhomogeneity of the target group should
be balanced by individual learning plans. 

Technical
requirements

Technological solution of the virtual learning environment (VLE) is the result
of the overall analysis developed on the basis of the requirements and needs
of the target group, and on the basis of available personnel resources, the
defi ned education goals and the assessment possibilities. VLE is provided
to the participants using a specifi c LMS system. All its modules and
programmes should be compatible and interoperable between LMS systems 
commonly used. 

Provider Y e institution implementing an e-course has suffi  cient background in the
provision of education and technical support for running the e-course. 
Y e institution implementing the e-course has implemented standard 
procedures, which encompasses the design, creation and implementation
of the course. Y is institution is authorized (through accreditations and
certifi cations) for providing the specifi c education.

table c4.3 How to create an e-course—the basic steps—design.

Learning 
outcomes

Individual teaching blocks include the objectives and outcomes that students
should achieve a] er completing the lesson. Y ey are relevant to the topic 
and content focus of the e-course. Learning outcomes set out what is to 
be achieved in the e-course and how it will be measured and assessed. Y e 
learning outcomes are based on the e-course objectives and requirements of 
the target group. Y ey correspond to the output competencies targeted at the 
participants. 

E-course 
structure

Y e e-course is logically structured into smaller units (modules, lessons) and 
composed of several learning objects that relate to the overall focus of the
e-course. Y e e-course content is designed to achieve the learning outcomes in
the context of acquiring new knowledge and skills (competencies) in a logical
structure. Organization and sequencing of the learning objects is relevant 
to the e-course content and the target group. Single topics relate to the main
theme and have a fi xed structure. 
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Lesson
structure

Lessons are broken down into several items with simple navigation: 
1. Introduction: lesson summary, expected learning outcomes, organizational 

instructions, details about the author and tutor. 
2. Time schedule of lesson activities.
3. Lesson objectives.
4. Learning materials (Preferably, the learning materials included in the

e-course should have cross-platform format. Y is can be achieved by 
authoring the materials directly inside the VLE or the PDF format can be
used as well. Learning materials that are technically more demanding, such
as digital videos, should be stored at external sites (e.g. a video-streaming
server), and included in the lesson in the form of links.

5. Acquired knowledge assessment.
6. Communication tools.
7. Lesson evaluation.

Organization E-course participants should obtain precise organizational instructions, such 
as the time schedule, terms and conditions required to complete the e-course, 
information about tutoring when available, etc. Y is information has to be
available before the e-course starts as well as during its run.

Adaptation
and sustain-
ability of the
e-course

Y e e-course should be peer-reviewed by a qualifi ed expert in the fi eld before
its start. All functionality of its elements should be tested, updated and 
revised regularly. Y e selected VLE should provide the same functionality
in all widely supported internet browsers. Y e e-course sustainability refers 
mainly to its interoperability, i.e. it should meet the available standards, such
as SCORM, AIC, IEEE.

table c4.4 How to create an e-course—the basic steps—authoring tools

Methodology Y e e-course contains a description of the applied teaching methods and
didactic procedures. Y e choice of the pedagogy approach (i.e. teaching
methods and didactic procedures) should be related and appropriate to the
predefi ned e-course objectives. E-course participants must understand the 
benefi ts of the support in terms of technology-enhanced learning. VLE as 
well as all the linked resources (multimedia such as digital videos, fl ash
animations, etc.) have to be properly described. Y e importance of the
learning activities taking place through synchronous and asynchronous
communication must be clearly explained. Y e methods of blended learning 
should be adequate to the target education level of the students, refl ecting the
needs of students as well as the focus of the e-course. Y e learning activities 
based on collaborative work (team-based learning, discussion forums, etc.)
are properly planned and organized as an integral part of the e-course.. 

Learning 
materials

Y e learning materials have to be available—any broken links should be
avoided. Y is requires special a~ ention to the learning materials referenced
as external resources. Y e e-course design should clearly distinguish learning
materials that are mandatory, recommended and optional. Any copyright
infringements must be avoided.

table c4.3 Continue
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Learning 
activities, 
communica-
tion and
collaborative 
tools

It is necessary to clearly explain the expectations from any type of learning 
activity included in the e-course design. Y e deadlines and penalties have to
be defi ned clearly. Y e learning activities should be always presented such
that they encourage the participants in their learning eff orts.
LMS or VLE should provide communication and collaborative tools such as
discussion forum chat, blog and should support group work activities, such as 
wiki or workshops. Further, it has to provide a search functionality covering 
all communication and collaboration activities done during the e-course run
(tasks, assignments, discussion forums, chats, blogs).

Evaluation At the beginning of the e-course, all participants have to be aware of the
fi nal assessment method. Y e number of evaluated activities and the time
for their fulfi lment should be reasonable. Assessment methods and tools are
adequate and appropriate, and relevant to the focus of the e-course content
(learning outcomes) and the target group. Y e diff erence between continuous
assessment using tasks and tests, evaluation of collaborative work and
the fi nal assessment in the e-course is clearly defi ned and explained. Y e
criteria for evaluation (e.g. in the case of collaborative work, participation
in discussions) should be always available for e-course participants. Y e 
participants are given instructions that describe and explain the tasks (what 
has to be done, the time frame, and the expected results), the assessment 
tests as well as the procedure for evaluating the tasks. Y e tests of knowledge
assessment are linked to the learning outcomes, their items are measurable 
and their content is reasonable. Y e assessment tests are compiled in 
accordance with the e-course objectives and its focus; they correspond to the 
abilities and skills of e-course participants. Y eir items are measurable, in 
order to indicate the level of achieving the learning objectives. All evaluated
activities are monitored and recorded. Participantsʼ performance is regularly
monitored in order to uncover any need for special support during the run of 
the e-course. 

table c4.5 How to create an e-course—the basic steps—evaluation

Methods 
and types of 
evaluation

At the end of an e-course, the overall evaluation focuses on the course quality.
Feedback from students is collected through questionnaires and other tools.
E-course evaluation should cover the following items. 
1) Design (used methods, pedagogical approaches, navigation, structure)
2) Management (time schedule and workload, marking policy, testing,
tutoring, ability to motivate students, feedback provision and support for 
participants, collaborative activities versus individual activities, tasks) 
3) Content (relevant education content), learning objectives, tests and
examples, case studies, discussions, additional learning resources, course
documentation, tutorials, course syllabus, information leafl et on the course 
4) Multimedia and technical support (registration, accessibility and user
experience in virtual learning environment, download time, etc.)

Overall
evaluation of 
an e-course

A report should be composed as a result of the overall evaluation of the
e-course quality. Developed on the basis of opponent reviews, expert opinions
and the data obtained from feedback forms fi lled by participants, the report 
should include recommendations for improvements and innovations for the 
next run of the e-course. Y e recommended improvements and innovations
should be related to: 1) e-course design, 2) e-course content, 3) linked 
multimedia and other resources, 4) e-course management and technical 
support.

table c4.4 Continue



c4 ⇒ 165

moodle courseware services for mefanet

part 2—quantitative evaluation of e-course quality 
Quantitative evaluation of e-course quality is divided into diff erent areas 

covering the proposed evaluation framework. Y e fi nal score report also in-
cludes the possibility that a particular criterion is not suitable for evaluating 
the given e-learning course, see figure c4.3. 

part 3—criteria balancing
Within further development towards improving the quality of e-courses, the 

application, which implements the evaluation model, also comprises an option
focused on balancing the criteria applied, i.e. assigning weights to particular
evaluation criteria based on the Fuller method of multi-criteria decision mak-
ing. figure c4.4 shows an example of determining weights for individual cri-
teria and its comparison with other criteria evaluated in the particular e-course. 

figure c4.3 Qualitative evaluation of an e-course quality.

figure c4.4 Criteria balancing.
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INNOVATIVE TOOL FOR CURRICULUM MANAGEMENT
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‘Harmony makes small things grow, lack of it makes great things decay.’
sallust

Summary. Y e need for a well-balanced curriculum, particularly in medical
education, is indispensable. Today, a comprehensive platform that would en-
compass all necessary instruments for easy in-depth curriculum management
remains lacking. Our proposal is a web-oriented platform, which is built on
learning outcome paradigm and means a fundamental paradigm shi]  in the 
curriculum design for many higher education institutions. Y e implications
of this work can help academics in curriculum reengineering activities and 
provide a clear overview of the curriculum structure. Y e presented concept
has been developed for the potentially perpetual process of specifi cation and
subsequent updates of the curriculum, making it possible for its users to de-
scribe the education as eff ectively and as easily as possible.
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MEDICAL CURRICULUM PLANNING

Nowadays, higher education institutions use various technologies to man-
age diff erent aspects of their daily activities, but none exists for managing the
curriculum, despite it being a fundamental activity [1]. Leading representa-
tives of many academic institutions, involved stakeholders as well as the cur-
riculum designers have realized the key role of correctly compiled courses in
eff ective delivery of educational programmes. Y e need for guaranteed and 
high-quality curriculum, particularly in medical education, is essential because
medicine does not allow any gaps in the knowledge obtained during studies 
and any error in medical practice may lead to fatal consequences. As modern
Information and Communication Technologies (ICT) has seen rapid develop-
ment, it can now be used for pu~ ing forward many innovative tools, which 
would not only eliminate the poor transparency of curricula but also help to
improve teaching as such. Y e main objective of this chapter is to introduce
a web-oriented system, including the planning model, for performing reason-
able innovations in the organization of education process, specifi cally in med-
ical fi elds. Y e motivating factor here is the prevailing frequent overlaps in the
presented topics as well as by the subjective approach to these topics by dif-
ferent teachers. Y e mentioned overlaps might be desirable in some cases and
undesirable in others. As in other fi elds and academic institutions, it is also 
evident in medicine that the overview of the lesson structure and content is
not ideal and it o] en happens that the overlap between theoretical and clinic-
al subjects is either too large or, on the contrary, rather insuffi  cient. Anyway,
considerable diff erences in teaching materials and lectures may emerge in 
this way resulting in lower clarity and poor comprehension for the students.
Y is is particularly true of medical students who face specifi c challenges com-
pared to students studying other fi elds at universities. Y e reason is that their 
future job places high demands on the level of knowledge they are expected 
to achieve, pu~ ing great pressure on avoiding errors.

METHODICAL BACKGROUND

Y e methodology behind our system is based on published solutions and
expert a~ itudes to medical curriculum construction. Y e Bergen ministeri-
al conference of the Bologna Process in May 2005 discussed reforms concern-
ing degree structures, credit transfer, quality assurance and curricular devel-
opment, which are transforming the European Higher Education Area. Y e
European tertiary education systems are undergoing radical restructuring in
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line with the objectives defi ned by the Bologna Process. Design and structure
of new curricula constitute signifi cant change processes and require cooper-
ation and coordination [2]. Y e entire concept is oriented to the new paradigm 
according to the conclusions of the Bologna process, which advocates out-
come-based education. Y is performance-based approach at the cu~ ing edge
of curriculum development off ers a powerful and an appealing way of reform-
ing and managing medical education. Emphasis is on the product—what sort
of doctor will be produced—rather than on the education process [3]. Gener-
ally, learning outcomes defi ne a set of knowledge and skills that are essential 
for a student who has fi nished a specifi c course/semester/year/fi eld. Y ere ap-
pears to be an interesting opportunity for combining outcome-based approach 
with the relevant application of new technologies, which provides an inter-
face for complex web-oriented system over all available curriculum metadata.
Such platform provides essential support during institutional decision-mak-
ing activities related to the creation of a well-balanced curriculum and also
off ers innovative presentation of the curriculum itself. For students, such an 
overview presents a clearer picture of the knowledge he/she is required to ac-
quire during the specifi ed study period, the topics that shall be encountered
during the lessons, the areas that shall be repeatedly emphasized and the spe-
cifi c courses linked to a given topic. For teachers and the faculty management,
such system enables to eff ectively administer the concerned education pro-
cesses, clearly shows who teaches what and to what extent, whether the lec-
tures of individual teachers overlap thematically, whether the overall teaching 
schedule is appropriate, or whether a certain reform of that schedule would
be convenient and helpful.

TECHNOLOGIES FOR CURRICULUM MANAGEMENT

Currently, literature overview shows that the existing web-oriented envir-
onments providing miscellaneous functions to help teachers and tutors choose
which activities add to their course based on intended learning outcomes for
the relevant courses, including the link to assessment agenda [4–10]. Y ese sys-
tems are only partially able to cater for the needs of the today s̓ tertiary educa-
tion. Y is is due to the fact that the current structure of education domain and
harmonization requirements is quite diverse. Y is is one of the reasons why
the issue of innovation has been confronted in many fi elds as a mere tertiary
fi eld by diff erent academic institutions, as the analysis of the current global 
situation indicates. However, today a coherent solution that would cover user-
friendly tools for easy in-depth curriculum management is still missing. In gen-
eral, published solutions focused on outcome-based curriculum are limited to
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a certain perspective, off ering the agenda together with selected functionalit-
ies (learning outcome management, comprehensive assessment, grades assign-
ment, analytics, reporting, curriculum mapping, etc.) and making an eff ort to
provide them to students and teachers of the respective institution in a trans-
parent format. We aim to make the curriculum guaranteed and more transpar-
ent, including approved control mechanisms in the form of deep curriculum 
inspection. Here, we propose a system that is built on the learning outcome
paradigm—i.e. an approach that implies a fundamental paradigm shi]  in the
curriculum design for many higher education institutions at European level [11].

optimed portal

PostgreSQL database

Learning outcome register Learning unit register Browser

eduID.czGoogle Analytics

figure c5.1 Y e OPTIMED platform modular structure.

figure c5.2 Data grid component used in both registers.
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ENGINEERING AND DEVELOPMENT

So] ware development approaches are continually improved by the need to
ensure the best quality of the fi nal product and of course, to save costs dur-
ing development [12]. Engineers, managers, and other stakeholders are facing
these challenges at diff erent levels. We have adopted the Extreme Program-
ming methodology [13], which is a popular method in agile so] ware develop-
ment. Based on the gathered requirements, a modular structure of the system 
was proposed (see figure c5.1), where each independent module provides
separated functionality according to its use in practice (e.g. content manage-
ment or search focus): a) Learning outcome register, b) Learning unit register,
c) Browser.

Y e fi rst two modules were built on the data grid component (see fig-
ure c5.2), which makes outcomes and units accessible and manageable for 
curriculum experts. Further, it also off ers advanced search and fi ltering. Y e
Browser module is a search engine designed to present searched results in 
a clear link to the curriculum. Y e administrative agenda of the portal covers
public information about project intentions, the main goals, the related docu-
ments and also the discussion groups.

We used a number of technologies and components during the development
process, which rendered easy implementation a] erwards. Y e web-oriented
architecture runs on the most-used and widespread web servers—either an
Apache server or a Microso]  Internet Information Server (IIS). We use Linux/
Ubuntu and Windows Server operating systems for proven performance. All 
the tools were developed with the use of PHP (version 5.3.10), XHTML, CSS2,
JavaScript, AJAX and PostgreSQL. We have also acquired the services of third
party frameworks, such as jQuery (JavaScript library used for easier develop-
ment of web-centric technologies), CKEditor (WYSIWYG text and HTML edi-
tor designed to simplify website content creation) and DHTMLX components 
(JavaScript grid control provides cu~ ing-edge functionality, powerful data
binding, and fast performance with large data sets) [14].

Y e system itself is built on the most widespread so] ware architecture for
the today s̓ world web applications, called Model-View-Controller (MVC). Y is
original concept is conceived as a general solution to the problem of users con-
trolling large and complex data sets [15]. Y e main idea consists in separating 
an application into three parts, which represent the core functionality: model,
view and controller. In order to guarantee a fully debugged fi nal product, we
have maintained two separate domains—development and production environ-
ments. Y e environments themselves are nothing more than the sites on which 
scripts and data reside, including the appropriate servers plus whatever else 
may be necessary for the scripts and data [16]. Y e development environment
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figure c5.3 Use case diagram describing the interactions
with the end user or another system.

field_course

course

course_unit person

field unit person_outcome

unit_outcome outcome

module_outcome

module

role

figure c5.4 Y e simplifi ed proposal of a formal database metadata arrangement 
describing the curriculum independent of subsequent implementation.
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is inaccessible to the public but wide open to all developers and it is dedicated
to the phase of testing and measuring the performance characteristics. Y e
production environment is the fi nal endpoint in the release process and al-
ways hosts only those applications that have previously undergone the phase
of in-depth testing. Unfi nished or preliminary versions of applications and 
data should never be placed here. We have also used GitLab open source so] -
ware for transparent and safe collaboration on code. It enables developers to
work jointly on public or private projects, manage access rules to repositories
and perform code reviews. All phases of the system development adhered to 
the recommended rules and declared standards.

system accessibility

Y e proposed web-oriented system was intended primarily for academic staff  
(students, teachers and faculty management). To make this platform accessible 
on the Internet, it has to be equipped with a robust authentication/authoriz-
ation framework. Y us, federated authentication and authorization services
provided by eduID.cz federation [17] was employed. Y is third party server 
application is used for central authentication process, which establishes user
identity trust and authenticity between disparate universities. Y e Czech aca-
demic identity federation eduID.cz fully provides the means for inter-organ-
izational identity management and access control in tertiary education. Y e
federation is based on one of the available tools for web single sign-on process,
named Shibboleth [18]. Y e primary goal consists in the application of web
single sign-on (SSO), which ensures users to access multiple applications using
just one password that is generated and used by the users within their home 
institution [19]. Authentication represents a verifi cation process that someone
or something is, in fact, who or what it is declared to be (‘I am who I say I am’).
Y e authorization serves to ascertain if the person, once identifi ed, is permit-
ted to have the resource or to do the operation (‘what I can see or do based on
what my role is’) [20]. Y ese federated services are necessary for creating a se-
cure and trusted technology infrastructure for sharing and using information 
by individuals at multiple locations, see details in chapter b4.

Y e basic user roles were identifi ed and classifi ed into two groups—visit-
ors (users without authentication) and academic users (users with authenti-
cation). Y e group of academics includes students, teachers, curriculum de-
signers, guarantors and developers. Curriculum designers play an essential
role, as they are responsible for the quality of curriculum description includ-
ing defi nitions of input knowledge and skills required in subsequent practice.
An access control list (ACL) represents a powerful tool for expressing access
control policy in terms of the way in which we clearly described the permission
a~ ached to any entity involved. Y e key issue is transparency in the defi nition
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of access control mechanisms [21, 22]. User security a~ ributes in ACL consist
of groups to which the user belongs and the roles assigned to the user. Object
security a~ ributes in ACL explain the permissions required to perform oper-
ations on the object. Y e ACL exactly specifi es which users or external entit-
ies are able to grant access to the specifi c part of the system, as well as what 
operations are allowed on a given object. figure c5.3 shows the interactions
between particular end users and the system in accordance with the unifi ed
modelling nomenclature. 

formal description of curriculum

As stated above, there does not appear to be any solution for parametrically 
describing, eff ectively managing and clearly and in-depth visualizing the cur-
riculum and all related information under one system to date. Y is is the basic 

figure c5.5 Screenshot of the homepage of the curriculum management platform 
implemented at the Faculty of Medicine, Masaryk University, Brno: the OPTIMED project.

table c5.1 Y e summary of the curriculum of involved case study.

General Medicine

Total number of modules 4

Total number of courses 144

Total number of learning units 1347

Total number of learning outcomes 7063

Total number of teachers and guarantors 385

Total number of students over 2000
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impetus for designing a new original portal for curriculum innovation, which
supports an outcome-based approach. A similar solution based on the afore-
mentioned parametric description of curriculum, including all appropriate 
metadata details (i.e. a~ ributes of learning outcomes, units and objects), has 
not been widely seen. Y e benefi t of the development is also represented by 
a new concept resting on the following formal curriculum proposal—a concept 
that has not yet been implemented in similar solutions [23]. It covers all elem-
ents pertaining to global curriculum harmonization, including detailed formal
metadata specifi cation down to the level of learning units and interconnections 
to the learning outcomes. It opens the possibility of reforming the curriculum 
structure eff ectively, as all elements are available in the form of parametric
description. Y e organization of the data and its linking are provided in the
curriculum model, which can be implemented without any restrictions within
any database technology. figure c5.4 describes a simplifi ed conceptual data
model of the fundamental a~ ributes in the proposed solution.

implementation issues and results

Y e portal platform is based on parametric description of the curriculum
using outcome-based approach. It provides an interface for curriculum
metadata creation and editing, a user-friendly tool for transparent browsing
supporting fast and accurate search, and a technology for graphic visualiza-
tion of the curriculum relations. Y e pilot curriculum reform and harmon-
ization was implemented in the OPTIMED project (Optimization of Medical
Education) at the Faculty of Medicine of Masaryk University in Brno [24]. 
Y e primary eff ort of the OPTIMED project is comprehensive innovation of 
the General Medicine study fi eld and strengthening of lessons by focusing on
the solution, matching the future clinical or academic job of the graduate [14]. 
A correctly compiled and balanced curriculum across medical fi elds is an es-
sential prerequisite for medical education. A suitable combination of theoret-
ically focused courses and clinical teaching base is certainly the key to a suc-
cessful dra]  curriculum. As in other fi elds and faculties, also in medicine it is 
evident that the overview of lesson structure and content is not ideal and it
o] en happens that the overlap of theoretical subjects with clinical ones is too
large or, on the contrary, insuffi  cient. Y e key element of the project is hori-
zontal innovation of compulsory and compulsory-optional subjects taught by 
the outcome-based approach and modules available within the curriculum 
management platform (Learning outcome register, Learning unit register, 
Browser—see figure c5.5).

Y e OPTIMED strives to create an innovative dynamic platform to make 
orientation in the lessons easier for students and teachers alike, and make the
knowledge and skills of students in practice more effi  cient. Y e key parameter
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in the system is its dynamism, i.e. its ability to absorb new knowledge in medi-
cine and incorporate it rationally into patient-oriented learning. Y e primary
task is not radical change in learning, but rather to map the current state at
the Faculty of Medicine and allow be~ er orientation and transparency across
learning thanks to a suitable choice of ICT [25, 24]. table 1 gives the summary 
in numbers describing the particular study fi eld.

Since 1 April 2014, the OPTIMED system has been fully opened to all stu-
dents and teachers of the Faculty of Medicine at Masaryk University. Depend-
ing on various user roles in accordance with the access control list, academics
are able to use individual modules for global curriculum overview and also for 
managing the learning units and all descriptive a~ ributes such as annotation,
meaning, MeSH keywords or related learning outcomes. We have integrated
Google Analytics—a 3rd party service that measures and generates up-to-date
statistics, reports and analyses based on the traffi  c and visitor s̓ behaviour. fig-
ure c5.6 demonstrates the latest Google Analytics summary overview, where
audience behaviour is reported.

figure c5.6 Y e OPTIMED portal: Google Analytics overview (from 1 April to 1 August 2014).

49 % 51 % new
visitor

returning
visitor
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DISCUSSION & CONCLUSIONS

Y e OPTIMED project represents a pilot curriculum reform activity using an 
outcome-based approach. In this project, a brand new and original harmon-
ization system within tertiary education was developed by adopting approved 
methodical background and using modern development trends. Y e presen-
ted platform helps academics in their curriculum reengineering eff orts, as it
provides a transparent overview of the curriculum structure. We proposed
a system for curriculum innovation that has been successfully implemented
into practice in the General Medicine fi eld of study. Its primary objective is to
make all eff orts expended by users more effi  cient, as regards the creation, edit-
ing and control mechanisms in the form of deep content inspection. It is used 
in practice by senior teachers and professional guarantors within the content
inspection of medical curriculum. Y e target group of the proposed system
involves the broader academic community: primarily students, followed by
all teachers and the faculty management. Y e basic idea is to create an innov-
ated, elaborated and dynamic system based on the above-mentioned concept 
of standardized defi nition of the learning outcomes.
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D1
Y e MEFANET network covers all medical faculties based in the Czech

 Republic and Slovakia, and it is driven by the MEFANET Coordinating Coun-
cil, which is composed of representatives of all participating members. Y e
 MEFANET project is a voluntary initiative, which promotes equal and unbiased 
cooperation among the medical faculties. It is certainly not meant to aff ect or
control teaching activities at individual faculties: all targets of the MEFANET
project fully respect the independence of individual faculties. Y is inter-uni-
versity project was accomplished as early as in 2006. Y e network of medical
faculties (MEFANET) was fi nally established on 20 June 2007 at the constitu-
tive meeting of the Coordinating Council in Prague. In 2012, the health care
faculties joined MEFANET and they are coordinated by an independent Health 
Care Sciences Coordinating Council (see chapter d2).
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ABOUT THE UNIVERSITY/FACULTY

Y e Masaryk University was founded in 1919 and proudly bears the name
of T. G. Masaryk, the fi rst President of Czechoslovakia. It is the second largest
university in the Czech Republic with more than 43 000 students. Today, the
University comprises of over 1200 fi elds of study at nine diff erent faculties—
Law, Medicine, Science, Arts, Education, Economics and Administration, In-
formatics, Social Studies, and Sports Studies. Y e University premises is primar-
ily concentrated close to Brnos̓ historical centre, with parts of the faculties of 
natural science, medicine and sports situated in the new campus in the south
of the city. Y e Faculty of Medicine was founded in 1919 as one of the fi rst fac-
ulties of Masaryk University. It currently includes 66 institutes and clinics,
employing 1077 personnel. Y e two teaching hospitals (Bohunice and St Anne s̓
Teaching Hospitals) boast a 3000-bed capacity accessible for teaching, giving
students excellent opportunities to see a wide variety of cases and thereby, en-
suring rich education experience.

At the Medical Faculty of Masaryk University, 8 non-medical departments
were established in May 2005: Nutritional Department, Dental Department, 
Department of Physiotherapy and Rehabilitation, Department of Laboratory 
Methods, Department of Optometry and Orthoptics, Department of Nursing,
Department of Midwifery and Department of Radiological Methods). Y ese de-
partments are responsible for 10 Bachelor s̓ degree and 4 subsequent Master s̓
degree programmes. All types of study programmes are a~ ended by approxi-
mately 1250 students.

VIEW ON MEFANET AND ITS ACTIVITIES 
FROM INSIDE OF THE FACULTY 

prof. anna vašků, md, phd
Vice-Dean for External Relations
Head of the Department of Pathological Physiology
Editing Commi� ee Chair

Digital versions of education works (i.e. textbooks) are ranked at our Fac-
ulty in the same way as the works published in printed form. In order to rec-
ognize a digital education work as part of author s̓ teaching activities during
the career development process, the digital publication must meet the follow-
ing requirements:
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1. Y e work must be published on the offi  cial education web portal of the Fac-
ulty, h~ p://portal.med.muni.cz [ISSN 1801-6103].

2. Prior to publishing the digital education work offi  cially, it must go through
the standard approval process controlled by the Editing Commi~ ee of the 
Faculty, which selects appropriate reviewers.

3. Y e header of the digital education work must contain:
a. names of the authors, their affi  liations, phone numbers and e-mail

addresses;
b. names of the reviewers, their affi  liations, phone numbers and e-mail

addresses.
4. In case of a digital education work by multiple authors, its recognition in

their career development process is controlled by the same rules as for sim-
ilar education works published in printed form.

Y e above rules were duly approved by the Scientifi c Board of the Faculty
in October 2005 and shortly a] er they were implemented with the use of edi-
torial processes in the administration interface of the Faculty education web
portal—the MEFANET portal instance. Since then, the Editing Commi~ ee has
discussed selection of reviewers for a wide range of completed digital educa-
tion works. Quality assessment in printed and digital textbooks as well as set-
ting and monitoring annual editorial plans of the Faculty—these are the main 
activities of the Editorial Commi~ ee—an advisory body to the Dean of the 
Faculty. Y e digital textbooks are published especially in cases where it is, in
terms of the expected consumption and sale for a particular title, economic-
ally unfeasible to publish textbooks in printed form. Currently (August 2014),
there are 30 digital education works in the Czech language and 5 such works in
the English language published on the Faculty education web portal with the
Editorial Commi~ ee logo and most of them are available not only for medical
students in Brno but for all students of the faculties involved in the MEFANET.  

Our Faculty has been coordinating the MEFANET education network since 
its founding in 2006/2007. With the growing interest of our educators on ef-
fective e-publishing of education materials, many important questions and
concerns have surfaced. In the fi rst workshops organized by MEFANET at our 
Faculty, the educators-authors were particularly interested in the ethical and
legal issues resulting from the specifi cs of teaching at medical schools. In the 
following years, the workshops and other MEFANET events organized at the 
faculty were focused primarily on quality assessment of digital education ma-
terials and the possibilities of their e-publishing. Y e activities of the MEFANET
education network at our Faculty are in synergy with other education projects,
such as OPTIMED (Optimization of Medical Education)—the main education
project focused on comprehensive innovation of the General Medicine study
programme. Y e innovations strive towards smoother continuity between 
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theoretical and clinical phases of the study and are driven by the need to de-
liver graduates with 21st century skills. One of the key points of the project is
the use of ICT tools, such as comprehensive registries and browsers in paral-
lel with visual analytics, in order to achieve a horizontally innovated structure
of compulsory and compulsory-optional subjects. Y e objective is not a radic-
al change in learning or teaching, but rather exploratory mapping of the cur-
rent state of the General Medicine curriculum with the prospect of innova-
tions towards more transparent education environment.

assoc. prof. miroslava kyasová, msc, phd
Vice-dean for non-medical specialties
Member of the MEFANET coordination council for health care sciences

In December 2011, steps were taken to include the Czech and Slovak institu-
tions of tertiary education in charge of non-medical health care professions in
the MEFANET network. In February 2012, the Coordination Council of Non-
Medical Health Care Professions was established. Y e members of the Coun-
cil checked the content of existing learning materials that were published for 
non-medical professions on the MEFANET portal for various professions. In
this context, an independent Group of Non-Medical Health Care Science was
established. Y is group includes the following subgroups: nursing, midwifery,
rehabilitation-physiotherapy, rehabilitation-occupational therapy, intensive 
care, rescue (paramedic), radiology technician, laboratory technician, public
health care, bio-medical technician, nutrition therapist, orthotics-prosthetics, 
optometry-orthoptics, dental hygienist, and health care social worker. Guar-
antors were nominated for each of the subgroups. Y e task of the guarantors
is to propose publication activities within the electronic learning, which in-
cludes proposing the professionals to review the learning materials. Y e re-
viewed e-learning texts will contribute to the development of individual pro-
fessions and will meet the requirements of the Accreditation Commi~ ee of 
the Ministry of Education when applying for accreditation of the education in
combined form. Y e representatives of the individual specialties are addressed
now to develop the portal platform for learning materials. Y e individual non-
medical health care professions will be gradually included in MEFANET. Cur-
rently, the most learning materials are stored in the nursing subsection.
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Czech Republic

 ⁄ Web-site:
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 ⁄ MEFANET portal instance:
h~ p://portal.lf1.cuni.cz/

 ⁄ Representatives in the MEFANET Coordination Council:
▶ Prof. Stanislav Štípek, MD, DSc
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▶ Čestmír Štuka, MSc, PhD, MBA
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ABOUT THE UNIVERSITY/FACULTY

Charles University was founded on 7 April 1348 by the Bohemian King and 
Emperor of the Holy Roman Empire, Charles IV. � e First Faculty of Medicine in 
Prague has been part of Charles University since its founding, making it the
oldest medical faculty in Central Europe. Currently, it includes 80 institutes
and clinical departments where it provides the six-year Master s̓ study pro-
gramme in general Medicine and the fi ve-year Master s̓ programme in dentistry. 
Y e faculty also provides Bachelor s̓ study programmes in nursing, medical
technology and informatics, nutritional therapy, ergotherapy, physiother-
apy and addictology, and also joint Bachelor–Master s̓ programmes in some of 
these fi elds. Medicine and Dentistry is taught in the Czech and English lan-
guages. Currently, 1700 teachers impart teaching to 4500 Czech and 800 Eng-
lish speaking students. Y e largest teaching base of the First Medical Faculty
is the General Teaching Hospital with 5800 employers and 1900 beds. Y e hos-
pital is responsible for medical care in the four districts of Prague and in some 
specialized fi elds it serves the whole Czech region. Y e faculty cooperates in
the form of joint workplaces with other Prague hospitals

In addition to the signifi cant teaching tasks, the faculty is also an important
research center. Y anks to the well-established research workplaces and the
scientifi c staff  and the highly amicable research cooperation with the General
Teaching Hospital, the First Medical Faculty has been repeatedly evaluated as
one of the most eff ective institution in biomedical research in the Czech Re-
public. It successfully competes for grant projects and other foundations. More 
than 2000 titles and original research articles of total IF 23 000 are published
per year. About 800 PhD students are engaged in these scientifi c activities.
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VIEW ON MEFANET AND ITS ACTIVITIES 
FROM INSIDE THE FACULTY

assoc. prof. martin vokurka, md, phd
Vice-Dean for Study Aff airs and � eoretical and Pre-clinical Education
Head of the Institute of Pathological Physiology

Y e teaching of a dynamic discipline, such as medicine, certainly brings many
challenges. Among them, the availability of high quality and mainly up-to-date
information for students is one of the most diffi  cult tasks. Lectures and sem-
inars are the obvious methods of presenting the latest information, but they
are merely ‘fi ] een minutes of fame’ with low retention. We need something
that is constantly and immediately available. We o] en remind and reproach
the students that they have forgo~ en or even neglected what has been taught/
told to them but … It is very diffi  cult not only to remember but also to give
each knowledge the good proportion and the relevant priority it merits. Even
the top-ranking textbooks rarely contain the newest information; in addition,
they are not always available and sometimes really very heavy …

Computer aided learning brings an excellent opportunity to overcome these
problems. It was true from the very beginning when we started to display our
hand-outs and presentations on the newly and proudly prepared web pages of 
our departments for the purposeful creation of teaching texts and interactive
models directly for internet publication, almost on everyday basis.

Y is brought new problems and challenges for the IT departments as well
as for the teaching staff . MEFANET is certainly an excellent response to most
of these challenges. It is a functional platform that coordinates with all med-
ical faculties in the Czech and Slovak Republics and not simply cyberspace for
sharing education materials. It enables peer reviews, user feedback, and mo-
tivates the students, the teachers and the authors to innovate—think, believe,
innovate. Y e interdisciplinary Wikiskripta project is an excellent example of 
such interaction among teachers and students. MEFANET is dynamic system
in the best sense of the word.

Obviously, it is not an ‘all-inclusive’ method that can totally replace a good
and charismatic teacher; however, it gives the teachers more options of work-
ing and cooperating with students. We should pursue this method further and
expend eff orts towards integrating it into our daily professional work and in
new teaching and communication methods.



▶D1.3◀

CHARLES UNIVERSITY IN PRAGUE, 
SECOND FACULTY OF MEDICINE
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ABOUT THE UNIVERSITY/FACULTY

Y e Second Faculty of Medicine (Second Medical School) follows the history 
of Charles University in Prague, which was established in 1348, and continues 
the nearly fi ] y-year old tradition of the former Faculty of Paediatrics of this
University. Y e Motol-based Second Faculty of Medicine off ers pregraduate
and postgraduate education to students, doctors and other professional staff  
working in all fi elds of medicine. About 1000 students are presently studying
at the Faculty.

Y e clinical base of the Second Faculty of Medicine is the Motol University
Hospital (h~ p://www.fnmotol.cz), which is one of the largest hospitals in 
Europe. Y e total number of beds is approximately 2300, of which 690 are in
paediatrics and the remaining 1230 beds are for adults. A total of 800 med-
ical doctors work in the hospital, forming part of the 3000 medical personnel,
as well as another 900 employees contributing to the running of the hospital. All 
departments in paediatrics are highly specialized, and some of their activities
are unique in the Czech Republic (oncology, haemodialysis, epileptology, etc.).

VIEW ON MEFANET AND ITS ACTIVITIES 
FROM INSIDE THE FACULTY

zuzana dobiášová, msc
Head of the Library
Editorial Commi� ee

Y e educational web portal (h~ p://mefanet-motol.cuni.cz), which is part of 
the MEFANET portal platform, is the main tool for accessing electronic teach-
ing material at our faculty. Within the teaching of Bachelor s̓ and Master s̓ de-
gree programmes, students create WikiSkripta content. Y e LMS MOODLE-
MEFANET is employed as well; for example, it was used to create the ‘Nursing
Course’ encompassing the teaching of the whole subject and also includes au-
thor videos available at the Medical Media stream server.

Y e Second Faculty of Medicine greatly appreciates such MEFANET activities 
since electronic resources allow teachers to prepare educational resources in
formats required by the current generation of students. Our students become
familiar with all of these tools within the Medical Informatics course, guaran-
teeing eff ective utilisation.
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CHARLES UNIVERSITY IN PRAGUE, 
THIRD FACULTY OF MEDICINE

 ⁄ Address:
Charles University in Prague
Y ird Medical Faculty
Ruská 87
110 00  Prague 10
Czech Republic

 ⁄ Web-site:
h~ p://www.lf3.cuni.cz/en/

 ⁄ MEFANET portal instance:
h~ p://portal.lf3.cuni.cz/

 ⁄ Representatives in the MEFANET Coordination Council:
▶ Eugen Kvašňák, MSc, PhD
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ABOUT THE UNIVERSITY/FACULTY

Y e Vinohrady health care campus started its development in the beginning 
of the 20th century, then at the city periphery. In 1902, the Emperor Franz 
 Joseph I inaugurated the Vinohrady Hospital as the primary hospital for cit-
izens of the Královské Vinohrady and Žižkov districts. In 1925, the State Health 
Institute was opened in its vicinity. Both institutions soon started playing key
roles in the development of health care in Prague, Bohemia and Czechoslo-
vakia. Prior to the division of the Faculty of Medicine in 1953, both institutions 
served for training medical students based on the systematic and professional 
approach of their noteworthy staff .

Our Faculty is the bearer of the tradition of medical studies at Charles
University, being one of the four basic subjects taught from its very found-
ing in 1348. As of the academic year 1882/83, the Faculty of Medicine, just as
the rest of the University, was divided into two parts—German and Czech.
On 17 November 1939, together with all other Czech schools, the Czech part of 
the University was closed. Y is temporary cessation of Czech education lasted
till 1945. Y en, along with the whole of the German University, the German
Faculty of Medicine was abolished and its premises were handed over to the
Czech Faculty of Medicine. In 1953, the Ministry of Higher Education divided
the Faculty of Medicine in Prague into three separate faculties: the Faculty of 
General Medicine (including stomatology), the Faculty of Paediatrics, and the
Faculty of Hygiene. Y e la~ er was transformed into the current Y ird Faculty
of Medicine in 1990. Y e fact that a new independent Faculty of Hygiene was
created in 1953 brought about some fundamental changes: this Faculty pre-
served the basic medical focus, although it specialized in the fi elds of hygiene
and prevention. On the one hand, this specialization enabled to develop all
branches of hygiene in our post–war medicine but, on the other, it at the same 
time restricted and limited the scope of studentsʼ realization in clinical practice.

Y e Y ird Faculty of Medicine conferred its teaching degrees to many out-
standing personalities in the last three years, among the most prominent were:
Prof. Zdeněk Neubauer in biology, Assoc. Prof. Ivan M. Havel in artifi cial intel-
ligence, and Prof. Luboslav Stárka in endocrinology. At the same time, several
lectures by well-known foreign specialists took place on the very premises of 
the Faculty. Let us mention at least the Nobel Prize winner in neurophysiology
Prof. J. Eccles, the famous specialist in psychiatry Prof. P. Grof, and the da-
sein-analytic Prof. Condrau. As proposed by the Scientifi c Council of Faculty, 
Sir Karl Raimund Popper (1902–1996), an epistemologist, open society pro-
ponent and one of the greatest philosophers of the twentieth century, was
awarded the degree of doctor honoris causa in medicine on 25 May 1994. Y e
Y ird Faculty of Medicine was party in awarding honorary doctorate to one of 
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the discoverers of DNA, the Nobel Prize winner, Prof. James Watson. Likewise, 
on the occasion of the 650th anniversary of Charles University, we suggested
that another Nobel Prize winner, a world-wide known neurophysiologist, Pro-
fessor Huxley from Great Britain, be also awarded honorary doctorate in 1998.

MULTIMEDIA EDUCATION ALIAS EDUCATION IN ANOTHER WAY

hana svobodová, phd
Vice-Dean and head of Department of Nursing
Lecturer at Department of Ethics, Secondary Nursing School, 
Institute of Medical Ethics and Nursing
Chief editor of the journal ‘Diagnosis in Nursing’

Y e main education projects focused on comprehensive innovation of bach-
elor education at the Y ird Faculty of Medicine, Charles University, are pro-
jects developing multimedia study tools placed on MOODLE. One of the fi rst
tools introduced the project of developing multimedia education material for
teaching the students of the baccalaureate programmes in nursing, physio-
therapy and public health care. Y e material is used in teaching the subject
medical nursing. Y e topic of the project, funded by RP MSMT (2008, 2009), is
multidisciplinary care of patients with cardiac diseases. Y e motivation behind
developing the project was the necessity to rationalize the teaching process, 
particularly in part-time baccalaureate programmes, and the fact that some 
medical fi elds develop rapidly and it is not appropriate or technically feasible 
to teach many bedside examination and nursing procedures. We have to re-
spect the condition and feelings of the patients in various types of facilities, 
namely the teaching hospitals. 

With the FRVŠ 2012 project, the authors managed to create multimedia teach-
ing aids for teaching nursing practice in intensive care. Y ey focused on the 
issue of hygiene care for comatose patients, which includes not only the actual
execution of this demanding performance but with the help of digital videos to
acquaint with the various stages of the exercise, the importance of respecting 
the principles of barrier nursing care, prevention of damage to the musculo-
skeletal system and the prevention of immobilization syndrome in immobile 
patients. In the teaching of nursing in intensive care, there are only a hand-
ful of multimedia visual teaching aids and it is o] en impossible in such pa-
tients to practically demonstrate hygiene care—the large number of students 
and serious condition of patients. Y e combination of image and text allows 
students to realize the situation in intensive care and thus, be more practic-
ally and emotionally prepared for this environment when in actual practice.
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Since 2011, we have been using MEFANET for medical students in ‘Introduc-
tion to clinical medicine’ with many presentations on the basic nursing pro-
cedures and also as an interactive method of teaching during their placement
in community care facilities (fi rst year of study) and in the practice of inten-
sive care in hospitals (second year of study).
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ABOUT THE UNIVERSITY/FACULTY

Charles University (Karlova univerzita) was founded in 1348 and is one of 
the world’s oldest universities. It is not only the largest but also the most fam-
ous and best internationally assessed Czech university. Y e university has 
over 7900 employees, including nearly 4500 academic and research workers.
It educates over 53 000 students (which is roughly one-sixth of all students in
the Czech Republic) studying in more than 300 accredited degree programmes
in 642 fi elds of study. At present, the university comprises 17 faculties spread
over Prague, Hradec Králové and Plzeň; fi ve of them are faculties of medicine,
one of which is in Plzeň. Y e Faculty of Medicine in Plzeň was founded in 1945.
From humble beginnings, the Faculty of Medicine in Plzeň has developed into
a modern university that already produced almost 10 000 practitioners oper-
ating across the country as well as abroad, and 500 bachelor graduates. Cur-
rently, more than 2000 students are studying at the faculty, including approxi-
mately 500 foreigners. One of the most important actual events from the life of 
the faculty is the completion of its new building of theoretical institutes and 
biomedical research centre.

VIEW ON MEFANET AND ITS ACTIVITIES 
FROM  INSIDE THE FACULTY

assist. prof. lukáš bolek, md, phd
Head of the Department of teaching and IT application (OVAVT)

Y e history of e-learning at the Faculty of Medicine in Plzeň began with teach-
ing of the basics of computer engineering, roughly 22 years ago. Y roughout
this period, the training of computer engineering was an integral part of teach-
ing biophysics. About 16 years ago, the Institute of Biophysics established the
Department of Computer Engineering Education and Applications (OVAVT)
whose task was mainly to develop e-learning, initially in the fi eld of IT, and then 
gradually in almost all areas of education at the Faculty of Medicine. Shortly
a] er the formation of OVAVT, its team presented ‘Y e system of gradual de-
velopment of e-learning at the Faculty of Medicine in Plzeň’. Y e basic idea
behind this system was to introduce and use uniform educational support for 
e-learning (LMS), not only to support all types of studies but also the educa-
tion of academic as well as non-academic staff  of the faculty. Education of the
two groups, i.e. both students and employees, was considered important in the
context of maintaining the mutual level of knowledge, especially in the fi eld
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of modern electronic communication and presentation techniques and, of 
course, also in the fi eld of information retrieval and processing. A] er all, this
applies today more than ever. In 2003, for these purposes and on the basis of 
consensus within the university, all faculties of Charles University were re-
commended to adopt the MOODLE system, inclusive of our faculty. For us, this 
step was the fi rst turning point that led to the fi rst actual E-learning courses.
Y e system was then systematically used and further developed thanks to the 
eff orts of OVAVT workers.

Another turning point in the fi eld of e-learning was the entry of the Faculty 
of Medicine in Plzeň into the MEFANET project in 2007; this project aimed at
developing a single and common platform for creating and sharing electron-
ic education materials among all medical faculties in the Czech Republic and
Slovakia. Y e project, focused mainly on developing the MEFANET infrastruc-
ture network, was then fi nancially supported by OPVK (2009–2012). It, thus, 
received the fi nancial support for all medical faculties in the Czech Republic
outside Prague and signifi cantly helped stabilize and develop the MEFANET
network. Before the funding of this project was closed, OVAVT workers pre-
pared the project OPVK ‘MODIM’ to support further development of MEFANET
goals at the Faculty of Medicine in Plzeň and received a grant in the amount
of CZK 36 million, which is incidentally the largest fi nancial grant to an edu-
cation project that the faculty ever obtained. Y e project was, and is, primar-
ily focused on supporting author activities in the fi eld of e-learning and pro-
moting cooperation between the Faculty of Medicine in Plzeň and the Faculty 
Hospital in Plzeň in the area of creating and sharing electronic education ma-
terials for students of all types of studies as well as for academics of the Fac-
ulty of Medicine. Y e project also supported the education of faculty staff . Y is
project is still in progress and ends in March 2015.

In hindsight, it is necessary to state that the application and development of 
the network of MEFANET portals, which are the fi nal product of the project
of the same name, exceedingly raised the level of e-learning at our faculty, ac-
celerated the emergence of a large number of current education materials and 
also greatly simplifi ed access to these materials for both students and teachers. 
Another signifi cant advantage of the MEFANET platform is its complementar-
ity with the MOODLE system; indeed, this system is a very good platform for
the creation and operation of electronic courses but it is not an ideal resource 
for sharing electronic publications, which is the domain of MEFANET portals. 

At our faculty, the enthusiasm of most teachers for electronic education was 
initially very reserved; due to the MEFANET project and supporting MODIM
project, however, their a~ itude gradually changed over time. Today, it can be 
said that a large group of authors of electronic publications emerged at the
faculty, accounting for nearly two thirds of our faculty teachers (about 200). 
Many of them create works in collaboration with authors from other faculties,
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which is in line with one of the objectives of the MEFANET project aimed at
promoting an inter-faculty team of authors. 

Currently, our faculty portal contains 370 materials, mostly high-quality
materials, and we expect that this number will increase signifi cantly over the
next year as the MODIM project continues to run, to about 440. It is a fact that 
the authors, and especially students, are already familiar with using the portal
(in principle, they are already addicted to it!); we are, therefore, convinced that
the contents of the portal will continue to develop even without subsidies. It is 
necessary to realize the major advantage of the portal—the portal allows stu-
dents to fi nd educational works of their teachers who update them continu-
ously. Students thus have the certainty that they educate themselves using 
valid, current and verifi ed materials, which is highly a~ ractive. Already now, 
we can document the interest in using the portal through the access statistics
stating an impressive fi gure of 73 000 only for this year. Another advantage
of MEFANET portals consists in the fact that students as well as their teachers
have access to works that are on the portals of all other faculties.

We can conclude that the MEFANET project certainly contributed to the
development of e-learning at our faculty (and I am convinced that also at all
the others) in many ways. In my opinion, the greatest benefi t of MEFANET is
represented by a gradual change in the conservative approach of the academ-
ic environment to e-learning and the acceleration of the production and avail-
ability of educational materials for students, which allows us to increase the
overall quality of education at our faculty.
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Charles University in Prague
Faculty of Medicine in Hradec Králové
Šimkova 870
500 38  Hradec Králové
Czech Republic

 ⁄ Web-site:
h~ p://www.lÍ k.cuni.cz/

 ⁄ MEFANET portal instance:
h~ p://mefanet.lÍ k.cuni.cz/

 ⁄ Representatives in the MEFANET Coordination Council:
▶ Assoc. Prof. Josef Hanuš, MSc, PhD
▶ Prof. Aleš Ryška, MD, PhD
▶ Assist. Prof. Vladimír Mašín, MD, PhD
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EXPERIENCE OF INTRODUCTION ICT INTO THE TUITION—
BACKGROUND FOR PRESENT MEFANET ACTIVITIES 

prof. pravoslav stránský, md, phd
Emeritus Dean, Emeritus Vice-Dean for Study,
Emeritus Head of the Department of Medical Biophysics
and Computer Technology Centre

Y e fi rst digital computer in the area of medicine in the Czechoslovakia
was installed at Charles University Medical Faculty at Hradec Králové at the 
end of 1964. It was of a Polish origin, ODRA 1003 and in 1968 was replaced by
ODRA 1024. Y e computer became a part of the Center of Medical Cybernet-
ics, which belonged to the Department of Medical Physics (nowadays Medic-
al Biophysics). Y e workers of the Center produced a number of programs for 

ABOUT THE UNIVERSITY/FACULTY

Charles University, the oldest university in central Europe, was founded
on 7 April 1348 by Charles IV, the Holy Roman Emperor and King of Bohemia.
Y e Faculty of Medicine in Hradec Kralove is the oldest institution of higher
education in East Bohemia. It started its educational activities on 25 Novem-
ber 1945. Initially, the Hradec Králové faculty was established as a part of the 
Prague Faculty of Medicine of Charles University. Due to their co-operation
and assistance it was immediately possible to establish both a high quality
teaching staff  and an eff ective departmental structure in Hradec Králové. Y e
fi rst  post – war Czechoslovak president, Dr Edvard Beneš, confi rmed this suc-
cessful development during his visit in 1946. Because of the ‘Cold War’, the fac-
ulty was transformed into a Military Medical Academy for several years. How-
ever, in September 1958, the Faculty returned back to Charles University. For
its nearly 70 years of existence, the Faculty of Medicine in Hradec Kralove has 
been among the top Czech university institutions. To date, the studies have al-
most 10 000 general and dentists doctors. Y e clinical instruction for General 
Medi cine and Dentistry students takes place in the University Hospital Hra-
dec Králové. Scientifi cally and pedagogically the University Hospital closely co-
operates with the Faculty of Medicine. Y e University Hospital was founded 
on the basis of one of the most advanced district hospitals at the same time as 
the Faculty of Medicine (in 1945). It can be proud of being a leader in many as-
pects of medical development. Faculty of Medicine in Hradec Králové was the
pioneer among Czech medical schools in the application of information tech-
nology to the education and research.
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applications in medicine, e.g. computer aided diagnosis and therapy, teaching
models of diff erent diseases, pharmacokinetics and a package of programs for 
statistical analysis of data from biology and medicine. Y e application of these
programs was demonstrated to students during practical classes. Y e comput-
er was also used for the evaluation of results of multiple choice tests. Accord-
ing to the percentage of correct answers a weight of each question was calcu-
lated and the total result of the test was given by a sum of each weight. Y is
algorithm is based on the fact that questions which are replied correctly by all
or no students do not diff erentiate among the students of a tested group and
therefore they bring no information about the knowledge of a tested ma~ er.

In the next step personal eight bit microcomputers IQ 151, produced by a Fac-
tory of Industrial Automation in Nový Bor were used. A special program was
wri~ en for each laboratory measurement, which enabled to record the results 
of measurement and their processing (statistics, calculation of corresponding 
mathematical models etc.). Y ese computers used audiocasse~ es as an exter-
nal memory. Y e casse~ es were replaced by 8inch diske~ es. Y e era of those
microcomputers ended at the 1990 and they were replaced by IBM compatible 
personal computers. Y ese PCs were used to build up a computer room, which
was freely accessible to the students. Y e faculty was connected to the CESNET
(Czech academic version of internet in 1993 and teaching was broaden to ap-
plications, which could be found at various web pages. During the following
next years the CESNET was installed also at students hall of residence, which
were able to access internet without any limitation.

Y ere are two elective courses in the study plan of a General Medicine, Pro-
gram Equipment for General Practitioners and Introduction to Medical Infor-
matics. In postgraduate study programs the computer lab is used the Biostatis-
tical Course and an Excel macro, named Excel3 and wri~ en by J. Bukač, MSc,
PhD, is used for a calculation of parametric statistical tests.

Present MEFANET activities consistently continue in tradition. Y e Scien-
tifi c Board of the faculty approved (2006) the rules for publication of digital
study materials on the Faculty education web portal h~ p://mefanet.lÍ k.cuni.
cz and established the Editing Commi~ ee. Y e publication and education portal 
of Medical Faculty in Hradec Králové currently contains 53 educational works 
from seventeen departments. Simultaneously the LMS Moodle h~ p://moodle.
lÍ k.cuni.cz was selected as the only one supported platform for e-learning
courses presentation, online teaching and self-study.
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ACTIVITIES AND PROJECTS RELATING TO MEFANET—ITMEDIK 

(innovation and development of general medicine study 
programme at the charles university medical faculty in hradec
králové using implementation of information technologies)

assoc. prof. josef hanuš, msc, phd
Vice-dean for technical development and informatics, 
Member of the MEFANET coordination council
prof. aleš ryška, md, phd
Coordinator of the project ITMedik, Member of the MEFANET coordination council

Y e Mefanet ideas cover many diff erent aspects of application of information
technology in medical education. Y e Faculty of Medicine in Hradec Králové
joined to the family of users of LMS Moodle. Fast expansion of knowledge in
biomedical sciences requires adaptation of the teaching process to enable med-
ical students the access to the most important recent information.

Within the spectrum of the tuition tools plays more and more important 
role teaching using modern IT methods—e-learning. Although this type of 
tuition cannot replace the traditional teaching methods with direct contact 
between the teacher and students, it can certainly increase the eff ectiveness 
of the teaching process.

Y e aim of the project was to expand and improve the quality of teaching in
the General Medicine undergraduate program through the creation of electron-
ic study materials (1500 hours) and e-learning courses (500 hours) and further 
extension of tuition by the newly introduced elective interactive e-learning
courses. Y e secondary objective was to improve the professional competen-
cies and skills of teaching staff  of the medical faculty, particularly in the fi eld
of information technologies.

In the production of electronic study materials has been actively involved
30 centers (some 160 authors from various departments), over 1500 teaching
hours in General Medicine have been supplemented by electronic materials. In
the production of e-learning courses was actively involved 16 centers (a total 
of 60 authors from various departments), this resulted in support of 547 teach-
ing hours in 38 subjects of General Medicine study program. Number of sup-
ported/innovated subjects reached 25, a total of 195 academic staff  members 
have been successfully trained in IT skills.

In the course of the project was included also the evaluation of the results, 
where students and teachers were addressed. In the survey 87 % of students
consider e-learning materials as a useful material for their preparation. Ac-
cording to the survey, 69 % of teachers believe that the material which has been 
prepared can improve the quality of teaching.
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ABOUT THE UNIVERSITY/FACULTY

Y e city of Olomouc is a prominent centre of education and culture. Y e his-
tory of higher education in Olomouc began in 1566 with the establishment of 
a Jesuit college and in 1573, this college was granted University rights identical 
to those of other European institutions of higher education. Y e university in
Olomouc is the second oldest university in the Czech lands, which was secu-
larized a] er abolishing the Jesuit order in 1773. Commencement of medical
studies can be traced back to 1778 majoring in surgery and midwifery. In 1872,
the Emperor Franz decided to restore the university and it was renamed in his
honour to Franzens University. In 1946, the university was re-established and
named Palacký University. Gradually, the faculties of Y eology, Medicine, Phil-
osophy and Education were established and in 1947 the university was offi  cially 
opened. At present, it has about 24 000 students, over 1800 teaching staff  and
eight faculties: St Cyril and Methodius Faculty of Y eology, Faculty of Medi-
cine and Dentistry, Faculty of Health Sciences, Philosophical Faculty, Faculty of 
Science, Faculty of Education, Faculty of Physical Culture, and Faculty of Law.

Y e Faculty of Medicine and Dentistry, in its present form, has been off ering
instruction since 1947. It comprises of about 540 teachers, 1750 undergradu-
ate students and 400 PhD students. In the USA, the Faculty was approved by
the US Department of Education for participation in Federal Student Finan-
cial Aid Programs and is listed in the Directory of Postsecondary Institutions 
published by the US Department of Education. In Canada, it is approved in 
similar manner by the Canadian Ministry of Education and Training and is
listed under the code QUSF. 

VIEW ON MEFANET AND ITS ACTIVITIES 
FROM INSIDE THE FACULTY

prof. miloslav duda, md, dsc
Second Department of Surgery

In the new history of Palacký University, medical education has undergone
remarkable transformation worthy of mention. As a surgeon, I will try to out-
line some of the milestones in this specialty. It has always been a challenge to
satisfy the expectations of students to participate in practical training. I can re-
member the very fi rst a~ empts at introducing audio-visual aids by my teachers.
Professor V. Rapant was the fi rst to make a surgical fi lm in the mid-fi ] ies of the 
20th century. Later on, I was lucky to collaborate with professional fi lm-makers
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to produce educational surgical movies for medical students. Since the 1990s,
we have witnessed breath-taking new opportunities in medical education due
to the emergence of information technologies, the Internet and web applica-
tions. In telemedicine, which has its roots in the 1970s, the digital revolution
brought about further enhancement in healthcare information dissemination
for diagnosis, treatment and education. All aspects of telemedicine share the
same goal, namely to accelerate and improve communication among health-
care professionals and patients through information technologies. Two-way
live transmission of audiovisual data between surgical departments came true,
including videoconferencing and workshops supplemented with online access
to health sciences information databases. All of these tools have been used in
undergraduate, postgraduate and continuing medical education. We adopted
telesurgery as a new education tool in 2002. Students could watch live broad-
casts from operation theatres and a controlled study performed in the period
2002–2006 (n = 143) confi rmed signifi cant increase in the level of student know-
ledge by about 8 %. Telesurgery can be recommended as an effi  cient supple-
ment to standard surgical instruction. Y is experience triggered our interest
in e-learning courseware development funded by diff erent grant projects over
the years 2006–2011. Y e outcomes comprised multimedia versions of the key
chapters covering general and special surgery that are now available as e-text-
books on the education portal MEFANET. Despite the plethora of web-based
medical information resources, it is important to off er students original, peer-

-reviewed multimedia products developed by their teachers to make medical
education more complex. MEFANET has long been a convenient, safe and pop-
ular place for e-publishing of native education materials.

assoc. prof. čestmír číhalík, md, phd
First Department of Internal Medicine

Y e last decade of the 20th century, which witnessed unprecedented expan-
sion of information and communication technologies, brought about vast pos-
sibilities of using digitized clinical data for the development of education ma-
terials. A suitable model example can be digitizing paper electrocardiograms
(ECGs) that belong to fundamental diagnostic procedures in cardiology, but they
are diffi  cult to preserve, categorize and archive for long duration. Modern in-
struction in clinical electrophysiology requires lectures followed by repeated
student analysis and interpretation of multiple ECG records with the same phe-
nomenon. In the late 1990s, clinician-teachers of the First Department of In-
ternal Medicine launched a project to build a database of categorized original
ECG records that currently comprises around 2000 items. Y e archival collec-
tion covers nearly all ECG abnormalities and off ers a search key to easily look
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up a relevant ECG to be used for education purposes. From the very beginning
of its existence, the MEFANET education portal has been hosting ECG train-
ing multimedia modules developed by cardiology teachers to promote inde-
pendent self-study as part of the undergraduate as well as continuing medical
education. Y e ECG Atlas Online published on the MEFANET portal has been
a challenge for the creation and validation of further web-based audiovisual
education materials in clinical electrophysiology.
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ABOUT THE UNIVERSITY/FACULTY

Y e University of Ostrava was founded on 28 September 1991. Its origins can 
be traced back to 1953, when a training college for future primary school teach-
ers was opened. Currently, the University comprises over 350 fi elds of study
at six faculties (Faculty of Social Studies, Faculty of Fine Arts, Faculty of Arts,
Faculty of Medicine, Pedagogical Faculty and Faculty of Science) and two inde-
pendent research institutes (Institute for Research and Applications of Fuzzy
Modelling and European Research Institute for Social Work). Y e Faculty of 
Medicine was established in 2010. Its history is linked to the Medical-Social
Faculty of the University of Ostrava, which was established in 1993. In 2008,
the Medical-Social Faculty was divided into two faculties, the Faculty of So-
cial Studies and the Faculty of Health Studies. Y e la~ er was transformed into
the Faculty of Medicine in 2010. Y e Faculty currently has more than 1700 stu-
dents in 11 bachelor s̓, 6 master s̓ and 2 doctoral degree programmes. Y e Fac-
ulty s̓ teaching and research activities are carried out by 16 departments and
institutes. Studentsʼ medical practice courses are provided at specialized de-
partments of the University Hospital Ostrava. Y e Faculty of Medicine col-
laborates with 29 European universities and 10 institutions outside Europe.

VIEW ON MEFANET AND ITS ACTIVITIES 
FROM INSIDE OF THE FACULTY

assoc. prof. darja jarošová, msc, phd
Vice-Dean for Foreign Aff airs
Head of the Department of Nursing and Midwifery
Editorial Commi� ee Member

Y e Faculty of Medicine has been involved in the MEFANET (MEdical FAc-
ulties NETwork) project since 2009 in two main areas, an education network
of general medicine and an education network of non-medical health care 
studies. Y e Faculty s̓ local MEFANET Coordination Council has 4 members.
Y e process of publishing education materials is supervised by two coordin-
ators, one for medical and one for non-medical specialties. At the same time,
each fi eld of study or specialty has its own coordinator who is in charge of de-
veloping and publishing specifi c education materials. Most frequently, these
include distance learning texts, e-books, e-learning courses and digital videos.

Any education material (including a brief annotation, keywords, an annota-
tion image and review reports) is submi~ ed by the author to the particular
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coordinator. He or she makes a decision (if need be, a] er consultation with
an expert in that fi eld) about the quality of that material and its publication
on the local and/or central MEFANET portal. Each education material is ac-
companied by a table fi lled in by the coordinator and, in case the material has
not been recommended for publication, a brief explanation. Recommended
materials are sent by the coordinator to a contact person of the Faculty s̓  loc-
al MEFANET Coordination Council. As needed, the Coordination Council is 
convened to make a fi nal decision about whether the assessed education ma-
terial is accepted for publication. Education materials not recommended for 
publication on the central MEFANET portal can only be uploaded to the Fa-
culty s̓ local portal.
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 ⁄ Address:
Comenius University in Bratislava
Faculty of Medicine
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813 72  Bratislava
Slovakia

 ⁄ Web-site:
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 ⁄ MEFANET portal instance:
h~ p://portal.fmed.uniba.sk/ 

 ⁄ Representatives in the MEFANET Coordination Council:
▶ Prof. Daniela Ostatníková, MD, PhD
▶ Assoc. Prof. Eliška Kubíková, MD, PhD
▶ Katarína Soroková, MSc
▶ Michal Trnka, PhD
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ABOUT THE UNIVERSITY/FACULTY

Y e history of higher education in Bratislava dates back to the 15th century.
In 1467, King Ma~ hias Corvinus following the order of his era and aiming to
increase the splendour of his empire signed the founding chapter of the fi rst 
University, baptized as Academia Istropolitana. 

Today s̓ university, established in 1919, carries the name of the famous peda-
gogue and philosopher, Jan Amos Comenius (Komensky)—‘the teacher of na-
tions’, which is rooted in this progressive spiritual heritage and the leading
Slovak university. During the last eight decades, thousands of physicians, law-
yers and students of humanities graduated from our University. 

Y e Faculty of Medicine was the founding faculty of the Comenius University 
and the fi rst medical school in Slovakia, contributing considerably to establish-
ing other faculties of medicine in Slovakia later on. Y e Faculty of Medicine,
Comenius University, serves as the anchor for the large academic community 
aiming to provide the best medical education, conduct innovative biomedical
research and provide the best evidence-based patient care. While its tradition 
of excellence remains constant, the Faculty of Medicine and its reputation for
academic achievement continue to grow.

Since 1920, the faculty has graduated more than 23 000 medical doctors. Cur-
rently, there are almost 2800 undergraduate medical students studying medi-
cine and dentistry at our faculty; more than 800 of them are international 
students studying medicine in the English language. Y e Faculty of Medicine 
off ers postgraduate studies and training, which are completed at PhD level,
in full time or part-time study programmes. Y e faculty holds accreditation 
for diverse residency training programmes. It currently includes 71 institutes
and clinics in eight teaching hospitals, employing more than 900 personnel.

VIEW ON MEFANET AND ITS ACTIVITIES 
FROM INSIDE OF FACULTY

prof. daniela ostatníková, md, phd
Vice-Dean for International Relations
Editorial Commi� ee Chief

Y e Faculty of Medicine, Comenius University, Bratislava, joined the inter-
university project MEFANET (MEdical FAculties NETwork) in December 2007.
Since then, the portal has become the offi  cial platform of the faculty for pub-
lishing electronic education works of authorship and multimedia teaching 
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tools, thus supporting both full-time and part-time study in clinical and health
care disciplines.

Students of General Medicine and Dentistry have access to content categor-
ized according to the particular fi eld of medicine, and each form of learning 
material has its own category and approval of the Editorial Commi~ ee. Y e 
most challenging goal for the faculty staff  and the students is to contribute to
the portal with high quality materials—publications, videos, presentations, 
that will contribute to the most convenient and effi  cient learning according 
to the personal schedule of the students.

Each published material includes a brief annotation, keywords and an illus-
tration. To facilitate the process of uploading and publishing materials on the 
MEFANET portal for authors and teachers, the faculty provides professional
support through 3 IT specialists. Y ey prepare manuals and instructional video 
on how to sign in into the portal and how to upload education materials, inclus-
ive of the method of eff ectively using and working with the portal. However,
the main role of the IT support group is to assist the authors and teachers in
creating their contributions from the technical perspective; the IT specialists
willingly resolve each problem in the publishing process.

Students of the faculty are not just passive users of MEFANET contributions. 
Y ey contribute themselves and thus actively infl uence the quality of their edu-
cation process. Y e faculty and its students are in a true partnership, work-
ing and supporting each other s̓ intentions and activities, moving towards the 
common goal—high quality medical education for undergraduate and post-
graduate students who play the most important role in the health care system.



▶D1.10◀

COMENIUS UNIVERSITY IN BRATISLAVA,
JESSENIUS FACULTY OF MEDICINE IN MARTIN

 ⁄ Address: 
Comenius University in Bratislava
Jessenius Faculty of Medicine in Martin
Malá Hora 4A
036 01  Martin
Slovakia

 ⁄ Web-site:
h~ p://www.jfmed.uniba.sk/

 ⁄ MEFANET portal instance:
h~ p://portal.jfmed.uniba.sk/

 ⁄ Representatives in the MEFANET Coordination Council:
▶ Assoc. Prof. Oto Osina, MD, PhD
▶ Miroslav Bórik, MSc
▶ Katarína Korenčiaková, MSc
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ABOUT THE UNIVERSITY/FACULTY

Y e Comenius University in Bratislava (CU), founded in 1919, is the oldest
and largest university in the Slovak Republic. It follows the university tradition
of Academia Istropolitana established in Bratislava in 1465 by the Hungarian
king, Ma~ hias Corvinus. Y e University is named a] er an outstanding per-
sonality of world history—John Amos Comenius, the father of modern educa-
tion. CU is a public university of classic humanitarian type. It has 13 faculties
where about 30 000 students, including more than 1000 students from more
than 40 diff erent countries, are trained. Approximately 20 000 students are
enrolled in full-time study.

Y e Jessenius Faculty of Medicine (JFMED CU) is the only Faculty of CU lo-
cated outside Bratislava in the City of Martin. Y e beginnings of graduate train-
ing of medical students in Martin date as far back as 1962. In 1969, the Faculty
of Medicine with its seat in Martin was offi  cially established as the 8th faculty 
and the Second Faculty of Medicine of Comenius University. In 1991, the Fac-
ulty was renamed to the Jessenius Faculty of Medicine in honour of an out-
standing medieval physician and humanist, Jan Jessenius, the Rector of Charles 
University in Prague, whose ancestors had their roots in Martin. JFMED CU be-
longs to medical faculties with lower number of students. Moreover, the ratio
of students to full-time teaching staff  is low (presently 801/175). With excep-
tion of lectures, all education activities (practical sessions, seminars, tutor-
ials, etc.) are carried out in small study groups—no more than 8 students per
teacher. Y is provides conditions for individual approach to students with the
aim to achieve high standard of their knowledge and skills. Clinical training
of students is carried out at the University Hospital in Martin (UHM). Its clin-
ics are designated as teaching centres for medical students. Y e hospital was 
founded in 1889 and belongs to the oldest hospitals in Slovakia. It has 895 beds,
42 clinical workplaces and departments and annually more than 26 000 pa-
tients are hospitalized there.
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VIEW ON MEFANET AND ITS ACTIVITIES 
FROM INSIDE OF FACULTY

assoc. prof. oto osina, md, phd
Vice-Dean for Educational Activities in Nursing, Non-Medical 
Study Programs and Information technologies
Head of the Clinic of Occupational Medicine and Toxicology

Y e portal of Jessenius Faculty of Medicine (JFMED CU) in Martin enables
presentation of a wide range of didactic tools created by the Faculty s̓ special-
ists so as to support the education process. Y ese encompass simple presenta-
tions, digital videos, education websites, e-learning courses as well as complex
pedagogical works. Pedagogical work is a comprehensive material that relates 
to at least one of subjects taught at JFMED CU. It s̓ possible to recognize elec-
tronic pedagogical works published at Faculty s̓ portal as a standard publica-
tion work within the Faculty. Prior to publication of pedagogical work, it is re-
quired to have the work approved by the Editorial Commission of JFMED CU,
which was established in 2009. All activities on the portal are managed by the
coordination council of MEFANET JFMED CU.

All published materials are available to students of all study programmes—
General Medicine, Stomatology, Dentistry, Nursing, Midwifery and also Public
Health.

Published materials are classifi ed into various medical disciplines. Each
medical discipline is managed by guarantors who review and assess the qual-
ity of education materials prior to their publication.



▶D1.11◀

PAVOL JOZEF ŠAFÁRIK UNIVERSITY IN KOŠICE,
FACULTY OF MEDICINE

 ⁄ Address:
Pavol Jozef Šafárik University in Košice
Faculty of Medicine
Trieda SNP 1
040 11  Košice
Slovakia

 ⁄ Web-site:
h~ p://www.medic.upjs.sk/

 ⁄ MEFANET portal instance:
h~ p://portal.lf.upjs.sk/

 ⁄ Representatives in the MEFANET Coordination Council:
▶ Prof. Viliam Donič, MD, PhD
▶ Jaroslav Majerník, MSc, PhD
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ABOUT THE UNIVERSITY/FACULTY

Y e Pavol Jozef Šafárik University in Košice was founded in 1959 as the second
classical university in Slovakia based on the legacy of the historic UNIVERSITAS
CASSOVIENSIS, having continuously operated in Košice from 1657 until 1921. 
At the time of its establishment, it consisted of the Faculty of Arts and the Fac-
ulty of Medicine, which is 11 years older than the University itself, and had until
then been part of the organizational structure of the Comenius University in 
Bratislava. Currently, the University consists of fi ve faculties, those of Medi-
cine, Natural Sciences, Law, Arts, and Public Administration. Y e University
off ers about 220 study programmes in Bachelor, Master, and doctoral forms.
Teaching of medical students at the Faculty of Medicine began in 1948, and
since then it has educated over 12 thousand of them for their prospective pro-
fession. Y e Faculty of Medicine consists of 60 units—institutes, departments,
scientifi c research and experimental workplaces, and special-purpose facilit-
ies. Its modern high-rise building is located in close proximity to the L. Pasteur 
University Hospital, where students take the bulk of their practical training. Its 
teaching base represents a total of 11 medical institutions that allow students
direct contact with patients and employment of modern treatment methods.

VIEW ON MEFANET AND ITS ACTIVITIES 
FROM INSIDE OF FACULTY

prof. viliam donič, md, phd
Vice-Dean for Research Activities
Head of the Department of Medical Physiology
Editing Commi� ee Chair

As vice dean for science and research at the Faculty of Medicine in Košice,
Slovakia, I found MEFANET a very interesting platform for networking between 
motivated teachers of medicine across the medical faculties in the Czech and
Slovak republics.

As important and common pints of interest I see in electronic publishing 
(e -pub), in the exchange of PowerPoint lectures and in cooperation with the
examination process, including creating and sheering databases with high qual-
ity questions from diff erent topics (as for instance Pathophysiology, Physiology,
etc.). Such collaboration brings benefi t to teachers as well as to our students.
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prof. darina kluchová, md, phd
Vice-Dean for Education
Head of the Department of Anatomy

I have a notably positive relation to using the faculty portal. I give lectures
in Human Anatomy and at the beginning, it was a pre~ y hard to convince me
as well as my colleagues to use it. At that time, we all felt that sharing our lec-
tures ‘without any consequence’ will be the mere forwarding of our know-
how. Finally, as the head of Department, I put myself forward as the fi rst one
to try the portal and published one of my lectures. I was very surprised by the
positive reactions of my students, which made me add more presentations on 
regular basis. I fi nd that the students fi nally understood the diff erence between 
relevant and irrelevant facts, and I am also fi nally able to request what is im-
portant from them. Even bigger surprise for me was the fact that providing the
presentation in advance helped students to understand the requested material
during my lectures and that it was not true that their interest in a~ ending the 
lectures waned a] er this facility, as previously feared. On the contrary, they
were more interested in the details and assimilation was be~ er.

Last but not the least, sharing our presentations using the faculty portal has 
brought satisfaction in the sense of the possibility to prepare objective ques-
tions for examination, as no one of the students was able to say that he/she had
no opportunity to study the requested material. Furthermore, the students also 
appreciated the fairness of this approach. Consequently, other teachers began 
to follow suit and uploaded their presentations on the portal as well. Nowadays, 
we cannot imagine education without this convenience, nor our students who 
require and benefi t from it. I believe that the be~ er results of their education 
can be a~ ributed to the possibilities off ered by the portal.

prof. mária mareková, msc, phd
Head of the Department of Medical and Clinical Biochemistry

MEFANET has made the information environment very convenient for
medical students at our faculty for several years running and together with 
WiKiSkripta, it has become one of the most searched source of information by 
the students of the medical faculties in the Czech Republic and Slovakia. Y e
portal of Faculty of Medicine at the Pavol Jozef Šafárik University in Košice has 
become an inseparable part of this information environment, availed by the
teachers of the Department of Medical and Clinical Biochemistry to present
lectures, and e-versions of books and textbooks. Students are now accustomed
to this form of information source and appreciate, fi rst of all, the topicality of 
available tutorials for practical lessons and, last but not the least, also the fact 
that the tutorials need not to be laboriously wri~ en but the results and obser-
vations are noted in prepared printed version.
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daniela džuganová, phd
Head of the University Library

Y e portal of the Pavol Jozef Šafárik University s̓ Faculty of Medicine for 
multimedia support in the education of clinical and health care disciplines is 
used by the University Library in editorial work to search and register elec-
tronic publications prepared by the authors of the Faculty of Medicine. My col-
leagues are authorized to use it and this makes the process easier and faster. 
However, some of the older publications are not available that may be a pity
for students and this system as well.



D2
Besides all medical faculties in the Czech Republic and Slovakia, MEFANET

involves also the faculties of health care sciences focused on non-medical
healthcare professions. Increasing the MEFANET-related activities of educa-
tors from these faculties resulted in the creation of an independent Coordinat-
ing Council for health care sciences under the MEFANET umbrella in 2012. Y e
representatives from the faculties of health care sciences as well as from those
at the faculties of medicine, who are responsible for study programmes related 
to non-medical health care professions, work in tandem with the  MEFANET
Coordinating Council on extensions to the medical disciplines linker and multi-
dimensional quality assessment (see chapter c1). Y e faculties of health care 
sciences (see their list and profi les) do not have to operate their own in stances
of the MEFANET portal—their non-medical education content is published on 
portal instances of the allied medical faculties.

d2.1 palacký university olomouc, faculty of health sciences
d2.2 prešov university, faculty of health care professions
d2.3 university of south bohemia in české budějovice,

faculty of health and social studies
d2.4 czech technical university in prague,

faculty of biomedical engineering

FACULTIES
OF HEALTH CARE
SCIENCES





▶D2.1◀

PALACKÝ UNIVERSITY OLOMOUC, 
FACULTY OF HEALTH SCIENCES

 ⁄ Address:
Palacký University Olomouc
Faculty of Health Sciences
tř. Svobody 8
771 11  Olomouc
Czech Republic

 ⁄ Web-site:
h~ p://www.fzv.upol.cz/en/

 ⁄ Representatives in the MEFANET Coordination Council:
▶ Zdeňka Mikšová, MSc, PhD
▶ Petra Bastlová, MSc, PhD
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ABOUT THE UNIVERSITY/FACULTY

Y e Faculty of Health Sciences is the eighth and the newest faculty at the
Palacký University in Olomouc. It was established in 2008 and focuses on
the education of healthcare professionals whose specifi cations comply with
Act No. 96/2004, Coll. Y e Faculty of Health Sciences was separated from the
Palacký University Faculty of Medicine and Dentistry, which was providing
healthcare programmes until then. Y e idea for an independent faculty came
from the diff erences in the profi les and competencies of the graduates and 
from the diff erent research areas of the study programmes. 

Y e Faculty off ers eight specialties in the study programmes Physiotherapy,
Nursing, Midwifery and Radiology, and a doctoral Nursing programme. Y e
main focus in scientifi c research is on evidence-based practice in healthcare,
multidisciplinary teams in healthcare, life-style limits resulting from chron-
ic disease, reproductive health, international classifi cation in nursing care 
and midwifery, rehabilitation, physiotherapy and kinesiotherapy, non-med-
ical healthcare profession management, and health and social care systems for
the elderly. Y e faculty participates in the organization of conferences and the
academic staff  is o] en invited to lecture at domestic as well as international 
conferences; the faculty also organizes specialized education workshops for
interested professionals. Y e faculty supports the scientifi c research of their 
own students. Each year students from all departments present and defend 
their work at the faculty s̓ SVOČ conference (Student Scientifi c and Profes-
sional Activity).



▶D2.2◀

PREŠOV UNIVERSITY, 
FACULTY OF HEALTH CARE PROFESSIONS

 ⁄ Address:
Prešov University
Faculty of Health Care Professions
Partizánska 1
080 01  Prešov
Slovakia

 ⁄ Web-site:
h~ p://www.unipo.sk/

 ⁄ Representatives in the MEFANET Coordination
Council for health care sciences:
▶ Assoc. Prof. Štefánia Andraščíková, MSc, PhD
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ABOUT THE UNIVERSITY/FACULTY

Y e Faculty of Health was established on 1 September 2002. Y e founding
project was based on the National Plan of Nursing Development, which is part 
of the continual transformation process of planning in the Slovak Republic and 
of the Slovak Government Announcement. Y e Faculty of Health Care Profes-
sions off ers education in nursing, midwifery, physiotherapy, dental hygiene,
laboratory diagnostic and therapeutic methods, and paramedics in 3-year
full-time and 4 year part-time study programmes. Y e Faculty of Health Care
Professions has the right to award the academic degree of ‘Bachelor’. Y ere
are two study programmes at the Master s̓ level—nursing and physiotherapy,
and also the possibility to study at PhD level—in Nursing. Y e contents of the
study programmes comply with the European Commission Directives applic-
able to regulated and partly regulated professions. Y e mission of the faculty
is education and development of harmonic and creative personalities. Y e fac-
ulty staff  leads students to tolerance, health confi dence and respect, devel-
opment of science, culture and health. All types of study are a~ ended by ap-
proximately 980 students.



▶D2.3◀

UNIVERSITY OF SOUTH BOHEMIA IN ČESKÉ BUDĚJOVICE,
FACULTY OF HEALTH AND SOCIAL STUDIES

 ⁄ Address:
University of South Bohemia in České Budějovice
Faculty of Health and Social Studies
Jírovcova 24
370 04  České Budějovice
Czech Republic

 ⁄ Web-site:
h~ p://www.zsf.jcu.cz/en/

 ⁄ Representatives in the MEFANET Coordination
Council for health care sciences:
▶ Prof. Valérie Tóthová, MSc, PhD
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ABOUT THE UNIVERSITY/FACULTY

Y e University of South Bohemia in České Budějovice is a public university
with more than 13 thousand students. It was established in 1991 and has eight
faculties now; the oldest of them is the Faculty of Education with a history
dating back to 1948. Y e University of South Bohemia presents itself as a re-
search university with particular focus on natural and social sciences and hu-
manities. Close cooperation with institutes of the Academy of Sciences of the
Czech Republic constitutes a signifi cant part of the scientifi c and research activ-
ity. Y e Faculty of Health and Social Studies with more than 2000 students is
the second largest faculty of the University of South Bohemia. It holds a sig-
nifi cant position within the Czech Republic, particularly due to the fact that
as one of few universities of this country, it interconnects closely health and
social issues. It has been existing as an independent faculty since 1991, off er-
ing interconnection of health and social topics to off er the graduates extensive
opportunities of fi nding employment in practice. It off ers thirteen Bachelor s̓
and four subsequent Master s̓ branches of study, as well as two Doctoral pro-
grammes, and it has also the right of habilitation and professorial proceedings.
Y e Bachelor s̓ branch of nursing can be studied in English. Y e programme of 
‘joint degree’ type and the subsequent Master s̓ branch of nursing care in geri-
atrics has been accredited recently.



▶D2.4◀

CZECH TECHNICAL UNIVERSITY IN PRAGUE, 
FACULTY OF BIOMEDICAL ENGINEERING

 ⁄ Address:
Czech Technical University in Prague
Faculty of Biomedical Engineering
Nám. Sítná 3105
272 01  Kladno
Czech Republic

 ⁄ Web-site:
h~ p://www.Î mi.cvut.cz/

 ⁄ Representatives in the MEFANET Coordination
Council for health care sciences:
▶ Dagmar Brechlerová, PhD
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ABOUT THE UNIVERSITY/FACULTY

Y e Czech Technical University in Prague (CTU) is one of the largest and
the oldest technical universities in Europe. It was founded on the initiative of 
Josef Christian Willenberg on the basis of a decree issued on 18 January 1707,
by Emperor Josef I.

CTU educates modern specialists, scientists and managers with knowledge of 
foreign languages to dynamically and fl exibly adapt to the requirements of the
market. CTU off ers a very broad and a~ ractive range of study programmes. For 
the 2014/2015 academic year, students can choose from 110 study programmes
within the framework of which 441 study specializations are off ered. Currently, 
CTU has eight faculties (civil, mechanical, electrical, nuclear and physical en-
gineering, architecture, transportation, biomedical engineering, and informa-
tion technology) and a capacity for over 23 000 students.

Y e Faculty of Biomedical Engineering (FBME), Kladno, is the second young-
est faculty of the Czech Technical University in Prague being, at the same
time, the only public institute of higher education in the Central Bohemian
Region. It was founded in 2005 and its allocation to Kladno proved highly be-
nefi cial from the very beginning. FBME, in its short period of existence, has
created eleven research teams responsible for a large proportion of the sci-
entifi c-research activities of the faculty. All research teams work on projects
where the common denominator is biomedical engineering, impacting many
areas of our daily lives.
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