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Abstract
Background: Medical Faculties Network (MEFANET) has established itself as the authority for setting standards for medical
educators in the Czech Republic and Slovakia, 2 independent countries with similar languages that once comprised a federation
and that still 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.
Objective: We present the education portal AKUTNE.CZ as an important part of the MEFANET’s content. Our focus is primarily
on simulation-based tools for teaching and learning acute medicine issues.
Methods: Three fundamental elements of the MEFANET e-publishing system are described: (1) medical disciplines linker, (2)
authentication/authorization framework, and (3) multidimensional quality assessment. A new set of tools for technology-enhanced
learning have been introduced recently: Sandbox (works in progress), WikiLectures (collaborative content authoring),
Moodle-MEFANET (central learning management system), and Serious Games (virtual casuistics and interactive algorithms).
The latest development in MEFANET is designed for indexing metadata about simulation-based learning objects, also known as
electronic virtual patients or virtual clinical cases. The simulations assume the form of interactive algorithms for teaching and
learning acute medicine. An anonymous questionnaire of 10 items was used to explore students’ attitudes and interests in using
the interactive algorithms as part of their medical or health care studies. Data collection was conducted over 10 days in February
2013.
Results: In total, 25 interactive algorithms in the Czech and English languages have been developed and published on the
AKUTNE.CZ education portal to allow the users to test and improve their knowledge and skills in the field of acute medicine.
In the feedback survey, 62 participants completed the online questionnaire (13.5%) from the total 460 addressed. Positive attitudes
toward the interactive algorithms outnumbered negative trends.
Conclusions: The peer-reviewed algorithms were used for conducting problem-based learning sessions in general medicine
(first aid, anesthesiology and pain management, emergency medicine) and in nursing (emergency medicine for midwives, obstetric
analgesia, and anesthesia for midwifes). The feedback from the survey suggests that the students found the interactive algorithms
as effective learning tools, facilitating enhanced knowledge in the field of acute medicine. The interactive algorithms, as a software
platform, are open to academic use worldwide. The existing algorithms, in the form of simulation-based learning objects, can be
incorporated into any educational website (subject to the approval of the authors).
(J Med Internet Res 2013;15(7):e135) doi: 10.2196/jmir.2590
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Introduction
Medical education is constantly evolving by gradually, but
significantly, shifting from traditional methods (eg, textbooks,
lectures, bedside teaching) to a more comprehensive approach
that also employs modern information and communication
technology (ICT) tools (eg, e-learning, interactive algorithms,
computer simulations, virtual patients). Such approaches have
been demonstrated to enhance and improve the learning skills
of medical students and residents in comparison to traditional
methods [1-3]. Several ancillary factors in medicine and medical
education have also contributed significantly to these trends; in
particular, the rapid development of new technologies and the
generally preferred shorter hospital stays, which reduces the
student’s exposure to a given case or diagnosis. The economic
efficiencies of Web-based education and traditional face-to-face
education approaches were compared under randomized
controlled trial conditions in Maloney et al [4] and it was shown
that the Web-based education approach was clearly more
efficient 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 access for the students
to all diagnoses, simulation of a variety of real-life situations,
comprehensive interdisciplinary learning, and a higher level of
comfort for hospitalized patients. Simulation-based learning
also provides the unique opportunity of practicing knowledge
application in a manner that mimics real-time patient care
without posing a risk to the patient [5,6]. On the other hand,
developing simulations and e-learning materials requires
investment of the time of skilled professionals (eg, physicians,
teachers, programmers); therefore, it is necessary to ensure that
the time and resources expended is justified by the educational
impact [7]. Furthermore, the developed tools are often accepted
uncritically and with emphasis on technological sophistication
at the expense of the underlying psychopedagogical theories
[1].
Improved efficiency in the development of digital teaching and
learning materials, as well as their higher quality, can be
achieved by sharing the educational content and by initiating
collaborative multi-institutional authoring teams together with
joint efforts in establishing the methods for quality evaluation.
The management of multisource content among academic
institutions brings the necessity of correct indexing,
metadescription, and proper categorization [8], as well as
reimbursement [9-11] for the created resources. The idea of the
medical faculties in the Czech Republic and Slovakia sharing
their educational digital contents surfaced in 2006 for the first
time. Soon after, in 2007, all 7 Czech medical faculties as well
as all 3 Slovak medical faculties formally joined the new
network. In 2012, representatives of the Czech and Slovak health
care institutions joined the Medical Faculties Network
(MEFANET) education network. The MEFANET project [12]
aims to develop cooperation among the medical faculties to
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further the education of medical and health care disciplines
using modern ICT via a common platform for sharing digital
education content, as well as for assessing their quality through
a multidimensional approach [13].
Most of the digital teaching described in recent literature has
been prepared as Web-based works because Web technologies
allow for easy incorporation of multimedia objects, interactive
algorithms, animated simulations, etc. The work may then be
easily accessed from any computer and by a defined target
audience (eg, students of a particular medical school or course).
The developed tools and simulations cover a wide range of
medical disciplines, such as critical care [14,15], cardiology
[3], hematology [1], neurology [16], surgery [17], metabolic
disorders, imaging methods [18,19], and cytogenetics [20].
Acute medicine is a dynamic environment with high demands
on team communication and leadership, requiring correct clinical
reasoning and quick decision making under time pressure.
Simulation offers a good and interesting platform for training
multidisciplinary medical teams, facilitating interaction among
the team members and enabling the team to function in an
effective and coordinated manner [6]. Internet education
resources for intensive care medicine have recently been
reviewed by Kleinpell et al [14], who demonstrated that most
of them are electronic forms of textbooks and articles rather
than interactive algorithms and dynamic simulations. Davids
et al [7] described an interactive 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.
In this paper, we present the education portal AKUTNE.CZ
[21] as an important part of the MEFANET’s contents. It aims
to be a comprehensive source of information and education
materials covering all aspects of acute medicine for
undergraduate and postgraduate students of the medical and
health professions. We focus here primarily on the
simulation-based tools for teaching and learning algorithms for
acute patient care that form the backbone of AKUTNE.CZ. The
simulations take the form of interactive algorithms and represent
the basis for a new extension of MEFANET’s activities
incorporating focus on serious games.

Methods
Overview
MEFANET [12] has established itself as the standard-setting
body for medical educators in the Czech Republic and Slovakia,
2 independent countries that once comprised a federation, have
similar languages, and still 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 educational Web portals that are used, together with
a central gateway, to offer and share digital education content.
J Med Internet Res 2013 | vol. 15 | iss. 7 | e135 | p. 2
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Students—approximately 16,500 potential users and academic
staff and approximately 3900 potential users from all Czech
and Slovak medical faculties—can find their e-learning materials
at 11 standalone faculties’ instances of an educational portal
with the use of the indexing and searching engine, MEFANET
Central Gateway [22].

MEFANET e-Publishing System
The idea of a shared e-publishing system is based on a set of
standalone Web portals rather than on a centralized application
hosted for all medical schools, which might be an inflexible
and more vulnerable alternative solution. Each portal instance
represents an independent publication media with its own
International Standard Serial Number (ISSN) code and an
editorial board. Local metadata describing the digital educational
contents are replicated regularly to the central gateway (see
metadata harvesting in Figure 1). There are 3 fundamental
elements that have to be rigidly maintained on the part of local
administrators: (1) the medical disciplines linker, (2) the
authentication/authorization
framework,
and
(3)
multidimensional quality assessment. The other features,
properties, and functionalities can be adapted or localized to
meet the needs of the particular institution. A detailed
description of the 3 fundamental elements is as follows. See
[13] for full and comprehensive information.
The medical disciplines linker represents the main taxonomy
of contributions within the frame of the network. With its
single-level list of 56 medical specializations, it forms the only
obligatory structure of a portal instance. Any change to its
content is subject to approval of the MEFANET Coordinating
Committee.
The authors of the shared teaching materials can choose from
the following user groups to permit or deny access to their
materials: (1) nonregistered anonymous users, (2) registered
anonymous users who accept the terms of use within their
registration, (3) users of the MEFANET network, that is, a
student or teacher from any Czech or Slovak medical school
(MEFAPERSON), (4) users from a local university whose
affiliation to that university has been verified at the portal via
the local information system of that university, (5) users to
whom attachments are made available only after the author’s
explicit consent. Services of the Czech academic identity
federation, eduID.cz [23], are used to check the affiliations of
the users of the portal instances. This federation uses the
Shibboleth technology, which is one of the several authentication
frameworks allowing the sharing of Web resources among
institutions using the Security Assertion Markup Language
(SAML) protocol standard. The portal instances behave like
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service providers in this federation, whereas the information
systems of the involved schools act as identity providers.
There are 4 dimensions of critical importance when evaluating
the quality of electronic teaching materials: (1) expert review,
(2) education level of target users, (3) classification by type,
and (4) self-study score. The review includes binary questions
as well as open questions. The structure of the review form can
be localized by modifying an extensible markup language
(XML) template file. The 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 and the
reviewers. The next dimension is represented by a
multiple-choice classification according to the types of
attachments—the enumerated scale includes static files for
Web-based learning and interactive e-learning courses
encapsulated in the learning management systems. The last
dimension—a self-study score—indicates what users think about
the usability of a particular contribution in their self-studies.
The values of the first 3 dimensions of the 4D assessment are
composed by authors, guarantors, and reviewers. Their activities
and the workflow of a contribution are explained in Figure 2.
In addition to the 4D quality assessment, all contributions
submitted to the central gateway undergo an additional editorial
process called mentally active monitoring. It focuses on the
following issues: (1) metadata is filled in properly, (2)
granularity of the attachments is suitable, and (3) all attached
documents and the links are accessible for at least
MEFAPERSON users. The monitoring of these 3 important
issues is done not only at the syntax level, but also semantically;
therefore, it is carried out by a team of editors in cooperation
with the editors responsible for the local Web portals.
Recently, new tools for technology-enhanced learning have
been introduced to the MEFANET network in addition to the
common e-publishing portal platform. These new tools
complement the portal platform suitably because they provide
a higher level of interactivity for students during their self-study
process. Figure 1 shows how the new 4 tools—Sandbox [24],
WikiLectures [25], Moodle-MEFANET [26], and Serious
Games [27]—are related to the already established and
standardized MEFANET Central Gateway.
The Serious Games extension 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. The first comprehensive
set of such interactive learning objects is composed by
algorithms for acute patient care published at the AKUTNE.CZ
educational portal [21] together with other digital education
materials covering a wide range of acute medicine topics.
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Figure 1. MEFANET involves all medical schools in the Czech Republic and Slovakia. They share one another’s digital teaching and learning materials
by using an e-publishing system that consists of 11 educational Web portals and a central gateway. The 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
the same procedures of multidimensional quality assessment.
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Figure 2. The contribution workflow scheme: (1) the author and technical editor finishes the contribution, (2) the guarantor, who is associated with a
particular medical discipline, is notified about a new contribution to his/her field of interest, (3) the guarantor, either alone or with the help of the faculty’s
editorial committee, invites 2 reviewers to present their reviews online with the use of template-generated forms.

Interactive Algorithms for Teaching and Learning
Acute Medicine
Each physician dealing with acute patients needs algorithmic
thinking and correct clinical reasoning. Our interactive
algorithms take the form of content-rich virtual cases because
they link together process flowcharts and multimedia. Creating
such algorithms or electronic virtual patients is laborious,
time-consuming, and often accompanied by ambiguities and
hesitations. Following the principles of student-centered
learning, our authoring teams consisted of medical students in
the final years of their studies, supervised by an experienced
clinician. The complete workflow of the authoring process is
outlined in Figure 3.
It takes 10 to 50 hours of active work to produce 1 interactive
algorithm. The time of the team members is spent on
collaborative work, meetings, and on self-studying.
Student–authors consult their problems and reservations with
a supervisor assigned to them and the resulting product is then
submitted to an external reviewer, usually an experienced
clinician or an academic staff from another workplace. After
the incorporation of all reviewers’ comments, the algorithm is
completed by metadata to be published on the AKUTNE.CZ
educational portal. Finally, sets of algorithms are compiled
together with their metadata into a contribution to be published
and indexed on the MEFANET Central Gateway. These
contributions with a wider scope than individual algorithms are
subjected to the multidimensional quality assessment described
previously. Finished and published algorithms are used by other
students either as outlines for problem-based learning (PBL)
sessions or as supplementary materials for training and adopting
correct clinical reasoning.
http://www.jmir.org/2013/7/e135/
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The interactive algorithms are authored with the use of a
Web-based (PHP/MySQL) BackOffice application that provides
the student–authors the following functionalities through its
online forms and drag and drop control: (1) node-based scenario
design, (2) description of the situation in each node, including
the intervals of parameter values of physical examinations,
intervals of laboratory values, and multimedia, (3) description
of the correct answers as well as distractors with the option to
repeat or end in a fatality, and (4) data export for each finished
algorithm into an XML document. The XML documents are
then rendered into a Flash object resembling a serious game. A
student–player uses the game or this simulation-based learning
object by moving between the nodes, which may be of different
types, as shown in the sample algorithm in Figure 4. Each move
causes a shift in the timeline as a side effect of the
student–player’s action, lending authenticity to the scenario and
creating a stress effect, which is pronounced in real-life
situations when dealing with acute patients. Continuous change
of various numerical parameters reflecting the development of
patient’s clinical status and vital functions in time (eg, blood
pressure, pulse, oxygen saturation) is also available (see the
example of a node of a selected algorithm in Figure 5).

Students’ Feedback on the Interactive Algorithms
We asked students about their attitudes and interest in using the
interactive algorithms as part of their medical or health care
studies. The purpose was to ascertain how the students perceived
our efforts on authoring and implementing simulation-based
learning tools that are so demanding to create. An anonymous
questionnaire of 10 items (see Table 1 for complete overview
of questions and answer options) was created and presented via
SurveyMonkey [28], a free online survey software. Data
J Med Internet Res 2013 | vol. 15 | iss. 7 | e135 | p. 5
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collection lasted for 10 days in February 2013. The students
who enrolled at 1 of the educational workshops or a conference
organized by the group around the AKUTNE.CZ portal were
asked to complete the survey. The first 4 questions were aimed
at obtaining basic data about the respondents, so that the ones
who did not study any field of medicine or health care could be

Schwarz et al
filtered out as well as the ones who did know about our
interactive algorithms at all. Further questions were answered
with a 5-point Likert scale and 1 binary question was aimed at
seeking feedback on the use of our interactive algorithms in the
studies of acute medicine topics.

Figure 3. The authoring workflow of an interactive algorithm from choosing the topic through a review process to deployment to teaching in the form
of a moderated problem-based learning session.
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Figure 4. Various types of nodes and options/answers that may be used for authoring an interactive algorithm.

Figure 5. An explained screenshot for 1 node of an algorithm for training clinical reasoning skills in acute coronary syndrome.
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Table 1. Questionnaire for collecting the students’ feedback on the interactive algorithms.
#

Question

Answer options

1

State your gender.

Male or female

2

What is your field of study?

General medicine
Dentistry
Health care specializations (MSc)
Health care specializations (BSc)
Midwifery (BSc)
Postgraduate doctoral program. another (specify, please)

3

What is your attitude toward the interactive algorithms AKUTNE.CZ?

I do not know what they are
I know what they are, but I have never used them
I tried to solve at least 1 interactive algorithm
I am an author or a coauthor of at least 1 interactive algorithm

4

Have you ever used for your studies a serious game (simulation of real
situations for teaching and learning) or-any other interactive algorithm
AKUTNE.CZ?

I have not used any at all, not even any interactive algorithm

No. I have used only the interactive algorithms
Yes. I have used also...(specify which):
5

The interactive algorithms AKUTNE.CZ are an effective tool for my
learning.

6

The use of the interactive algorithms AKUTNE.CZ improved my knowl- 5-point Likert scale from strongly disagree to strongly agree
edge in the field of acute medicine.

7

The use of the interactive algorithms AKUTNE.CZ represents for me a
better way to study than static textbooks.

8

I like playing the interactive algorithms AKUTNE.CZ not only at home, 5-point Likert scale from strongly disagree to strongly agree
but also at school under the supervision of teachers, together with consulting possible answers as well as with discussion on all issues related to the
topic.

9

Multimedia accompanying the decision nodes together with the time
5-point Likert scale from strongly disagree to strongly agree
stressor evokes an authentic atmosphere of clinical reasoning and decision
making.

10

Would you recommend the interactive algorithms AKUTNE.CZ to your
friends?

Results
Over 5 years, almost 25 interactive algorithms in the Czech and
English languages have been developed and published on the
AKUTNE.CZ educational portal to allow the users to test and
improve their knowledge and skills in the field of acute
medicine. Another 5 algorithms will be finished during 2013.
They cover a wide range of acute medicine topics in the
following 5 packages:

Basic Life Support and Advanced Life Support
Algorithms cover many basic life support (BLS) and advanced
life support (ALS) procedures described in the current European
Resuscitation Council guidelines. We developed a BLS for
adults algorithm, ALS for bradycardia, BLS for choking
children, and a foreign-body airway obstruction in adults
algorithm.
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5-point Likert scale from strongly disagree to strongly agree

5-point Likert scale from strongly disagree to strongly agree

Yes or no

Emergency Medicine
Emergency medicine is a very specific type of care in
exceptional conditions. We tried to create an ambience of a real
car accident in the interactive algorithm. Further topics of
emergency medicine are algorithms for water rescue, severe
hypothermia in the mountains in winter, out-of-hospital
craniocerebral injury, and syncope.

Critical Care Medicine
Critical care medicine (CCM) is the flagship of medicine in
general. It is no coincidence that the most demanding and
complex algorithms are from this field. The surviving sepsis
algorithm is based on the surviving sepsis guidelines of the
Society of Critical Care Medicine (SCCM). The acute coronary
syndrome algorithm provides a complete decision tree for a
patient with acute myocardial stroke. The algorithm for diabetes
mellitus deals with sudden loss of consciousness in a diabetic
patient.

J Med Internet Res 2013 | vol. 15 | iss. 7 | e135 | p. 8
(page number not for citation purposes)

JOURNAL OF MEDICAL INTERNET RESEARCH

Anesthesiology
These algorithms cover both interesting acute and propaedeutic
situations during anesthesia. We developed an algorithm
describing the correct approach to the parturient with postdural
puncture headache after epidural labor analgesia. Another acute
situation is described in the algorithm for toxic reaction to
anesthetic agents. Propaedeutic skills are represented by
algorithms introducing the insertion of central venous catheter
or the choosing of venous entry routes.

Pain Management
Providing good analgesia for acute and chronic pain is a global
issue. We cover these issues with an acute postoperative pain
algorithm and by algorithms with correct approach to analgesia
in a general practitioner’s and a dentist’s surgery/clinic.
User’s attendance to the interactive algorithms was analyzed
with the use of Google Analytics in context of the whole website
AKUTNE.CZ within a 1-month period (January 15 to February
14, 2013). In this period, 3342 unique users visited the website
(5452 visits in total, 176 visits per day, SD 53.1). All interactive
algorithms together had 816 unique users. Of 816 users, 297
(36.4%) accessed the algorithms from Brno and were, therefore,
identified as students of the Faculty of Medicine in Brno. Other
large groups of visitors were from Prague (99/816, 12.1%) and
Bratislava (26/816, 3.2%), both major cities with established
medical education facilities. On the other hand, 259 accesses
(31.7%) were from places where no faculty of medicine exists.
Although we are aware of the limited information value of such
analysis (eg, not all visits from Brno are performed at school,
or a visitor from a small village could be a student from the
Brno faculty of medicine), these results document that the
interactive algorithms have been used within the whole
MEFANET network and a significant proportion of students
use them in places outside of the school (ie, in their homes and
during leisure time). The most frequently played algorithms
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were the diabetes mellitus (94/816 unique users, 11.5%),
hypothermia (89 unique users, 10.9%), and surviving sepsis (52
unique users, 6.4%).
In the feedback survey, 62 participants (13.5%) completed the
online questionnaire out of the overall 460 asked to participate.
Of all respondents, 66.1% were women and 33.9% were men.
After filtering out the participants who were not students of any
medical or health care program, and those who did not know
about the availability of the interactive algorithms AKUTNE.CZ,
the resulting responses from 54 participants were analyzed (see
Figure 6). The participants were asked whether the interactive
algorithms served as an effective tool for their learning. Four
responses were negative or very negative (7.4%), 3 responses
were neutral (5.6%), and 47 responses were positive or very
positive (87.0%). The participants were further asked whether
the interactive algorithms improved their knowledge of acute
medicine. Six responses were negative or very negative (11.2%),
4 responses were neutral (7.4%), and 44 responses were positive
or very positive (81.4%). In all, 40 participants agreed or
strongly agreed (74.0%) that the interactive algorithms
represented for them a better study method in comparison to
static textbooks, whereas 6 participants disagreed or strongly
disagreed (11.2%), and a further 8 respondents neither agreed
nor disagreed (14.8%). The participants’ attitude toward
interactive algorithms as a tool for face-to-face teaching and
learning was positive or very positive in 46 responses (85.2%),
negative or very negative in 3 responses (5.6%), and neutral in
5 responses (9.2%). Most participants agreed or strongly agreed
(47/54, 87.0%) that multimedia and the time-stress factor
provided an authentic atmosphere for pertinent clinical
reasoning, whereas 4 participants disagreed or strongly disagreed
(7.4%) with this fact and 3 were unsure (5.6%). All participants
(100%) stated that the interactive algorithms were worth
recommending to their friends.
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Figure 6. Attitudes and interests of students about using the interactive algorithms as part of their medical or health care studies.

Discussion
Principal Findings
High-quality digital education content production has become
a matter 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 during
the past 6 years. Four new extensions, which complement the
e-publishing portal platform standardized in MEFANET, are
usable independently; however, their complex application in
conjunction with the portal platform as a tool for final
e-publishing will allow more effective repurposing of the
http://www.jmir.org/2013/7/e135/
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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 to encourage
the publication of materials for the teaching of clinical reasoning
based on the concept of interactive algorithms or virtual patients.
Such simulation-based learning objects are aimed to help the
student in developing the much-needed confidence to manage
acute conditions, to react accurately, and to avoid distraction
by secondary issues.
The unique advantage of interactive algorithms AKUTNE.CZ
is the possibility to create complex and branching scenarios.
Nevertheless, real-life medical emergencies offer little or no
extra options; in many cases, there is only 1 correct course of
action. Unfortunately, this feature has not been adopted on a
J Med Internet Res 2013 | vol. 15 | iss. 7 | e135 | p. 10
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wide scale. The reason could be the characteristics of real-time
acute medicine situations that are often linear with no space for
branching. On our part, we have complied as much as possible
with the guidelines of medical societies. Any deviation from
the approved procedures may lead to deteriorating outcomes in
real clinical situations. This is the reason why we prefer creating
simplified and linear algorithms. An algorithm that approaches
realistic simulation (nonlinear or open format) could be more
attractive for the students, but we believe that to happen at the
expense of didacticism. We also prefer topics that are endorsed
and processed by the guidelines or recommendations of the
European medical societies (ie, European Resuscitation Council,
SCCM, European Society of Regional Anaesthesia and Pain
Therapy) and/or national medical societies (ie, Czech Society
of Anaesthesiology and Intensive Care Medicine, Czech Society
of Intensive Care Medicine, Czech Society of Hematology,
Czech Society of Cardiology, Czech Gynecological and
Obstetrical Society, and Czech Pain Society). The linear
scenarios help to maintain a didactic focus of the interactive
algorithms. This mechanistic approach may, however, be
detrimental to the students’ understanding of the underlying
physiological processes. In order to overcome this limitation,
we prefer to use the interactive algorithms for teaching in the
form of moderated PBL sessions. Inspired by several works in
the field of advanced physiological simulators with a
mathematical background [29-31], we will focus our future
developments toward a technology mashup, which would allow
to incorporate time-dependent, complex physiological simulation
of multiple variables and their response to perturbations into
the multimedia part of the interactive algorithms.
We cover a wide range of acute medicine topics through the
AKUTNE.CZ algorithms. Of course, there is room for additional
themes, for example, the widely publicized case of methanol
poisoning in 2012 in the Czech Republic, which led to fatalities.
Other topics under consideration include selected amyotrophic
lateral sclerosis scenarios and out-of-hospital medical
emergencies. Interactive algorithms are also used during
obstetric anesthesia and analgesia lessons for the
midwives—severe peripartal bleeding, amniotic fluid embolism,
and out-of-hospital delivery algorithms. The primary aim is to
achieve a situation whereby each acute medicine teaching unit
has at least 1 interactive algorithm for PBL.
Although the algorithms were tailored to the teaching and
learning of acute medicine issues, it is possible to use them for
education in other medical and health care disciplines as well.
The selection of the parameters from physical examination
results and laboratory tests can be changed easily and, thus,
adopting the tool for use elsewhere. In comparison with other
examples of simulation-based learning objects, such as virtual
patients [32], we have a different approach to handling the
selected physical examination results and laboratory findings.
We follow real-world scenarios and provide the possibility to
record these parameters as they are recorded during management
of real acute patients too. Each measurement is linked to an
increase of the time-stress factor. Thus, students not only learn
about dynamics of these characteristics, but also about the
unpleasant price in terms of time spent for unnecessary
measurements.
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A major problem with any medical issue is topicality.
AKUTNE.CZ algorithms overcome such problems by ensuring
regular updates through the combined efforts of medical students
and the authors, in addition to holding regular meetings on
time-scheduled updated topics. The algorithms truly reflect on
the current medical recommendations and guidelines of the
medical societies.
In general, our survey points to a fairly strong preference for
the AKUTNE.CZ interactive algorithms by the students as part
of their medical or health care studies, although it is notable
that the participants were only just aware of the interactive
algorithms—a small proportion (9%) reported using other
serious games or simulation-based learning objects for their
studies. Nevertheless, positive attitudes toward the interactive
algorithms outnumbered negative responses. Confirming our
expectations, one of the strongest positive answers concerned
the participants’ desire to use the interactive algorithms not only
for their self-studies during leisure time, but also in face-to-face
teaching and learning. Based on our several preliminary attempts
at implementing the PBL principles into our teaching, we are
fully confident about PBL-like sessions conducted on the
node-based scenarios of selected interactive algorithms as the
appropriate way to fulfill that wish. The medical and health care
institutions in the Czech Republic and Slovakia involved in
MEFANET are currently, however, in the very preliminary
phases of implementing PBL into their curriculum. Hopefully,
the use of interactive algorithms in the process of PBL
implementation shall pave the way toward increased
attractiveness of our teaching, as well as deeper interest on the
part of the students not only in acute medicine issues.

Limitations
A limitation of the study is that we did not collect data to
observe effects of the use of algorithms on expected
improvements of participants’ knowledge or on their reactions
in real situations. We can only guess about the positive impacts
of the interactive algorithms from the fact that most of the
student–authors did not have any difficulties launching their
professional careers in acute medicine. Another improvement
indicator can be inferred from the repeated successes of
student–authors and student–players in international
competitions of medical rescue teams.

Conclusions
The methodological aspects of our interactive algorithms for
incorporation in the learning and teaching of acute medicine
were presented. These interactive algorithms comprise the main
part of the educational content of the AKUTNE.CZ portal and
recently became the basis for a new extension for MEFANET,
the education network of all medical faculties in the Czech
Republic and Slovakia.
There are 25 algorithms in the Czech/Slovak and English
languages, published online and covering a wide range of topics
in acute medicine. The peer-reviewed algorithms were used for
conducting PBL-like sessions in general medicine (first aid,
anesthesiology and pain management, emergency medicine) as
well as in nursing (emergency medicine for midwives, obstetric
analgesia and anesthesia for midwives).
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We investigated the students’ perception of our interactive
algorithms as an adjuvant to their medical and health care
studies, especially in relation to clinical reasoning. The feedback
from the survey among the AKUTNE.CZ users suggests that
the students identify the interactive algorithms as an effective
learning tool, serving to enhance their knowledge in the field
of acute medicine. In addition, they expressed their keen desire
to apply them not only in their leisure time, but also during

Schwarz et al
face-to-face contact with their teachers at school or during
clinical practice in the university hospital.
The AKUTNE.CZ interactive algorithms, as a software platform,
are open to academic use worldwide. The already created and
peer-reviewed algorithms, as simulation-based learning objects,
can be included easily into any education website (subject to
approval of the authors).

Acknowledgments
The grant project MEFANET clinical reasoning reg no: CZ.1.07/2.2.00/28.0038 is supported by the European Social Fund and
the state budget of the Czech Republic.

Conflicts of Interest
Daniel Schwarz is the principal investigator of the MEFANET clinical reasoning grant project, which funded development of
the MEFANET e-publishing system as well as the interactive algorithms for teaching and learning acute medicine. The grant
project also paid Daniel Schwarz, Petr Štourač, Martin Komenda, and Hana Harazim a small portion of their salaries at Masaryk
University.

References
1.

2.
3.

4.

5.

6.

7.

8.
9.

10.
11.
12.
13.

14.

Holzinger A, Kickmeier-Rust MD, Wassertheurer S, Hessinger M. Learning performance with interactive simulations in
medical education: Lessons learned from results of learning complex physiological models with the HAEMOdynamics
SIMulator. Computers & Education 2009 Feb;52(2):292-301 [FREE Full text] [doi: 10.1016/j.compedu.2008.08.008]
Wong RW, Lochnan HA. A web-based simulation of a longitudinal clinic used in a 4-week ambulatory rotation: a cohort
study. BMC Med Educ 2009;9:8 [FREE Full text] [doi: 10.1186/1472-6920-9-8] [Medline: 19187554]
Subramanian A, Timberlake M, Mittakanti H, Lara M, Brandt ML. Novel educational approach for medical students:
improved retention rates using interactive medical software compared with traditional lecture-based format. J Surg Educ
2012;69(4):449-452. [doi: 10.1016/j.jsurg.2012.05.013] [Medline: 22677580]
Maloney S, Haas R, Keating JL, Molloy E, Jolly B, Sims J, et al. Breakeven, cost benefit, cost effectiveness, and willingness
to pay for web-based versus face-to-face education delivery for health professionals. J Med Internet Res 2012;14(2):e47
[FREE Full text] [doi: 10.2196/jmir.2040] [Medline: 22469659]
Brett-Fleegler MB, Vinci RJ, Weiner DL, Harris SK, Shih MC, Kleinman ME. A simulator-based tool that assesses pediatric
resident resuscitation competency. Pediatrics 2008 Mar;121(3):e597-e603 [FREE Full text] [doi: 10.1542/peds.2005-1259]
[Medline: 18283069]
Pothiawala S, Lateef F. Hong Kong Journal of Emergency Medicine. 2012 Jan. Simulation training in emergency medicine
(STEM): an integral component of residency curriculum URL: http://www.hkcem.com/html/publications/Journal/
2012-1%20Jan/p41-45.pdf [accessed 2013-02-27] [WebCite Cache ID 6Ek9Md4ig]
Davids MR, Chikte UM, Halperin ML. Development and evaluation of a multimedia e-learning resource for electrolyte
and acid-base disorders. Adv Physiol Educ 2011 Sep;35(3):295-306 [FREE Full text] [doi: 10.1152/advan.00127.2010]
[Medline: 21908840]
Beux PL, Fieschi M. Virtual biomedical universities and e-learning. Int J Med Inform 2007;76(5-6):331-335. [doi:
10.1016/S1386-5056(07)00060-3] [Medline: 17407747]
Bamidis P, Kaldoudi E, Pattichis C. mEducator: A best practice network for repurposing and sharing medical educational
multi-type content. In: Camarinha-Matos L, Paraskakis P, Afsarmanesh H, editors. Leveraging Knowledge for Innovation
in Collaborative Networks. Berlin Heidelberg: Springer; 2009:769-776.
Kaldoudi E, Dovrolis N, Konstantinidis S, Bamidis P. Social networking for learning object repurposing in medical education.
The Journal on Information Technology in Healthcare 2009;7(4):233-243 [FREE Full text]
Kaldoudi E, Dovrolis N, Konstantinidis ST, Bamidis PD. Depicting educational content repurposing context and inheritance.
IEEE Trans Inf Technol Biomed 2011 Jan;15(1):164-170. [doi: 10.1109/TITB.2010.2092442] [Medline: 21134819]
Schwarz D, Dušek L. The MEFANET Project. URL: http://www.mefanet.cz/index-en.php [accessed 2013-02-27] [WebCite
Cache ID 6EkA1pn4M]
Komenda M, Schwarz D, Feberová J, Stípek S, Mihál V, Dušek L. Medical faculties educational network: multidimensional
quality assessment. Comput Methods Programs Biomed 2012 Dec;108(3):900-909. [doi: 10.1016/j.cmpb.2012.05.002]
[Medline: 22640818]
Kleinpell R, Ely EW, Williams G, Liolios A, Ward N, Tisherman SA. Web-based resources for critical care education. Crit
Care Med 2011 Mar;39(3):541-553. [doi: 10.1097/CCM.0b013e318206b5b5] [Medline: 21169819]

http://www.jmir.org/2013/7/e135/

XSL• FO
RenderX

J Med Internet Res 2013 | vol. 15 | iss. 7 | e135 | p. 12
(page number not for citation purposes)

JOURNAL OF MEDICAL INTERNET RESEARCH
15.

16.

17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.

30.

31.

32.

Schwarz et al

Creutzfeldt J, Hedman L, Heinrichs L, Youngblood P, Felländer-Tsai L. Cardiopulmonary resuscitation training in high
school using avatars in virtual worlds: an international feasibility study. J Med Internet Res 2013;15(1):e9 [FREE Full text]
[doi: 10.2196/jmir.1715] [Medline: 23318253]
Nathoo AN, Goldhoff P, Quattrochi JJ. Evaluation of an Interactive Case-based Online Network (ICON) in a problem
based learning environment. Adv Health Sci Educ Theory Pract 2005 Aug;10(3):215-230. [doi: 10.1007/s10459-005-7851-3]
[Medline: 16193402]
Servais EL, Lamorte WW, Agarwal S, Moschetti W, Mallipattu SK, Moulton SL. Teaching surgical decision-making: an
interactive, web-based approach. J Surg Res 2006 Jul;134(1):102-106. [doi: 10.1016/j.jss.2005.11.583] [Medline: 16488433]
Roubidoux MA, Chapman CM, Piontek ME. Development and evaluation of an interactive Web-based breast imaging
game for medical students. Acad Radiol 2002 Oct;9(10):1169-1178. [Medline: 12385511]
Dikshit A, Wu D, Wu C, Zhao W. An online interactive simulation system for medical imaging education. Comput Med
Imaging Graph 2005 Sep;29(6):395-404. [doi: 10.1016/j.compmedimag.2005.02.001] [Medline: 15996851]
Holzinger A, Emberger W, Wassertheurer S, Neal L. Design, development and evaluation of online interactive simulation
software for learning human genetics. Elektrotech. Inftech 2008 May;125(5):190-196. [doi: 10.1007/s00502-008-0537-9]
Štourač P, Křikava I, Štoudek R, Harazim H, Smékalová O, Kosinová M. AKUTNE.CZ educational portal. URL: http:/
/www.akutne.cz/index-en.php [accessed 2013-02-27] [WebCite Cache ID 6EkA9tNl4]
MEFANET Central Gateway. URL: http://portal.mefanet.cz/index-en.php [accessed 2013-02-27] [WebCite Cache ID
6EkAEOHoF]
Czech academic identity federation eduID.cz. URL: http://www.eduid.cz/wiki/en/eduid/index [accessed 2013-02-27]
[WebCite Cache ID 6EkAIeBd5]
MEFANET SANDBOX. URL: http://sandbox.mefanet.cz/index-en.php [accessed 2013-02-27] [WebCite Cache ID
6EkAM8VLQ]
WikiLectures. URL: http://www.wikilectures.eu/index.php/Main_Page [accessed 2013-02-27] [WebCite Cache ID
6EkAPMgtf]
Moodle-MEFANET e-learning courses. URL: https://moodle.mefanet.cz/ [accessed 2013-02-27] [WebCite Cache ID
6EkATjZqo]
MEFANET GAMES. URL: http://games.mefanet.cz/index-en.php [accessed 2013-02-27] [WebCite Cache ID 6EkAfPUZp]
SurveyMonkey. URL: http://www.surveymonkey.com/ [accessed 2013-02-27] [WebCite Cache ID 6EkAiwxIh]
Kofranek J, Matousek S, Rusz J, Stodulka P, Privitzer P, Matejak M, et al. The Atlas of Physiology and Pathophysiology:
Web-based multimedia enabled interactive simulations. Comput Methods Programs Biomed 2011 Nov;104(2):143-153.
[doi: 10.1016/j.cmpb.2010.12.007] [Medline: 21232813]
Thomas SR, Baconnier P, Fontecave J, Françoise JP, Guillaud F, Hannaert P, et al. SAPHIR: a physiome core model of
body fluid homeostasis and blood pressure regulation. Philos Trans A Math Phys Eng Sci 2008 Sep 13;366(1878):3175-3197.
[doi: 10.1098/rsta.2008.0079] [Medline: 18565814]
Iliescu R, Lohmeier TE. Lowering of blood pressure during chronic suppression of central sympathetic outflow: insight
from computer simulations. Clin Exp Pharmacol Physiol 2010 Feb;37(2):e24-e33. [doi: 10.1111/j.1440-1681.2009.05291.x]
[Medline: 19769610]
Cook DA, Triola MM. Virtual patients: a critical literature review and proposed next steps. Med Educ 2009
Apr;43(4):303-311. [doi: 10.1111/j.1365-2923.2008.03286.x] [Medline: 19335571]

Abbreviations
ALS: advanced life support
BLS: basic life support
CCM: critical care medicine
ICT: information and communication technology
ISSN: International Standard Serial Number
MEFANET: Medical Faculties Network
PBL: problem-based learning
SAML: Security Assertion Markup Language
SCCM: Society of Critical Care Medicine
XML: extensible markup language

http://www.jmir.org/2013/7/e135/

XSL• FO
RenderX

J Med Internet Res 2013 | vol. 15 | iss. 7 | e135 | p. 13
(page number not for citation purposes)

JOURNAL OF MEDICAL INTERNET RESEARCH

Schwarz et al

Edited by P Bamidis, D Giordano, C Pattichis, N Zary; submitted 01.03.13; peer-reviewed by L Woodham, R Iliescu, J Majernik, I
Provaznik; comments to author 19.03.13; accepted 05.04.13; published 08.07.13
Please cite as:
Schwarz D, Štourač P, Komenda M, Harazim H, Kosinová M, Gregor J, Hůlek R, Smékalová O, Křikava I, Štoudek R, Dušek L
Interactive Algorithms for Teaching and Learning Acute Medicine in the Network of Medical Faculties MEFANET
J Med Internet Res 2013;15(7):e135
URL: http://www.jmir.org/2013/7/e135/
doi: 10.2196/jmir.2590
PMID: 23835586

©Daniel Schwarz, Petr Štourač, Martin Komenda, Hana Harazim, Martina Kosinová, Jakub Gregor, Richard Hůlek, Olga
Smékalová, Ivo Křikava, Roman Štoudek, Ladislav Dušek. Originally published in the Journal of Medical Internet Research
(http://www.jmir.org), 08.07.2013. This is an open-access article distributed under the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/2.0/), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work, first published in the Journal of Medical Internet Research, is properly cited. The complete
bibliographic information, a link to the original publication on http://www.jmir.org/, as well as this copyright and license information
must be included.

http://www.jmir.org/2013/7/e135/

XSL• FO
RenderX

J Med Internet Res 2013 | vol. 15 | iss. 7 | e135 | p. 14
(page number not for citation purposes)

