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EDITOR’S PREFACE

It is with great pleasure that we present the 2nd 2017 issue of the MEFANET Journal (MJ). MJ is dedicated to 
provide readers around the world with high quality peer-reviewed articles on a wide variety of topics related 
to applications of computer science and technology-enhanced learning in medical education. Its mission is to 
become the premier vehicle for disseminating information about MEdical FAculties NETwork (www.mefanet.
cz), which covers all Czech and Slovak medical faculties as well as schools or faculties of health care sciences.

This second issue encompasses three original articles and an editorial report. The first original paper by Kris-
tinikova et al. demonstrates students' ability to perform Evidence Based Practice and to ask PICOT formatted re-
search questions. The authors work with undergraduates studying in a rehabilitation study program and con-
clude that the students are able to determine which of the uncovered evidence is of the highest significance in 
particular patient cases. Obročníková et al. focus on the continuous training of nurses and midwives in the light 
of the global, epidemiological and social problems related to malignant breast tumors and the patients’ quality 
of life. The third original research paper by Klempir et al. describes an interactive web-based application for 
processing and analysis of data in neuroscience. The authors exemplify the feasibility of performing explora-
tive data analysis on-line, with the use of NeuroEDA web-based application developed on the grounds of Shiny 
framework. This framework has been created around the popular R studio and has been recently and repeat-
edly proven to be a very useful tool for reactive programming. The editorial report by Komenda et al. recalls the 
10th anniversary of the MEFANET conference. This event celebrated the jubilee of creating the network, start-
ing the conference series and initiating plethora of professional links. Blazkova et al. report on the launch of the 
SIMU project, which aims at revision of the curriculum of the General Medicine and Dentistry study programs 
at Masaryk University. The curriculum amendments will impact mostly the practical parts of teaching, which 
will employ a comprehensive range of medical simulation modalities, such as patient simulators, mannequins, 
standardized patients and virtual patients, in order to facilitate development of the 21st century skills, such as 
critical thinking, decision-making, clinical reasoning, crisis communication and teamwork.

I am sure that the readers will benefit from the information in the presented papers and it is my hope that 
this issue will stimulate further discussion and additional research. I would like to extend my sincere appreci-
ation to the editorial members and reviewers, without whom this issue would not be possible. I would like to 
see the whole fifth volume of MJ as another valuable resource for the MEFANET community and a stimulus for 
further research into the area of medical education science. Readers are encouraged to submit both comments 
on these articles and their own relevant manuscripts.

September 2017

Daniel Schwarz
Editor-in-chief
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ORIGINAL ARTICLE

EVIDENCE-BASED PRACTICE IN THE FIELD  
OF REHABILITATION

Jarmila Kristiníková1*, Hana Sochorová2, Markéta Poštulková1
1 Department of Rehabilitation, University of Ostrava, Ostrava, Czech Republic
2 Department of Biomedical Sciences, University of Ostrava, Ostrava, Czech Republic
* Corresponding author: jarmila.kristinikova@osu.cz

AbstrAct — Background: At universities, the EBP course occurs within the 
master's degree or doctorate studies. To be able to make the right decision based 
on finding relevant evidence is one of basic skills of a university educated graduate 
of medical fields.

Objectives: The aim of this study was to determine the degree of awareness of 
physiotherapy and occupational therapy students about the principles of Evidence 
Based Practice (EBP), to inquire into their ability to use electronic information re-
sources for searching strategies, and apply the results in practice.

Methods: Students in this study were tested by means of a questionnaire survey 
at the beginning and at the end of the training course Evidence Based Practice for 
rehabilitation disciplines.

Results: The results show that after completing EBP course, students were able 
to define the term, to search in electronic information resources, and to apply the 
results to practical tasks more efficiently.

Conclusions: In this pilot study, significant differences in the results have been 
found between the answers to the questions in the input and output surveys. The 
results confirm our hypothesis about the benefits of the EBP course, even in un-
dergraduate studies. The students can apply acquired knowledge and skills in sub-
sequent studies.

INTRODUCTION
Evidence-based practice (EBP) is an interdiscipli-

nary approach which appeared for the very first time 
in medicine as Evidence-Based Medicine and subse-
quently was transferred to other fields, e.g. psychol-
ogy, nursing, education etc. First EBM principles oc-
curred in clinical practice in the beginning of the 20th 
century in surgery. Later on more extensive studies 
were published, e.g. in the treatment of tuberculo-
sis. However, the first one who applied statistic evalu-
ation of therapeutic results, the French physician 
Charles-Alexandre Louis, proved blood-letting inef-
fective. The term EBM itself was probably used for the 
first time in the 1990s by MacMasters University em-
ployees as "systemic approach to the analysis of pub-
lished research papers as the basis for clinical deci-
sion-making" [1].

Since 1995, the concept of evidence based practice 
has developed also in other health care branches, e.g. 
in nursing (Evidence Based Nursing), midwifery (Ev-
idence Based Midwifery), in physiotherapy (Evidence 
Based Physiotherapy), occupational therapy (Evidence 
Based Occupational Therapy), in public health (Evi-
dence Based Public Health), but also outside health 
service, e.g. in librarianship (Evidence Based Librar-
ianship) and in law (Evidence Based Law). The World 
Confederation for Physical Therapy (European region) 
defined EBP as "a commitment to use the best avail-
able evidence to inform decision-making about the 
care of individuals that involves integrating physio-
therapist practitioners and individual professional 
judgement with evidence gained through systematic 
research" [2].

The principle of EBP application is making deci-
sions about further procedure for patients based  
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on research, where efficiency of procedures is com-
pared and the best possible solution is searched out for 
the given case. EBP makes problem solution in clini-
cal practice possible and ensures an effective approach 
to clinical decision making based on searching for the 
best and latest evidence, clinical experience, patients’ 
evaluation and value preference connected with health 
care [3].

Evidence based practice is one of those approaches 
that enable future health care providers to manage 
an explosion of new technologies, findings, litera-
ture, and it will consequently lead to improvement of 
patient’s results. Courses aimed at EBP in study pro-
grammes in rehabilitation field can be found at uni-
versities of medicine or health studies, either sepa-
rately, or the EBP principles are implemented in other 
education courses, most frequently in research meth-
odology. EBP has provided a great development espe-
cially in nursing [4,5].

In the field of rehabilitation, Evidence Based Prac-
tice (EBP) is a very frequently discussed term in prac-
tice. There are no uniform estimations of using EBP 
principles and both supporters and eager opponents 
of this approach can be found. Obviously, the clinical 
practice itself is not the most important argument to 
decide on the application of a specific therapeutic pro-
cedure for physical treatment. Economic, personal and 
technical aspects must be considered, too. Integrating 
EBP into the education is the most frequently used in 
nursing. Also, most studies dealing with the evalu-
ation of the benefits of EBP by nurses. For students of 
physiotherapy, EBP principles are not applied in teach-
ing standards. Physiotherapy students mostly learn 
basics of Evidence Based Practice during their Master 
study. This is a major reason why they are hardly able 
to apply the EBP fundamentals in practical therapy 
after graduation.

A piece of work from 2009 examined the aware-
ness of EBP at Czech occupational therapy facilities 
by means of a question form [6]. Very low awareness 
about EBP among occupational therapists was con-
cluded, although it was included in undergraduate 
university education in nursing simultaneously [6].

EVIDENCE-BASED PRACTICE 
IN STUDY PLANS OF 
REHABILITATION BRANCHES 
AT THE FACULTY OF 
MEDICINE, UNIVERSITY  
OF OSTRAVA

As mentioned above, nursing has the longest trad-
ition of involving EBP in curricula where also the 

methods of project teaching are being used. Project 
education is based on theory and practice interconnec-
tion and improves the student’s creativity. Using a pro-
ject in teaching of the course Evidence based practice 
shows to be an effective way of how to acquire knowl-
edge and use it to solve problems relevant to clinical 
practice [7].

Within a project focused on teaching innovation in 
paramedical study branches, a new course Evidence 
Based Practice in Rehabilitation Branches was cre-
ated which was integrated into study plans of the 
branches physiotherapy and occupational therapy. 
To support the teaching, a resource text was elabo-
rated and e-learning course within LMS Moodle was 
created [8–10].

Pilot courses

The course was involved in teaching for the very first 
time in the study programme Specialization in health 
service in the branches physiotherapy and occupa-
tional therapy in summer semester of the academic 
year 2011/2012. The course was offered to students of 
physiotherapy and occupational therapy within one 
common course because of a very useful cooperation 
of these professions in comprehensive patient’s ther-
apy in practice. There was also the intention to develop 
common topics for problem solution within multidis-
ciplinary approach.

The teaching was led in a combined form with 
e-learning support and emphasis on the work itself. 
Students got a theoretical part that explained EBP his-
tory and principals, methods of how to formulate the 
clinical question (PICOT: P – stands for patient pop-
ulation, I – represent issue of concern or interven-
tion, C – stands of comparison intervention, O – sig-
nifies outcome, T – stands for time duration) and how 
to evaluate the results found. The EBP application in 
the classes referred to searching in electronic infor-
mation sources available at the university. In collab-
oration with a university librarian, the most suitable 
electronic databases for rehabilitation branches were 
searched out. Students were acquainted with princi-
ples of searching according to key words in Czech as 
well as in English languages and they practised search-
ing for solution of real tasks in electronic databases. In 
the e-learning course, students elaborated five assign-
ments. The tasks concerned both to work with elec-
tronic databases and search strategy but also to form 
clinical questions. As a course conclusion, each stu-
dent compiled a case study related to a particular di-
agnosis in which he/she chose a treatment strategy re-
lated to the sought arguments [10].

Within practical skills, a portion of searching in 
electronic databases, available at the University of 
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Ostrava, was involved in the course. A university li-
brarian, who participates in teaching, seeks out the 
up-to-date information databases especially suitable 
for physiotherapists and occupational therapists so 
that the students can search for and work with pro-
fessionally directed pieces of information.

Implementation in standard teaching

In academic year 2014/2015, the course was imple-
mented in the bachelor study of physiotherapy as ob-
ligatory-optional or optional course in the summer 
semester of the second year of study. From this time 
onwards, the course has been taught five times, and 68 
students have completed the course.

The teaching is implemented, as mentioned above, 
with an e-learning support in LMS Moodle. The illus-
tration of the setting is shown in Figure 1.

Within the course, students compiled particular 
case studies in the form of correspondent tasks. Stu-
dents picked up from 10 offered case studies – case 
studies concerning patient with autism, with apallic 
syndrome, cerebral palsy, urinary incontinence, mul-
tiple sclerosis, the issue of doing sports during preg-
nancy, falls in senior facilities, well-timed diagnosis of 
defective posture, amputations and signs of demen-
tia are being solved. Figure 2 presents selected issues 
solved by EBP methods.

METHODS
In the pilot course in academic year 2011/2012, an 

interview took place in the first lesson where the stu-
dents explained why they had enrolled the EBP course, 

and what their expectations were. Most students did 
not know what the term Evidence Based Practice 
means, they had no expectations and they enrolled the 
course due to its attractive credit rating. At the course 
end, an interview with students proceeded again. It 
aimed to evaluate the course, specify particular ben-
efits for individual students and analyse deficiencies. 
It was observed that students missed basic orientation 
in research frequently. In searching in electronic in-
formation resources, students were successful under 
direct teacher’s guidance only.

In academic years 2013/2014 and 2014/2015 stu-
dents were offered to take part in initial and final 
course evaluation. The survey was conducted via a 
questionnaire. The questionnaire included both closed 
and open questions aimed to find out how students 
understand the concept of Evidence Based Practice, 
whether they can explain it. We also wanted to find 
out if they know the electronic information resources 
and focus on the search strategies (Figure 3). Students' 
answers were evaluated in percentages. The question-
naire was applied twice as entrance and exit survey 
and the results were compared.

RESULTS
Twenty-six students in two academic years partic-

ipated in the study, all have filled in the input survey 
while the final one was completed by 20 students.

Only 7 students out of the total 26 involved in the in-
itial survey knew the term EBP in advance, the other 
heard it for the very first time. Out of 7 students, who 
had heard the term before, only three answered that 
they knew what the results acquired by means of EBP 
could be used for and just one student out of these 
three characterized EBP correctly. There was a dif-
ferent situation after the end of the course. 20 stu-
dents took part in the final survey and all of them an-
swered positively the question whether they are able 
to define meaning of the term EBP. In addition, each 
answer contained proper example of EBP result prac-
tical application.

The orientation in electronic university databases 
was another part of teaching. In the initial survey, 15 
students out of 26 stated they had already used any 
database. This low number shows that students were 
not used to search for needed pieces of information by 
means of EIS very much. Most of them (17 students) 
mentioned the Internet without any detailed specifica-
tion as the most common source of information. Then, 
during oral questioning, they mentioned only general 
search engines as Google or Seznam.cz and the like. 
It took them too much time to find the needed infor-
mation due to the lack of any searching strategy, and 
they did not know about existing special databases 

Figure 1. Setting of the e-learning course 
EBP in rehabilitation fields. In topic 5, 

students learn how to formulate the PICOT 
question in the right way so that the question 

expresses important aspects of search
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Figure 2. Illustration of solving a case study 
of a patient with urinary incontinence. The 
student had to answer the question how to 

motivate the patient to exercise the pelvic floor 
muscles regularly in order to avoid surgery

Figure 3. Initial questionnaire in 
the beginning of teaching

  Kristiníková et al.
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Figure 4. Illustration of outputs 
of the initial questionnaire

Figure 5. Reasons for not using VPs

Evidence-based practice in the field of rehabilitation
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for physical therapy or occupational therapy, either. 
Professional books or journals were given as the most 
frequent source of information. In the final survey, all 
20 respondents replied they started using university 
EIS to a larger extent to search information for study. 
EBSCO, MEDLINE and Google Scholar (100%) were 
found most beneficial. Although the students got fa-
miliar with university EIS, searching strategy, defining 
the key words and their English equivalents seemed to 
be their permanent problems. These troubles were es-
pecially obvious when they should have worked with-
out tutor's assistance.

DISCUSSION
Although this was just a pilot survey with a small 

number of participants, the results are interesting 
and inspiring. The introduction of EBP in physiother-
apy and occupational therapy curricula at the under-
graduate level is not quite standard, this is rather the 
domain of nursing. The research of the effectiveness 
of acquired knowledge and skills after the completion 
of such a course of study can be found mostly in nurs-
ing, too. Our results related to the understanding and 
definition of EBP and its contents correspond to the re-
sults of Martinez et al. [12], performed in university 
nursing students. Increased skills in using EBP tools 
after 15 weeks of education were discovered, which 
is almost identical to our time allocation of 14 weeks.

Nevertheless, it should be noted that at least some 
students of the bachelor study fields physiotherapy 
and occupational therapy knew the term but they 
cannot explain it correctly. The above mentioned re-
sults imply that students have learned both EBP prin-
ciples and the application of EBP outputs in practice.

Other studies [15], however, describe the EBP prin-
ciples to be difficult to understand and worse to apply 
in clinical practice, and the students are looking for a 
way how to keep the skills acquired at university in 
their working environment.

Olsen et al. [16] point to the fact that physiotherapy 
students who had EBP courses in their curricula, were 
able to form and ask questions and critically evaluate 
research results.

At the beginning of our research, students in the 
survey reported that they used mainly books, text-
books or journals to gather the necessary informa-
tion. Few among them featured electronic sources as 
a source of information. If even used, general-pur-
pose Internet resources such as Google or Seznam 
were used, despite the negligible scientific value of 
their information.

The study [17] reported similar results, and also 
pointed to the fact that students rather proceed from 
such resources, if adequate training and skills in work 
with electronic information sources were not provided 
to them. As a further option to gain professional ex-
perience for deciding on appropriate therapy, the re-
spondents reported their personal experience and 
advice of senior colleagues.

Our students positively valued the fact that they 
were able to make a basic search related to their bach-
elor thesis. Eight students mentioned the EBP course 
helped them to choose or elaborate the topic of the 
bachelor thesis.

CONCLUSION
Our view to the accuracy of involvement of a course 

dealing with the solution of clinical questions based on 
the EBP principles in curricula even at the undergrad-
uate level was also supported by the systematic review 
of MOTA DA SILVA et al. [13], in which the need to in-
crease theoretical information and practical skills to 
enhance EBP skills of physiotherapists in deciding on 
therapy for the patient was demonstrated. As men-
tioned above, nursing disciplines have a long history in 
teaching the EBP principles, thereby the competence 
of nurses to apply this scientifically based knowledge 
into practice is increased [14].

When the efficiency of our course is evaluated, we 
can say the students positively value the use of infor-
mation presented in the course for their further stud-
ies, and mainly for future practice. They learned how 
to specify a problem and find possible solutions with 
the aid of EIS. This was shown especially during as-
signments and mainly during elaborating a particu-
lar case history. Students were able to form the PICOT 
question and find possible therapy for a particular 
case. Considering they were also acquainted with es-
sentials of research methodology, they were able to 
determine which of the found pieces of evidence was 
of highest significance, and they learned at least the 
principles of critical evidence analysis in this way [11].

  Kristiníková et al.



53

Mefanet J 2017; 5(2): 47–53

REFERENCES

[1] Jarošová D, Zeleníková R. Ošetřovatelství založené na důkazech. Grada Publishing: Prague 2014. ISBN 
978-802-4753-454.

[2] Veras M, Kairy D, Paquet N. What Is Evidence-Based Physiotherapy? Physiother Can 2016; 68(2): 95-98.
[3] Evidence-based practice. Wikipedia: the free encyclopedia [Online]. Available at WWW: <https://en.wikipedia.org/

wiki/Evidence-based_practice>
[4] Jarošová D. Ošetřovatelství založené na důkazech jako součást výuky. In: Bužgová R, Sikorová L. (eds). Nursing 

diagnostics and evidence based nursing. University of Ostrava: Ostrava 2008: 26-30.
[5] Mihál V, Potomková J., Strojil J. Doporučení pro zavádění principů EBM do výuky na vysokých školách. LF UP: 

Olomouc. CZ.04.1.03/3.2.15.2. 2011.
[6] Drobílková D. Evidence-based practice – využití v ergoterapii [Online]. Prague 2009. Available at WWW: <https://

is.cuni.cz/webapps/zzp/download/130055677/?lang=cs>
[7] Zeleníková R, Jarošová D. Projektová výuka praxe založené na důkazech. In: Implementace praxe založené na 

důkazech do výuky. University of Ostrava: Ostrava 2012: 65-74. ISBN 978-80-7368-967-4.
[8] Sochorová H. Inovace profesních zdravotnických programů na OU. University of Ostrava: Ostrava 2013. ISBN 

978-80-7464-365-1.
[9] Kristiníková J. EBP v rehabilitačních oborech – první zkušenosti s výukou. In: Jarošová D, Plevová I, Vrublová 

Y (eds). Implementace praxe založené na důkazech do výuky. University of Ostrava: Ostrava 2012: 63-64. ISBN 
978-80-7368-967-4.

[10] Kristiníková J. Evidence Based Practice v rehabilitačních oborech. University of Ostrava: Ostrava 2011. ISBN 
978-80-7464-094-0.

[11] Greenhalgh T. Jak pracovat s vědeckou publikací. Základy medicíny založené na důkazu. Grada Publishing: Prague 
2003. ISBN 80-247-0310-6

[12] Ruzafa-Martínez M, López-Iborra L, Armero-Barranco D, Ramos-Morcillo AJ. Effectiveness of an evidence-based 
practice (EBP) course on the EBP competence of undergraduate nursing students: A quasi-experimental study. Nurse 
Educ Today 2016; 38: 82-87.

[13] Mota da Silva T, Da Cunha Menezes Costa L, Garcia AN, Costa LOP. Systematic review: What do physical therapists 
think about evidence-based practice? A systematic review. Man Ther 2015; 20(3): 388-401.

[14] Mehrdad N, Joolaee S, Joulaee A, Bahrani N. Nursing faculties' knowledge and attitude on evidence-based practice. Iran 
J Nurs Midwifery Res 2012; 17(7): 506-511.

[15] Brooke J, Hvalič-Touzery S, Skela-Savič B. Student nurse perceptions on evidence-based practice and research. Nurse 
Educ Today 2015; 35(7): e6-e11.

[16] Olsen NR, Lygren H, Espehaug B, Nortvedt MW, Bradley P, Bjordal JM. Evidence-based Practice Exposure and 
Physiotherapy Students' Behaviour during Clinical Placements: A Survey. Physiother Res Int 2014; 19(4): 238-247.

[17] Hess DA, Frantz J. Self-assessment of final-year undergraduate physiotherapy students' literature-searching 
behaviour, self-perceived knowledge of their own critical appraisal skills and evidence-based practice beliefs. African 
Journal of Health Professions Education 2016; 8(2): 174-177.

Evidence-based practice in the field of rehabilitation



54

Mefanet J 2017; 5(2): 54–61

QUALITY OF LIFE IN WOMEN WITH  
BREAST CANCER

Andrea Obročníková1*, Anna Hudáková1, Miloslava Jaselská2
1 Department of Nursing, Faculty of Health Care, University of Prešov in Prešov, Prešov, Slovakia
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AbstrAct — Objective: The aim of this cross-sectional study was to investi-
gate the quality of life (QoL) in women with breast cancer, who are members of 
support groups – civil society. 
The second objective was to evaluate the possibility of supporting the education 
of nursing students at the undergraduate or postgraduate level in order to pro-
vide effective support to women with breast cancer and to identify the areas that 
need to be addressed in education.

Methods: For purposes of assessing QoL of women with breast cancer, the stand-
ardized instrument WHOQOL-BREF was used. The sample was composed of 90 
women with malignant breast disease. Results of study were compared to a pop-
ulation norm. Empirical data collection was performed in a period from January 
to March 2014.

Results: Results of the statistical analysis pointed to the lowest quality of life 
in all aspects of the physical dimensions (physical health) in comparison with the 
population norm. The worst were evaluated in items of dependence on medical 
care (2.30), pain and discomfort (2.90) in the domain of "psychological health," 
the item was negative feelings (2.74). In contrast to the above results, the highest 
quality of life in women have been reported in the domain of "social relations" and 
"environment" that were almost identical, in certain items QoL was better with 
the values   of a population norm. Women evaluated QoL worse after radical mas-
tectomy and without life partner (single, divorced, widows).

Conclusions: Breast cancer is a serious disease that reduces the quality of life, 
particularly in physical domain and in the emotional area. Oncological disease 
is becoming a disease for a lifetime. It connected with the constant fear of cancer 
recurrence and the consequences of treatment. Attention should be paid to each 
patient and for better compensation of the disease and maintenance the quality 
of life, also to support the development of psychosocial intervention in all forms.

INTRODUCTION
Breast carcinoma is the most frequently malignant 

tumour among women. Malignant tumour of breast 
became global, epidemiological and social problem 
which is affecting women in medium age category. 
For last twenty years, a large number of breast can-
cers has been increasing by more than 30% in women 
aging between 25 and 40 years, whereas in the past, 
the disease was occurring mostly in women aging 
about 60 years. Positive aspect is that in the event the 
cancer is detected soon enough, the treatment efficacy 

achieves about 90–100%. Disease causes negative long-
term changes in emotional, cognitive and social di-
mension [1]. Breast cancer is a very stressful event in 
women lives. They have permanent fear from disease 
recurrence which is connected with consequences 
of oncological treatment and psychosocial morbid-
ity progress. This fear decreases the quality of life in 
the patients with the breast cancer [2]. Tumours re-
quire an intensive and complex treatment, which de-
pends on the type, scope and location of the tumour 
focus. Woman-patient is confronted by notice diag-
nosis of various thoughts, feelings, physical changes 
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that result from a combination of therapies, such as 
surgery therapy in combination with chemotherapy, 
radiotherapy and hormonal therapy. Each modality 
brings with it a range of adverse effects through he-
matologic complications, regression of the immune 
system, hormonal changes, digestive problems (an-
orexia, nausea and vomit), alopecia, after local skin 
changes which are consequences of radiotherapy and 
persistent fatigue for months or years after treatment. 
Sadovská [3] states that the pain is often a complica-
tion and it affects approximately 80–90% of patients. 
Pain is characterized by burning feelings and con-
traction in thorax wall, arm-pit or back side of shoul-
der. However, the pain is usually also associated with 
lymphedema which is very often a complication after 
surgery intervention on breast and regional lymph 
system. It affects approximately 20–40% of women 
after the operation during six years [4]. The resulting 
lymphedema limits the mobility of the limb, further-
more is the source of pain and relapsing infections, 
and therefore greatly influences the quality of life of 
a woman. Symptoms of lymphedema will be able to 
retreat with long-term and intensive rehabilitation, 
compliance of treatment measures and skin care [3]. 
Mastectomy can cause unbalance and asymmetrical 
posture with tilting to healthy side of the body. These 
facts can induce pains in cervical spine and stiffness in 
the neck. Breast epithesis is an advisable tool for main-
taining proper posture and it hides the empty space in 
the chest. With this prosthesis, women feel more con-
fident (comfortable) and they can return to normal life 
without any visible changes in their body [4]. From 
the psychological aspect, the disease is a very chal-
lenging/ difficult life situation. It changes ordinary life 
rhythm, hobbies, and well-being and also threatens 
their feelings security [5]. Many investigation studies 
which were bearing to existence psycho-social prob-
lems, they documented the incidence of depression in 
30% patients, adaptation problems and negative stress 
after they were diagnosed a cancer. Also, only 4% of pa-
tients with cancer accept that they suffer from a de-
pression or anxiety [6]. Doubts on self-appreciation 
and difficulties in sexual relationships occur in addi-
tion to depression, fear, anxiety and emotional stress 
arising due to the disease in patients. Women feel low-
rate, unattractive, abhorrent by the consequence of an 
amputation of their breast. In many cases, they have a 
fear that they are unattractive for their sexual partner. 
Very often, the first reaction after the removal of the 
breast in patients attempt to disguise scars and with-
draw into seclusion. Some women do not put off their 
bra or they resist physical contact in chest area during 
sexual intercourse [7]. The rate of psychosocial burden 
and quality of life is a dynamic process, where prob-
lems in the mental, emotional and social areas per-
sist several years after treatment of the disease [1]. 
In social dimension, life of every woman with breast 
cancer brings various changes in the arrangement of 

their family life, changes in social roles, in the field 
of work and changes in the financial position [7]. Ill 
women have the biggest fear from work disability, 
from decreasing life standards and the resulting loss 
of social prestige. Surrounding social environment of 
women is affected by the disease, along with her sur-
viving treatment, the chance to cure and disappoint-
ment [8].

AIM
The aim of the research was to determine the quality 

of life in women with breast cancer by using a stand-
ardized questionnaire WHOQOL-BREF.

The second objective is to propose (evaluate) the pos-
sibilities of supporting the nursing education at pre-
gradual level in the meaning of follow-up assistance 
and help to patients with breast cancer and to identify 
the areas where should be paid attention to the health-
care workers education.

METHODS
For measuring quality of life, we used a question-

naire Quality of Life by World Health Organization 
WHOQOL-BREF that is focusing to general quality 
of life, general satisfaction with health and the as-
sessment of single domains and aspects of the qual-
ity of life. Questionnaire WHOQOL-BREF is a short 
version of the original questionnaire WHOQOL-
100 which allows a detailed assessment of each in-
dividual facet relating to the quality of life. The in-
strument was developed by WHOQOL group (1998), 
based on an analysis of data from 20 research cen-
tres around the world. The questionnaire is used for 
self-assessing the quality of life that the respondent 
fills out alone. It is designed for assessing the quality 
of life of groups or populations and it enables regional 
or international comparison of groups with different 
socio-economic characteristics. The questionnaire was 
tested in 23 countries around the world such as Brazil, 
Spain, Russia, USA and the Czech Republic, where it 
was analysed by Dragomirecká and Bartoňová [9]. The 
questionnaire consists of 26 items: two independent 
items which are evaluating the overall quality of life 
and satisfaction with general health and 24 items as-
sociated into four domains (physical health, psycho-
logical health, social relationships and environment).

The results of questionnaire WHOQOL-BREF are ex-
pressed as:

 ▶     domain score which represents average raw 
score from items including the transformation 
to scale from 4 to 20 or from 0 to 100 (in %), the 
higher score means a better quality of life
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 ▶     the values of answers of two independent 
items which evaluate general quality of life and 
overall health

 ▶     range of scale for individual items 1–5, which 
means 1 is the worst answer and 5 is the best 
answer [9].

The questionnaire was completed with other ques-
tions relating to the socio-demographic characteris-
tics: age, marital status and questions are focused to 
the type of operation and the length of a diagnosed dis-
ease. Questionnaire was anonymous and its adminis-
tration was voluntary. Data collection was conducted 
from January to March 2014 in Slovakia. Question-
naires were distributed after written agreement by 
female members of a self-group Venuša in Prešov, self-
group Narcis in Vranov nad Topľou and self-group Vik-
torka in Banská Bystrica. We determined the specified 
criteria for the choice of respondents:

 ▶     age of cancer patients up to 65 years
 ▶     diagnosed breast carcinoma
 ▶     women willing to complete the questionnaire

Statistical analysis and evaluation of empirical data 
has been realized in Microsoft Office Excel 2007 pro-
gramme and with the usage of descriptive statistics – 
absolute frequency (n), relative multiplicity (%), arith-
metic average and standard deviation (SD). Results 
of our survey were compared with the results of re-
search (population norm) by authors Dragomirecká 
and Bartoňová. Quality of life data was analysed and 
compared also in terms of operating performance and 
in terms of marital status of women. The gross scores 
of the domains and their transformation ware carried 
out according to the methodology Dragomirecká and 
Bartoňová [9]. Evaluation of the quality of life was an-
alysed and compared from the family aspect.

RESULTS
The research sample consisted of 90 women with 

breast cancer. Predominant age group in the survey 
sample consisted of 73 women in the older adulthood 
(81%). Minimum number of women 5% was in age 
from 31 to 40 years and 2% in age to 30 years. From the 
perspective of marital status, it was 50 (56%) of mar-
ried women, 24% widows and 13% divorced women 
in our survey. Single women accounted for 7%. More 
than half of respondents 49 (54%) reported the length 
of diagnosing the disease to six years or more. 21% 
of women reported 2–3 years and 18% of women re-
ported the length of diagnosing 4–5 years. Minimum 
number of women 7% reported one year. From the 
whole research sample 49 (54%) of women underwent 
the breast-conserving surgery and 40 (45%) women 
the mastectomy. Only one woman has been without 
surgical intervention. The largest number of women 

70 (78%) were located in remission period; the 5% of 
women were at the stage of remission. 17% of women 
was in the process of treatment.

Pleasing findings are that women have the greatest 
support among their closest, 34% in children and 25% 
in their sexual partners. 15% of women finds support 
in self-groups or civic associations, however, only 9% 
stated the support from the surrounding background 
(friends) and 7% from parents (Table 1). 

Interpretation of items and domains 
for questionnaire WHOQOL-BREF

In global assessment of quality of life and satisfac-
tion with health is possible to observe the differentia-
tion in both population groups (Table 2). Respondents 
rated, in average, a poorer overall quality of life (3.55) 
than the population norm (3.82) and similarly they re-
ported lower satisfaction with health (3.11) compared 
to population norm (3.68). Women with mammary 
carcinoma were the least satisfied in physical health 
(score 13.92). In the above domain they rated negative 
especially the option “dependence on medical care” 
and option “pain and uncomfortable feelings” (2.90). 
Mobility (3.45) was ranked also worse in comparison 
with the population norm. In other domains, patients 
ranked items such as population norm, except “nega-
tive feelings” in the domain of mental health (2.74) and 
“sex life” (3.04). Patients reported that they often suf-
fered from negative feelings such as irritation, hope-
lessness, anxiety and depression. Domain – envir-
onment was rated better than the population norm, 
especially in items: personal safety, environment, fi-
nancial situation, access to information, hobbies, en-
vironment around residence/ home, transport, the re-
sults are shown in Table 2.

From the perspective of marital status, we observed 
the most significant differences in the mental health 
domain in item negative feelings. Women without 
partner (2.40) were suffering with depressive mood 
unlike married women (3.02). In domain environ-
ment, women without a partner have limits in practi-
cal life associated with their financial situation (3.10) 
and possibilities of transferring from one place to an-
other by transport (3.25). Despite of results,  it is pos-
sible observe in other items lower levels which are cor-
relating with less ranking quality of life (3.23) and 
satisfaction with health (3.20) in single items.

  Obročníková et al.
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Figure 3. Preclinical and clinical stage 
(semester V–VIII) in the new MD Program

Quality of life in women with breast cancer?!

Characteristics N  %

Age to 30 years 2 2%

31 - 40 years 4 5%

41 - 50 years 11 12%

51 - 65 years 73 81%

Marital status single 6 7%

married 50 56%

divorced 12 13%

widow 22 24%

Duration of disease 1 year 6 7%

2-3 years 19 21%

4-5 of years 16 18%

6 years and more 49 54%

Type of operation complete removal  
of the breast 40 45%

removal of part 
of the breast 49 54%

without surgical  
intervention 1 1%

Period in the treatment 
process 15 17%

at the stage  
of remission 70 78%

at the stage of relapse 5 50%

Social support husband/partner 44 25%

children 60 34%

parents 12 7%

friends 16 9%

members  
of the association 27 15%

physician 8 5%

nurse 1 1%

psychologist 6 3%

priest 2 1%

tAble 1. Basic socio-demographic and clinical 
characteristics of patient group (n = 90)

tAble 2. Mean score of items and domains WHOQOL-BREF 
in patients with breast cancer (n = 90) and population norm

N – absolute frequency, % – relative multiplicity

* Dragomirecká, Bartoňová, 2006, p. 41
Mean – arithmetic average, SD – standard deviation

Domains and items Patients with 
breast cancer

Population 
norm*

Mean SD Mean SD

Single items

Q1 – quality of life 3.55 0.90 3.82 0.72

Q2 – satisfaction 
with health 3.11 0.81 3.68 0.85

Domain 1 Physical 
health 13.92 2.53 15.55 2.55

Pain and uncomfor-
table feelings 2.90 0.87 4.3 1.5

Dependence on me-
dical care 2.30 0.99 4.16 0.95

Energy and fatigue 3.28 1.5 3.62 0.93

Mobility 3.45 1.9 4.27 0.84

Sleep 3.26 01.8 3.61 0.99

Daily activities 3.35 0.94 3.76 0.78

Working 
performance 3.24 0.93 3.76 0.80

Domain 2 Psycholo-
gical health 14.53 2.37 14.78 2.43

Enjoyment of life 3.84 0.80 3.83 0.90

Meaning of life 04.1 0.84 3.86 0.85

Concentration 3.47 0.87 3.55 0.88

Adopt its own 
appearance 3.72 1.9 3.90 0.82

Satisfaction with 
oneself 3.50 0.81 3.57 0.76

Negative feelings 2.74 1.00 3.47 0.95

Domain 3 Social 
relations 14.34 2.2 14.98 2.89

Personal relations 3.73 0.76 3.75 0.91

Sex life 3.4 0.92 3.64 1.7

Support of friends 3.98 0.65 3.85 0.80

Domain 4 
Environment 13.94 2.59 13.30 2.8

Personal safety 3.33 0.82 3.24 0.79

Environment 3.36 0.99 2.85 0.92

Financial situation 3.14 1.6 2.87 1.8

Access to 
information 3.92 1.5 3.87 0.77

Hobbies 3.64 1.13 3.33 1.00

Environment 
around residence 3.61 0.76 3.54 0.86

Access to healthcare 3.39 0.85 3.70 0.79

Transport 3.49 0.82 3.19 1.7
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DISCUSSION
A fundamental change in the living situation with 

oncological disease significantly influences the sub-
jective perception of the patient's condition and the 
related overall quality of life [10]. Women with breast 
carcinoma have to stand consequences of diagnosis 
and aggressive treatment such as pain, swelling of the 
upper extremities, lymphedema, limited mobility and 
discomfort, loss of or deformation of breast cancer 
which affects their life [2]. The values of a monitored 
group in comparison with the population norm show 
that oncological disease significantly affected all as-
pects of the physical dimension. The most frequent 
problems in cancer patients are pain in connection 
with discomfort, low mobility and an increased need 
for medical care.

Quality of life reflects more than just physical 
health. Sadovská [11] states that emotional, social 
and spiritual aspects that can be enhanced especially 
in situations where physical health is absent have a 
great influence to her evaluation of QoL. Analysis of 
the various aspects showed that the largest share in 
reduced quality of life has psychosocial distress. Pa-
tients suffer from a lot of negative feelings like a de-
spair, irritation, anxiety or depression in compari-
son with the population norm. Mesárošová et al. [6] 
suggest that women with malignant breast cancer are 
highly experiencing symptoms of depression, anxi-
ety and stress. Lehto et al. [12] in a large prospective 
clinical study investigated the effect of psychosocial 
factors on the quality of life and length of survival in 
patients treated by mastectomy and subsequent radio-
therapy or chemotherapy. They state that consequence 

Domains and items

Marital status

Single, divorced, widow Married patients

N Mean N Mean

Domain 2 Psychological health 

Enjoyment of life 40 3.56 50 3.80

Meaning of life 40 3.68 50 4.8

Concentration 40 3.50 50 3.52

Adopt its own appearance 40 3.74 50 3.95

Satisfaction with oneself 40 3.30 50 3.70

Negative feelings 40 2.40 50 3.2

Domain 3 Social relations

Personal relations 40 3.58 50 3.78

Sex life 40 2.93 50 3.14

Support of friends 40 3.88 50 4.6

Domain 4 Environment

Personal safety 40 3.28 50 3.38

Environment 40 3.42 50 3.40

Financial situation 40 3.10 50 3.55

Access to information 40 3.93 50 3.92

Hobbies 40 3.56 50 3.54

Environment around residence 40 3.68 50 3.65

Access to healthcare 40 3.55 50 3.58

Transport 40 3.25 50 3.64

Single items

Q1 – Quality of life 40 3.23 50 4.2

Q2 – Satisfaction with health 40 3.20 50 3.70

tAble 2.  Differences in domains 2–4 by marital status of patients

Mean – arithmetic average, SD – standard deviation

  Obročníková et al.
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of pressuring the psycho-social morbidity in patients 
is manifested in development of behavioural risk pro-
file. It includes feelings as dangerous, anxiety, frustra-
tion, depression, stress and other negative emotions, 
which severely limits the length of survival of women 
with breast cancer. The good aspect is that women in-
dicate despite frequent negative feelings, more sense 
and pleasure in their life than the population norm 
by Dragomirecká and Bartoňová [9]. This fact can be 
explained that the women are forced to seek sources 
of intense pleasure in life and more often think about 
its meaning.

Dančíková [1] describes the loss of  the breast 
(symbol of femininity) brings feelings of disturbance 
of body integrity, defection of femininity and physi-
cal attraction which makes adecreased self-esteem and 
fear of establishing new contacts and relationships. 
The results of the data analysis conclude that the psy-
chosocial consequences of the group influence in the 
negative sense to their sexual life. Similarly, dissatis-
faction in the sexual life was confirmed by research 
Bencová, Bella and Švec [13]. The research findings by 
Kočišová [14] point to the disruption of social relations, 
not excluding sexual cohabitation between partners.

Maintaining a positive relationship with the part-
ner is essential in the difficult period of a woman´s 
life. Open communication about disease, problem or 
anxiety is inevitable to a harmonic relationship. Only 
kind, tolerant and careful partner can help the woman 
and he can give her safety and make her stronger in 
the difficult time of her life [15, 16]. A positive find-
ing is that patients, as well as the population norm, 
have a good personal relationships and adequate sup-
port from friends, what we attribute to the impor-
tance of active membership in the self-help groups. 
Žiaková, Maštenová [17] detected the differences in 
post-traumatic growth in women after surgical treat-
ment of the breast cancer by using multiple meth-
ods (PTGI, PSSS, Brief COPE, SWLs). Participation in 
self-help groups allows women to be emotionally re-
laxed, dispel thoughts rationally to accept their situ-
ation and seek positive changes in their lives. In com-
parison to women who visit self-help group or not, 
they certify that women who visit self-help groups 
feel more positive changes in interpersonal relation-
ships (reduction of social isolation). Participation in 
self-help groups allows women to be emotionally re-
laxed, dispel thoughts rationally to accept their situ-
ation and seek positive changes in their lives.

In comparison to the quality of life of married 
women and single women, widows or divorced 
women, we found out very interesting results. Women 
who are not married have analysed all dimensions of 
quality of their life worse than married women. They 
reported a lower satisfaction in personal relationships, 

sex life, family support, which greatly affected their 
satisfaction with life and the sense of life. They often 
feel negative feelings such as anxiety, despair or de-
pressions or hopelessness. They have problems with 
financial situation and traffic. Arndt et al. [18] inves-
tigated consequences of treatment to the quality of 
life in women with breast during several years. Their 
study concluded that the physical problems subside 
within approximately one year after surgical treat-
ment, mainly due to the family support and dispensary 
care by health professionals. At the same time, symp-
toms from emotional, psychological and social fields 
arise and persist years after the end of anticancer ther-
apies. This topic is a challenge for continuing nurs-
ing care. Due to the current problems of women with 
breast cancer, it creates the space for nurses working 
in community care (nursing home care agency and 
others). Our educational institution reflects the cur-
rent oncology issue and therefore it also incorporated 
the content of the nursing care of women with breast 
tumors within the portfolio of a specialized study pro-
gramme nursing in community care.

Our research implies that psycho-social care will 
have to be an integral part of the comprehensive treat-
ment regardless the course of the disease (treatment, 
remission, relapse, convalescence). The benefit of care 
is to help women overcome cognitive, emotional, and 
behavioural consequences of the disease and its treat-
ment and to lead to the social reintegration (return 
to a normal family, work and social life), which has a 
positive impact on success of treatment, the average 
survival time and quality of life of cancer patients [2].

The results of study point to necessity of identifying 
the bio-psycho-social needs of these patients, which 
we detect with nursing students by model situations 
in education in artificial conditions. After complet-
ing the clinical training subjects, especially the sub-
ject Nursing in Oncology, students are able to perform 
physical assessment in these patients with the imple-
mentation of assessment tools (Test for functional 
assessment – instrumental activity daily living, Pain 
Assessment Scales, Depression, anxiety, stress scales 
and others) for specific clinical case. They also learn to 
use acquired theoretical knowledge in clinical practice 
through direct nursing interventions.

Our educational institution provides innovative 
training to future midwives in the form of an e-learn-
ing module. The project titled Multimedia technologies 
in midwifery preparation aims to create an e-learning 
environment in Faculty of Health Care of the Univer-
sity of Prešov. It is intended to complement and inno-
vation the theoretical and practical training of mid-
wifery students in accordance with the principles of 
adult learning and with support of distance learning. 
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Orientation of the content base of the project takes 
place through interaction and

active monitoring of information, problem-solving 
teaching, simulation of model situations, development 
of communication-information capabilities, demon-
stration procedures, case studies implementation, in-
novation of multimedia technologies.

Care for woman includes a bio-psycho-social model 
of perception of the disease and application of ac-
quired knowledge in direct interaction with a female 
patient within clinical practice.

The training program is aimed at the bachelor's 
degree study programme of midwifery. Its content is 
to provide a composite picture of care for female and 
reproductive health. In the various modules, e-learn-
ing is focused on pathological processes of reproduc-
tive health during the life of a women.  Part of the 
training modules are thematic units, focusing on the 
issue of cervical cancer and breast cancer.

For understanding and objectivizing the impact of 
the disease on the quality of life of women students 
implement the scales and assessment tools directly 
during practical training at clinical workplaces. Multi-
disciplinary care for a patient with breast cancer re-
quires interventions from other professionals of 
non-medical study disciplines. In addition to mid-
wives, the nursing profession has a dominant position 
in the care of a woman.  Treatment of the disease in-
volves a surgical and oncological approach, its effects 
cause a physical discomfort, emotional and social dis-
tress that is manifested by social isolation, disruption 
of family relationships and partnership, and disorder 
of self-image and self-conception. Therefore women 
with breast cancer expect a professional, erudite, em-
pathic care, which involves highly professional train-
ing of graduates of the above-mentioned disciplines. 
Based on research results, it is necessary to develop 
communication skills in students of non-medical 
study disciplines in the context of psycho-social and 
emotional support.

Due to the high incidence of illness, nursing stu-
dents take part in health education programmes 
(breast self-examination) in order to increase health 
awareness about the prevention, screening and pit-
falls of the already diagnosed disease. Health educa-
tional programmes are focused at a target group of 
young women and girls for the positive modification 
of their attitudes towards own health.

CONCLUSION
Breast cancer significantly affects the quality of life 

of women. The results of our research investigation 
confirmed the reduced quality of life of patients in the 

domain of physical health. Oncological disease is be-
coming a disease for a lifetime and it is associated with 
the constant fear from relapse of disease and from the 
adverse effects of anticancer treatment.

Attention should be given to each patient and for a 
better compensation of the disease and maintenance 
of the quality of life we shall promote the develop-
ment of psychosocial interventions in all forms [19].

This issue is the basis for continuous training of 
nurses and midwives and the measurement of qual-
ity of life by using cancer-specific instruments in long-
term breast cancer survivors [20]. Current statistics 
of cancer becomes an incentive for the development 
of new education programmes of non-medical pro-
fessions (Radiology technics, Laboratory diagnostics 
methods in healthcare). Oncological diseases should 
be part of many health education programmes in Slo-
vakia. They should also stimulate the interest of trans-
national policies across the EU.
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NEUROEDA – AN INTERACTIVE WEB TOOL FOR 
NEUROINFORMATICS DATA ANALYSIS AND 
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AbstrAct —Background: INeuroinformatics is a rapidly developing inter-
disciplinary field which provides an enormous amount of data to be classified, 
evaluated and interpreted. Usage of exploratory data analysis (EDA) methods 
is essential in evaluating clinical data in medicine and this analysis remains 
a big challenge because each new system has specific requirements. Visualiza-
tions, models and illustrations of dependency can help in better understanding 
of measurements in diagnostics and in decision making. The number of avail-
able modern EDA packages for developers is increasing as well as the develop-
ment in the Data Science field. The development of modern methods of data 
analysis must also be incorporated in university education.

Objective: The aim of the study is to design and develop software, which 
implements current EDA packages and model making procedures for neuro-
logical data analyses which could be easily modified. The second objective is to 
evaluate the possibility of supporting the education of biomedical engineering 
students at the undergraduate level in order to provide effective support in bi-
omedical data analysis.

MethOds:  An application has been created under the reactive Shiny frame-
work in the R language. Data in .csv or .tsv format are processed on the server 
side of the application.

Results:  We have developed a new easy-to-use software named NeuroEDA 
for interactive web-based biomedical data assessment. This application covers 
basic descriptive statistics, exploratory graphs and cluster analysis, which is 
also suitable for big data examination. Furthermore, this application offers 
methods for robust and non-parametric analysis. These are particularly useful 
in neuroinformatics from our long-term experience. The application was prac-
tically deployed in the evaluation of clinical neurological data and in teaching 
the subject Biomedical Statistics.

Conclusion:  We have introduced the possibility of creating biomedical soft-
ware for clinical use and demonstration in teaching. Among the advantages 
of the application, is that it is easily expandability with new R packages and 
quick processing in web browsers. The interactive user interface allows one to 
work with R’s functions without needing scripting/programming knowledge. 
Students can acquire practical experience in processing and transformation 
of heterogeneous medical data not only in biomedical engineering fields, but 
also at the medical faculties for Medical Informatics. This application is ac-
tively used for neuroinformatics data assessment and in discovering some po-
tentially useable hypotheses.
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INTRODUCTION
Exploratory data analysis (EDA) has been system-

atically studied from the age of statistician John W. 
Tukey. In his book (1977), EDA was defined as a statis-
tical method for finding interesting hypotheses and 
relations in data [1]. It was mainly about the graph-
ical techniques of data representation: boxplots, his-
tograms, scatter plots or manually calculated analysis 
of principal components etc. Deep analysis of data in-
tegrity and the variance of values, correlations and 
i.e. groups of discrimination in data, plays a key role 
in pre-processing and the subsequent creation of de-
scriptive and predictive models. EDA is even more im-
portant in medicine, typically for small dataset counts 
or due to outlier observations.

Research and the application of EDA methods are 
constantly progressing and this progress reflects the 
rapid rise of the importance of areas related to com-
putational data analysis and data science in general 
(Figure 1). The number of scientific papers from all 
data science fields grows every year in the Web of Sci-
ence (WoS). Recent medical examples of EDA progress 
are, for instance, in application for electronic medical 
records [2], text mining in obstetrics [3] or methodol-
ogy in neurosciences [4].

Despite the mathematical nature and recommended 
methods, modern EDA is a form of art and an expres-
sion of the author/analyst's creativity [5]. Creativ-
ity and the authors knowledge in the form of various 
packages, tools and libraries can easily be integrated 
into the work of biomedical software programmers. 
The creation of a precise, and compendious graph is 
in many cases more efficient than inductive analysis 
based on p-values. Current statistical studies point to 
an excessive or automated problem of statistical sig-
nificance usage by p-values in medicine and psychol-
ogy [6-9]. Visual analysis (visual mining) seems to be 
an appropriate alternative to inductive statistics [10]. 

This article introduces an interactive web applica-
tion NeuroEDA, which implements current EDA pack-
ages and model making procedures for neurological 
data analyses (i.e. near infrared spectroscopy data 
(NIRS), transcranial magnetic stimulation data (TMS), 
camera systems or microelectrode recordings (MER)) 
in the form of a BioData product. The data product is 
the production of output from statistical analysis, 
which automates complex analysis tasks or uses tech-
nology to expand the utility of a data informed model, 
algorithm or inference. The study includes data from 
the Department of Biomedical Informatics, Faculty 

of Biomedical Engineering, Czech Technical Univer-
sity in Prague (DBI FBME CTU), which in the long-
term cooperates with the Department of Neurology 
and Centre of Clinical Neuroscience, First Faculty of 
Medicine, Charles University in Prague.

METHODS
The application was developed because of the need 

for an integrating interface with new statistical meth-
ods for biomedical data analysis at DBI FBME CTU. It 
was programmed using the open source programming 
language R, which is a significant member in the sta-
tistical computing field. The app kernel is based on 
Shiny framework, standing on the reactive program-
ming paradigm [11, 12]. Reactive programming was de-
signed, above all, to simplify interactive user interface 
creations. The Shiny application is composed of two 
main parts, the user (ui.R) in the form of a webpage, 
and the server part (server.R). Within Shiny, reactiv-
ity is provided by reactive inputs and outputs. Typical 
input is the user’s demand with a web interface. For ex-
ample, picking one of several form choices, filling out 
the text field or clicking on a button. These actions set 
parameters, with which the application immediately 
reacts by rendering an output (graph display, table op-
eration etc.). It can be executed on a local server and 
used within a web browser. The user controls the ap-
plication within the user interface, and sends requests 
to the server, where computations are made and out-
puts are updated.

This application allows the user to import data in 
the .csv format. A file is chosen in the file system. It 
is possible to change a delimiter (comma/semicolon/
tab) and turn the header on or off. Basic information 
is reactively displayed after uploading the dataset. The 
user can see basic attribute summaries or view data-
sets as a table, with paginating, sorting, filtering and 
searching options (Figure 2).

NeuroEDA – an interactive web tool for neuroinformatics data analysis and teaching biomedical statistics
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Figure 1. Annual progress of the count of key phrases in scientific papers in the Web of Science related to the Analysis 
and Data Processing field for the last 10 years (to the year 2016) (own arrangement according to WoS)

Figure 2. View on NeuroEDA application environment with imported data and table visualization
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Figure 3. NeuroEDA Process map / Workflow

Figure 4. Example of visually discovered clinical hypothesis by NeuroEDA: the FRQ parameter 
has a greater impact on expert assessment in the patients group

NeuroEDA – an interactive web tool for neuroinformatics data analysis and teaching biomedical statistics
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tAble 1. Title and description of selected 
features from finger tapping measurements

RESULTS
The program is composed of five functional units: 
Upload, Summary, Table, Plotting and Analysis. It op-
erates in graphical user interfaces (GUI).

Several methods were implemented for dataset ex-
ploratory analysis:

 ▶     graph visualizations, using the “ggplot2” 
package: e.g. boxplot, histogram, scatter plot,

 ▶     interactive correlation analysis + kernel 
density estimation using the “Ggally” package,

 ▶     k-means algorithm for finding compact 
clusters in data,

 ▶     imple regression analysis with an 
independent and dependent variable using 
least squares method,

 ▶     locally weighted regression (LOESS) using 
the “ggplot2” package – able to find nonlinear 
trends, suitable for detection of rapid 
dropdowns or other interventions,

 ▶     robust regression using the “robust” package 
– lower sensibility to outliers, represents linear 
models with smaller counts of observations 
better than the least squares regression 
method,

 ▶     the mclust - package provides models and 
methods to estimate the number of clusters in 
the multivariate dataset. The algorithm uses 
10 models to calculate default 1 to 10 Gaussian 
Mixture Model (GMM) components (clusters) 
and Bayesian Information Criterion (BIC) to 
select final number of clusters.

The most beneficial clinical property of the Neu-
roEDA is the mclust package, which is practically used 
in our neuroinformatics research to automatically de-
termine the number of clusters in the 2D data and for 
the subsequent classification, including the quantifi-
cation of the uncertainty of the decision algorithm. In 
short, the number of detected clusters represent the 
number of neurons in the MER. Routine education of 
the whole analytical process enables evaluation of the 
data by bachelor students.

Case 1: clinical neurology dataset

The application was tested on several publicly ac-
cessible datasets of various extent (i.e. iris, mtcars of 
“datasets” package). Moreover, it was used for clini-
cal neurological dataset exploratory data analysis of 
camera system measurements. Records represent pa-
rameters of periodic hand movements, or finger tap-
ping (FT). FT stands for repetitive touching of a thumb 
and a forefinger following maximal expansion, as fast 

as possible. Measurements were taken in healthy con-
trols (N = 59) and Parkinson disease patients (N = 55). 
An overview of the selected features is shown in the 
table (Table 1).

Ways of working with the neurological dataset in 
NeuroEDA application are depicted in the process map 
(Figure 3). It is clearly visible, that based on FRQ and 
VELO parameters, it is possible to automatically dis-
tinguish between patients and healthy subjects, using 
k-means algorithm (two groups with an unsupervised 
separation).

The example of a visually found hypothesis by linear 
and robust regression methods has a practical impor-
tance. It was discovered that there is a difference be-
tween healthy vs. patient’s groups considering this re-
gression model (Figure 4):

dependent variable (y): VT
independent variable (x): FRQ

The tapping frequency parameter (FRQ) on how an 
expert evaluates a patient's condition has a signifi-
cantly greater impact in the group of patients. More-
over, an expert is much more focused on finger tap-
ping frequency than in a healthy group (in which 
case the expert is most likely considering some other 
parameter).

The tapping frequency parameter (FRQ) on how an 
expert evaluates a patient's condition has a signifi-
cantly greater impact in the group of patients. More-
over, an expert is much more focused on finger tap-
ping frequency than in a healthy group (in which 
case the expert is most likely considering some other 
parameter).

Title Description

GROUP group membership: = 1 (disease)

SEX sex: = 1 (female)

VT expert rating (numeric)

FRQ mean tapping frequency [Hz]

FRQSTD FRQ standard deviation (std) [Hz]

AMPDEC amplitude decrease of fingers distance 
[cm]

AMPMEAN mean amplitude of fingers distance [cm]

AMPSTD std amplitude of fingers distance [cm]

VELO finger opening velocity [m/s]
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Case 2: Biomedical Statistics course

The Biomedical Statistics lectures at the FBME CTU 
include a demonstration of the basic algorithms and 
methods for medical decision making (e.g. statistical 
inference, cluster analysis and regression). For better 
understanding, practical lessons should consist of 
exercises using this NeuroEDA application. Practical 
work with this system helps students to understand 
the Fundamentals of Statistics in medicine. Local ver-
sions of NeuroEDA were installed in the Laboratory of 
Information Technology in Biomedicine, which is su-
pervised by the DBI FBME CTU. A pilot of 33 students 
in the 1st and 3rd year of a bachelor's degree in Bio-
medical informatics and Biomedical Technician were 
enrolled in the course. The faculty Moodle system ma-
terials are used for testing their learned skills.

Main scenario – the creation of a biomedical data 
analysis processing pipeline starting from loading of 
heterogeneous data files, to the interpretation of the 
achieved results. Within the main scenarios various 
tasks have been proposed depending on the complex-
ity: e.g. management of dataset and preparation for 
inferential statistics, basic EDA, selection of optimal 
number of clusters by k-means, usage of robust re-
gression in small sample etc. Each app functional unit 
included a bookmark with a brief, illustrative tuto-
rial of use.

In a broader context, the exercises focus on the sta-
tistical fundamentals of preparing a simple BioData 
product that can be used to tell a story about data to a 
mass audience. 

DISCUSSION AND CONCLUSION
NeuroEDA application is an easy to use software de-

veloped by biomedical engineers. Its outstanding fea-
ture, which makes it different from all existing sta-
tistical software, is its quick extendibility with new 
available statistical R packages on demand. The ap-
plication provides immediate response, even in cases 
with bigger data files. Functionality was also success-
fully tested in commonly used web browsers (Google 
Chrome, Safari, Mozilla Firefox, Internet Explorer). 
The main advantage of the application is the availa-
bility of robust regression and the mclust package, 
that are not usually contained in available commer-
cial statistical programmes and are crucial for statisti-
cal evaluation of our biomedical data. The usage of the 
interactive interface allows for working with R func-
tions without any scripting knowledge, therefore it 
offers usage by non-technical clinic staff.

FUTURE WORK AND 
INTENSIONS

The application is still in an alpha version and is con-
tinuously tested and extended with new functions. 
We are considering direct connection to the database 
which stores data from various neurophysiological ex-
aminations, which is likewise developed at DBI FBME 
CTU.

An example of one of the already deployed clinical 
services is REDCap MRIviewer [13]. The MRIViewer 
can display MRI images that are stored on a SSH-acces-
sible data storage on REDCap [14]. Due to the file sizes 
and complexity of the project, images must be stored 
in a large data warehouse which allows for easy view-
ing and downloading by researchers and physicians. 
The images are stored on the CESNET network stor-
age and are displayed in a web environment using the 
modified DICOM Web Viewer. It offers the analytical 
potential of NeuroEDA (not only EDA, but e.g. image 
registration and pattern recognition) using packages 
for highdimensional data - such as MRI or fMRI, di-
rectly in DICOM or NIfTI format. In our opinion, the 
desktop version of Shiny NeuroEDA is capable of ab-
sorbing the high dimensional data and to analysing 
it efficiently. We anticipate problems with uploading 
from outside the internal system through the online 
Shiny UI, mainly due to the size of the uploaded files. 
To our best knowledge, the processing of biomedical 
images in the Shiny framework is currently unique 
and its integration into Shiny is possible [15, 16], but 
slow depending on the system.

Besides table data analysis modules, we also work on 
the module for analysing time series, according to new 
measured signals and hypotheses specified by medical 
doctors. An extended version can be used advanta-
geously in teaching other subjects, namely Time Series 
Analysis. The application can be deployed in our inter-
nal server, and made accessible by a web browser. This 
allows the user to work with the responsive applica-
tion not only in the computer lab, but also on tablets 
or mobile devices without the necessity of installing 
it on to the local station and can also operate remotely 
outside of the laboratory in the case of permitted se-
curity policies. A substantial amount of the content of 
this paper has been orally presented in Czech at the 
MEDSOFT 2017 Conference in Roztoky, Czech Repub-
lic. Based on conference discussion and positive feed-
back, we plan to provide the application for teaching at 
another biomedical department in the Czech Republic.

NeuroEDA – an interactive web tool for neuroinformatics data analysis and teaching biomedical statistics
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CONCLUSIONS
In this work, we have introduced the possibility 

of creating biomedical software for clinical use and 
demonstration in teaching. A web application, which 
implements various methods for exploratory data ana-
lysis was created. The benefits of using this practical 
demonstration tools for teaching health profession-
als were previously shown and not only within the 

MEFANET. Advantageously, it can be used in the class-
room not only in biomedical engineering fields, but 
also at the medical faculties for Medical Informatics. 
Students will acquire practical experience in the pro-
cessing and transformation of heterogeneous medical 
data. NeuroEDA can be executed without the need of 
programming knowledge. The application is actively 
used for neurological data assessment and discover-
ing of potentially useable hypotheses.
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AbstrAct — Background: The pace of development and the tide of events are 
very relative terms. From the point of view of our planet or the life on Earth, ten 
years represent only a tiny fraction in a very long timeline. However, for the or-
ganism called MEFANET (MEdical FAculties NETwork), ten years proved to be a 
true evolution period, during which it became an important member of the Euro-
pean community dealing with medical education. Moreover, if we take into ac-
count that modern information and communication technologies play a key role 
in MEFANET activities, it is obvious that the days of MEFANET origin might seem 
as long ago as the century of steam, at least for our youngest colleagues.

By an annual tradition, teachers from medical fac-
ulties, experts in information technologies and other 
involved people arrived to Brno at the end of Novem-
ber, this time to Hotel Continental, to celebrate the 
MEFANET’s jubilee. A standalone ceremony was ded-
icated to the 10th anniversary of the beginnings of 
joint activities; however, memories of various stages 
of network development since its unofficial start up to 
these days – as well as future prospects – ran through 
the entire conference programme. For many speakers, 
especially those who had “got in on the ground flood”, 
this meant that their talks were not just matter-of-fact 
and work-related, but rather personal.

“Ten years ago, we realised together with our col-
leagues that modern information technologies can 
substantially help us in medical education. But we 
found out very soon that the development of electronic 
teaching tools is not only demanding in terms of pro-
fessional expertise, but is also time-consuming and 
expensive; a single faculty of medicine could not pos-
sibly cover the entire curriculum, and mutual coopera-
tion seemed to be a very advantageous option. We have 
therefore started to share these teaching tools via our 
educational portals”, explained Prof. Stanislav Stipek 
from the First Faculty of Medicine at Charles Univer-
sity (1st FM CU). This cooperation in cyberspace ulti-
mately led to a spontaneous development of a commu-
nity of teachers at medical faculties and IT enthusiasts 

– a community which was compact but nevertheless 
open to new members, branches of study, and ideas. 
“For me, the jubilee marks ten years since getting to 
know many colleagues from Czech and Slovak med-
ical faculties. Many of these professional links have 
grown into true friendships over time”, said Assoc. 
Prof. Daniel Schwarz from the Faculty of Medicine at 
Masaryk University (FM MU), who is currently Chair 
of the Coordinating Council of the MEFANET project. 
MEFANET’s reputation has gradually spread beyond 
the borders of the former Czechoslovakia, and the net-
work nowadays plays an important role in many re-
search projects and activities across Europe and Asia. 
“During the 10 years of its activities, MEFANET has 
developed into an astonishing, internationally rec-
ognised body. MEFANET made it possible for teach-
ers to create, to publish and to become accepted on an 
international level. Thanks to MEFANET, Czech and 
Slovak medical students now have access to attrac-
tive teaching materials from other faculties. I consider 
MEFANET to be more than just a Czech-Slovak insti-
tution; it is something that brings new and high-qual-
ity solutions to our future work”, concluded Assoc. 
Prof. Jaroslav Majerník from the Faculty of Medicine 
at Pavol Jozef Safarik University in Kosice – an impres-
sion which many other conference participants cer-
tainly shared with him.
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But let us return from looking back to the confer-
ence programme itself, because even celebrations of 
the 10th anniversary certainly were not a reason why 
participants should not share their news from the area 
of information technologies in relation to education of 
future doctors and healthcare professionals. Confer-
ence organisers maintained the programme scheme 
innovated in the last year, starting with two technical 
workshops on the first conference day. The first work-
shop – led by a team from the 1st FM CU, Academy of 
Science of the Czech Republic, and the FM MU – was 
focused on the development and assessment of tests. 
Workshop participants could get the feel of putting 

together a high-quality test and its individual items 
in a way which would objectively assess the students’ 
knowledge, and which would also distinguish between 
better and worse students. Practical examples were 
then discussed as to whether specific test questions 
(including their respective answers) seem to be well 
phrased or not, how difficult they are, and whether any 
modifications to those questions should be made. The 
second workshop, dedicated to the international pro-
ject MEDCIN, was prepared by FM MU representatives 
together with their foreign partners from the Karolin-
ska Institutet, Aristotle University, and St George’s, 
University of London. The MEDCIN project deals with 

 Komenda et al.

Figure 1. MEDCIN workshop Figure 2. Celebration of the MEFANET 
conference 10th anniversary

Figure 3. Celebration of the MEFANET 
conference 10th anniversary
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the parametrisation of medical education and with 
the standardisation of medical curricula, and the re-
spective workshop highlighted several of its important 
issues. Workshop participants could identify them-
selves with members of management of a new vir-
tual faculty of medicine. Foreign partners as project 
co-investigators also got the floor: they introduced the 
structure of education of general medicine at their in-
stitutions in Sweden, Greece, and the UK.

The second conference day was dedicated to lec-
tures and thus had a more traditional character. The 
day’s programme started with a symposium focusing 
on the education of nurses, particularly on its prac-
tical part in clinical settings. The speakers presented 
outcomes of several studies which took place at sev-
eral faculties of health sciences in the Czech Repub-
lic and Slovakia, and which assessed the students’ at-
titudes and experience with practical education and 
training in hospitals.

In the keynote lecture session, which followed the 
above-mentioned ceremony, the floor was given to 
two foreign guests. The name of Andrzej Kononow-
icz from the Jagiellonian University Medical College 
(Kraków, Poland) is well known to anyone interested 
in virtual patients. It is therefore obvious that the 
first keynote lecture was dedicated to this issue. Dr 
Kononowicz pointed out that the concept of virtual 
patients and simulations is not new at all: they have 
been mentioned in the literature since 1960s. Paradox-
ically, the most dynamic changes and development in 
this area over the last 50 years have not occurred due 
to technology, but thanks to the introduction of vir-
tual patients and simulations into the education pro-
cess. Many studies have been published since then, 
undoubtedly supporting the use of this form of edu-
cation, but also debunking numerous myths and ex-
pectations which often come along with new tech-
nology. The second speaker, Luke Woodham from St 
George’s, University of London, focused on another 
current pedagogical phenomenon: the so-called Mas-
sive Open Online Courses (MOOCs). These interactive 

online courses enable hundreds to thousands of users 
to learn a specific topic simultaneously, which surely 
makes sense in quite a few disciplines and topics. On 
the other hand, medical education often requires more 
formal and detailed assessment of students as well as 
personal interaction, and this is where MOOCs en-
counter certain obstacles. However, one must always 
keep in mind that any technology only provides tools, 
and that the manner and effectiveness of using them 
are up to the user.

The topical session was dedicated to technology and 
e-learning in radiology, and was held under the aus-
pices of the Czech Radiological Society. Despite the 
fact that a number of modern branches of medicine 
are based on imaging techniques, which thus play an 
essential role, education in radiology is inadequate: in 
the curriculum of general medicine, the duration of 
courses dealing with radiology is very short, if there 
are any courses at all. To give just a few examples, the 
speakers pointed out a poor education in the area of 
indication of correct techniques, and warned about 
relatively strict legislative requirements, which re-
strict the practical part of training. Although CT, MRI 
or ultrasound images are frequently found in teaching 
materials of other clinical disciplines, it will be quite 
a long way for radiology itself to adopt modern teach-
ing approaches.

The conference was concluded by a session dedi-
cated to short communications, presenting specific 
news, methods and tools that have been developed and 
are currently available at individual faculties of medi-
cine and faculties of health sciences. It is surely worth 
mentioning that each author presented either an in-
teresting software tool or an elaborate analysis of a 
large dataset – all of these contributing to the support 
of medical education based on modern technologies.

More details on the conference, including a photo 
gallery and presentations for download, are available at 
http://www.mefanet.cz/index-en.php?pg=conference.

MEFANET, the Czech-Slovak network of medical faculties, celebrated a jubilee

Figure 4. Andrzej KonowiczFigure 5. Luke Woodham
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AbstrAct — The Ministry of Education Youth and Sports approved a unique 
project of Masaryk University to build a simulation centre for future physicians. 
The concept of the project was introduced on 8 June 2017 at a faculty conference 
which focused on the topic of reorganization of education and the Simulation Com-
plex of Masaryk University.

The planned concept will fundamentally affect both present and future med-
ical programmes. The Simulation Centre is unique by its complex view on med-
ical curricula by incorporating the state-of-the-art elements of simulation medi-
cine into ordinary teaching. Each room, simulator or learning aid will have a firm 
place in the learning process.

The Simulation Centre (SIMU) project aims to up-
grade the teaching of  MU medical programmes 
through the implementation of advanced features of 
simulation medicine into ordinary teaching.

During the project implementation (4/2017 – 
9/2022), the curriculum will be revised with focus 
on the General Medicine and Dentistry study pro-
grammes. The planned revisions will overlap into 
the curricula of other non-medical programmes in 
future. Revisions will mostly impact the practical 
part of teaching, which will be expanded to include 
a comprehensive range of simulation teaching meth-
ods, using patient’s simulators, mannequins and vir-
tual and standardized patients. Emphasis will also be 
placed on the development of soft skills, highlighting 
21st century skills such as communication and deci-
sion-making skills, critical thinking, clinical reason-
ing, crisis communication and teamwork.

Introduction of these new teaching methods will 
place high demands on infrastructure equipment such 
as specialized lecture rooms, simulation of the 

hospital environment, high-fidelity simulators, 
etc. Consequently, a new buidling for the Simulation 
Centre will be constructed as part of the project in 
order to meet the above-mentioned spatial and mate-
rial requirements.

SIMU is unique in:

 ▶     the scope and approach in the introduction of 
simulation methods into teaching,

 ▶     the standardization of teaching and its 
continuous assessment,

 ▶     the introduction of Objective Structured 
Clinical Examination (OSCE),

 ▶     the wide spectrum of simulation methods,
 ▶     increasing efficiency in practical training,
 ▶     the centralization of simulation methods 
into one location (simulation of hospital 
environment),

 ▶     the simulation of authentic hospital and pre-
hospital environment,

 ▶     specialized equipment covering a wide range 
of pedagogical and simulation methods.
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virtual patient
debriefing 21st century skills simu-
lation centre
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Figure 1. Simulation Centre visualization

SIMULATION – NEW TREND  
IN EDUCATION

Continuous development and innovation in modern 
medicine have steadily increased the volume of knowl-
edge and the number of procedures with which the 
medical students must be acquainted. This compels 
lecturers to enrich and to expand the syllabus with 
new information and methods, thus greatly increas-
ing the volume of teaching material. Although stu-
dents are theoretically impeccably prepared, they 
often have difficulties in using the acquired knowl-
edge in practice. At the same time, changes in the 
structure of healthcare mean that part of the inpa-
tient care is transferred to the outpatient sphere and 
consequently, the time that students can spend in con-
tact with patients has been increasingly limited. Stu-
dents are merely in the role of observers, not being 
able to independently carry out tasks that they only 
know theoretically. Another problem is that the prac-
tical training of medical students takes place in faculty 
hospitals. Patients coming to medical facilities of this 
type usually have very specific and complex diagno-
ses, which are not suitable for teaching purposes. As a 
result, students lack training in basic skills, and their 
practical training may not be fully consistent with the 
theory currently being studied.

 

The SIMU project addresses these issues, focusing 
particularly on innovation, development and improve-
ment of practical teaching.

Students who will complete the modified study pro-
cess will have better practical skills, more experiences 
and a better ability of independent decision-making. 
They will be able to get involved in the working pro-
cess more quickly and easily and their teamwork abil-
ity will improve.

PEDAGOGICAL METHODS 
PLANNED IN SIMU

We will not change what to teach but how to teach.

Problem-based learning / team-based 
learning

Problem-based learning represents a teaching style 
designed for a student who learns by developing his/
her own solution(s) to a given problem. Compared 
to the traditional teaching method, its main advan-
tages involve an effective solution of the problem and 
teamwork training. Working in groups, students dis-
cover what they really know, what they should know, 
and how and where to acquire more information that 

The simulation centre of European significance will be built in Brno
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Figure 2. Simulation Centre building

will help them solve the given problem. The lectur-
er’s role is not teaching but guiding the group towards 
the solution.

During the tutorial, students will be divided into 
small groups of 2–4 students. In these groups, they will 
examine a virtual patient (e.g. AKUTNĚ.CZ, Sepsis-Q.
cz, or branched virtual patients authored in Open Lab-
yrinth) node by node, and they will jointly discuss and 
select a suitable procedure, which will be subsequently 
presented and defended before the whole group. The 
lecturer will act as a discussion facilitator, guarantee-
ing the accuracy and completeness of the pathophysi-
ological mechanisms and supplementing the outcomes 
with clinical context.

Virtual patient

Virtual patient is an interactive computer simula-
tion of a real clinical situation or a case created for 
medical and health education purposes. It supports the 
acquisition and training of skills such as clinical deci-
sion-making, clinical reasoning and critical thinking. 
Virtual patients facilitate self-directed learning and 
enable students to prepare for lectures or other teach-
ing/learning sessions. Any incorrect options taken 
during the management of a virtual patient leads to 

an explanation; the student always receives an imme-
diate feedback.

Simulation

Simulation is one of the most progressive forms of 
teaching because it has clearly definable and measur-
able objectives. Simulation makes it possible to prac-
tise repeatedly. It also provides the option of making 
mistakes without any consequences, which, in real 
life, could be fatal. In a simulation, mistake is consid-
ered as an opportunity to learn.

As part of the feedback (debriefing), the student's 
approach is discussed and its strengths and weak-
nesses are assessed. A detailed analysis of different 
key situations arising during the simulation is an im-
portant part of debriefing; audio-visual recording is 
edited in real time and tagged using key marks. The 
lecturer’s personality is an important factor. Lectur-
ers must be fully competent in solving the given clini-
cal situations and must be familiar with strengths and 
limitations of any simulation media that will be used 
in teaching.
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The simulation centre of European significance will be built in Brno

VISION OF THE SIMULATION 
CENTRE

Through the involvement of advanced elements 
of simulation medicine in education, the Simulation 
Centre aims to become the leading workplace in the 
field of medical education in the Czech Republic. 

“We knew what the student went through ...
... now we will know how the student has gone 

through.”
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