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Abstract The aim of this paper is to find out whether there is a
statistically significant relationship between burnout syndrome and
job demands among workers in Child and Family Centres in
Slovakia. The research sample consisted of 105 workers of Child
and Family Centres. Burnout assessment tool and Job demand
resources questionnaires were used for data collection. By analyzing
the research data, we found that workers exhibit moderate levels of
burnout and identified correlations between the burnout syndrome
dimensions and the job demands dimensions.

Kli¢ova slova burnout, job demands, socid workers, child protection

1. INTRODUCTION

The need to perform gainful activity brings with it both positive and
negative phenomena. When performing any type of work and any
job position, periods full of success, rewards, peace, a sense of
satisfaction from a job well done usually aternate with periods full
of stress, falls, failures or the need to solve various problems and
crisis situations. It is important for every person to experience a
certain level of stress because it represents a catalyst for them,
motivating them to act, or aso protecting them in threatening
situations. If the working environment and working conditions
represent a long-term and unmanageable stressor for a person, this
can lead to a decrease in work performance, disgust with their own
work or profession or even to the so-called burnout syndrome.

1.1 Definition, origin and symptoms of burnout syndrome

The term “burnout” was first used in the 1970s by the American
psychologist Herbert Freudenberger. In general, this term is used to
describe an unfavorable state of an individua as a response to the
inability to cope with the effects of long-term workload (Parker et
al., 2022; Morovicsova, 2016; Leiter, Bakker, Maslach, 2014). The
World Hedth Organization (2019) included burnout in the 11th
revision of the International Classification of Diseases as an
occupational phenomenon characterized by three dimensions:

=  feelings of energy depletion or exhaustion,

= increased mental distance from one's job, or feelings of
negativism or cynicism related to one'sjob,

=  reduced professional efficacy.

The authors Leiter, Bakker and Maslach (2014) state that the
presence of the following phenomena most often contributes to the
development of burnout syndrome: workload, perceived lack of
control, lack of reward and recognition, poor relationships, lack of
fairness and value mismatch. Thus, burnout does not occur
unexpectedly and randomly, but is triggered and influenced by
specific factors in combination with the individual's ability to face
them, deal with them and respond appropriately to them. The whole
process of burnout syndrome has several phases. The first is the
enthusiasm with which a person comes to a new job. The second
phase is stagnation, representing the confrontation of the individual's
expectations and ideals with the presence of negative or
demotivating factors and job demands. If the individua fails to
successfully accept and adapt to this negative reality, the frustration
phase comes next, characterised by experiencing physical and
mental exhaustion and dealing with the existential question - what is
the meaning of my work? An important aspect at this stage is al'so
reciprocity, i.e. whether the individual feels sufficiently rewarded
for his or her work performance. If there is no change in job
demands or change in the individual's attitude, the apathy phase
occurs, in which the individual identifies with the premise that there
isno point in trying hard at work, being proactive or doing activities
beyond the scope of his or her job, which is the final step towards
the onset of the last phase, the burnout syndrome itself
(Haskovcova, 2007; Rush, 2003). However, we encounter various
models of burnout in the literature. Given the differences between
the individual models, we will not describe them in more detail, but
only offer an overview in the following table:

Table 1: Models of Burnout (compiled by Nuallalong, 2012)

Freudenberger, North | Girdinetd. (1996) | Milles, Smith

(1986) (1993)

1. A compulson to| 1l Sressaousd | 1. The
prove onedf 2. Energy Honeymoon

2. Working harder consrvation | 2. The

3. Neglecting  their | 3. Exhaudion Awakening
needs 3. Brownout

4. Displacement  of 4. Ful Scde
conflicts Burnout

5. Revisonof values 5. The Phoenix

6. Denid of emerging Phenomenon
problems

7. Withdrawa

8. Obvious behaviora




GRANT journal
ISSN 1805-062X, 1805-0638 (online)

EUROPEAN GRANT PROJECTS | RESULTS | RESEARCH & DEVELOPMENT | SCIENCE

changes
9. Depersondization
10. Inner emptiness
11. Depresson
12. Burnout syndrome

We also find differences in the perception of burnout syndrome in
discussions about categorizing its symptoms (See Table 2). To
approach and better understand them, we have chosen the concept of
the authors Schaufeli and Enzman (1998), who talk about burnout
syndrome being manifested in five levels - physical, affective,
cognitive, behavioral, motivational.

Table 2 List of burnout symptoms according to different authors

Schaufeli, Poschkamp | Freudberger Madach, Jackson
Enzman (2013) (1981) (1981)

(1998)
physica,
affective,
coghitive,
behavioral,
motivational

emotional
exhaustion,
depersondization,
fedings of low
performance

physicd,

coghitive,
emoationdl,
behavioral

fedings of
generd
exhaustion,
dienation and
isolation,
cynicism,
emptiness,
impatience and
irritability,
distrust and
suspicion, loss
of purpose,
direction and
motivation,
various
psychosomatic
phenomena,
depresson

Physical symptoms of burnout can include, for example, loss of
energy, fatigue, insomnia, problems faling adeep, digestive
problems or migraines, but also more serious diseases such as
diabetes, weakened immunity, high blood pressure and others.
(Poschkamp, 2013; Melamed et al., 2006a; Melamed et al., 2006b).
Affective symptoms include depressive mood, anxiety, being
oversensitive, agression, decreased emotional control and others
(Schaufeli, Enzman, 1998). The category of cognitive problems
includes forgetfulness, lack of concentration, insufficient ability to
solve problems or more complex tasks, suspiciousness, paranoia, a
feeling of being unappreciated, etc. (Poschkamp, 2013; Schaufeli,
Enzman, 1998). At the behaviora level, problems such as
tendencies towards hyperactivity, procrastination, increased
incidence of interpersonal conflicts due to the individua's
aggression, frequent absence from the workplace, reduced work
performance, excessive alcohol consumption or overeating usually
occur (Morovicsova, 2016; Poschkamp, 2013; Schaufeli, Enzman,
1998). The category of motivational symptoms includes problems
such as resignation, demoralization, loss of interest, loss of work
motivation, or aversion to the job (Nuallalong, 2012).

1.2 Burnout syndrome and helping professions

The American Psychological Association (2022) found in its
research that 79% of working American adults have experienced
work-related stress in the past month. Many of them report a lack of
interest in work, lack of motivation, and a decrease in energy as
negative consequences of this work stress. More than 35% of them
also reported cognitive fatigue, 32% emotional exhaustion, and 44%

Vol. 14, issue 01

reported physical fatigue. Similar findings were aso reported by
Gallup (2020), which reports that 76% of employees experience
burnout at work at least sometimes and 28% of employees say they
are burned out at work very often or always.

Several authors (Fuseini, 2024; Szilagyi, 2021; Stosic, et a., 2021;
Skovholt, Trotther-Mathison, 2016 and others) have focused their
research on measuring burnout syndrome among helping
professionals because their work is specific in that they work with
people on adaily basis and help them resolve often very difficult life
situations. The authors Kéverova and Raczova (2017), in relation to
the performance of the helping profession, report an increased risk
of burnout syndrome due to work stress, compassion fatigue and
long-term performance of the helping profession. Their research
findings confirmed that burnout syndrome is more likely to occur in
helping professionals with longer experience. At the same time, the
authors Zat'kova and GaZikové (2024) came up with the finding that
burnout syndrome is more common in younger helping
professionals, specifically in the age group of 22 to 35 yearsold.

In the existing scientific knowledge, we also encounter the premise
that burnout syndrome can be caused or influenced by the work
environment and the work demands that are placed on workers.
Based on this, it can be argued that phenomena such as workplace
bullying (Munn, L. T. et a. 2024; Sochos, Rossiter, 2024),
inadequate social support in the workplace, work overload, poor
workplace relationships, inadequate resources, etc. (McFadden,
Campbell, Taylor, 2014) can be predictors of burnout syndrome.

On the basis of the above mentioned facts, we set the aim of our
paper to find out whether there is a statigtically significant
relationship between burnout syndrome and job demands among
Child and Family Centres workersin Slovakia.

2. METHODS

We used the Burnout Assessment Tool (BAT) questionnaire
developed by Schaufeli et al. (2020) to collect the research data
This questionnaire maps two symptom domains of burnout
syndrome - core symptoms (exhaustion, mental distance, cognitive
impairment, emotional impairment) and secondary symptoms
(psychological complaints, psychosomatic complaints). We chose
the Job Demand Resources (JDR) questionnaire (Bakker and
Demerouti, 2017) to investigate the status of job demands placed on
staff at Child and Family Centres, which are considered predictors
of burnout syndrome. In both sections, respondents rated each
variable on a 5-point Likert scale (1 = never, 2 = rarely, 3 =
sometimes, 4 = often, 5 = aways).

In analyzing data we used Crombach's alpha reliability test and
Spearman's correlation test. We used both tests in accordance with
the nature of the particular data appearing in it. Statistical analysis
was performed using SPSS 22 software.

We sent an electronic questionnaire to 111 Child and Family
Centres in the Slovak Republic. We sent emails to the directors of
the facilities with a request to distribute them among the
professional staff of the facility.

The research sample consisted of 105 respondents (n=100 women,
n=5 men) with an average age of 45.03 years, with the youngest
respondent being 24 years old and the oldest being 69 years old..
The largest group in the sample in terms of region were respondents
from the KoSice region, who made up 29.5% of the sample.
Conversely, the smallest group were respondents from the Trnava
region, who made up 4.8% of the sample. The majority of
respondents work in an ingtitution established by the Office of
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Labour, Socia Affairs and Family (77.1%), a smaller proportion of
respondents work in an institution established by an accredited
entity (14.3%), and the smallest group were respondents who work
in an institution established by alocal government (8,6%). In terms
of length of experience in the current job, the sample averaged 11.6
years. The shortest experience was less than a year and the longest
was 40 years.

3. RESULTS

Before proceeding to test our research question, we calculated the
reliability of each dimension of both parts of the questionnaire.
Based on the reliability test conducted, we found that all items of the
BAT questionnaire in the respective dimensions have very good
coherence (o > 0.8). In the case of the JDR questionnaire, the
coherence is lower (a < 0.8). Significantly lower reliability was
found for the items "emotional, mental and physical demands" (a =
0.487) and "harassment" (o = 0.335).

Table 3 Reliability test of dimensions

Vol. 14, issue 01

g‘fgalrlg 105 | 1,8000 | 20000 97468 1176 433 300 [ 100 | 400
Harassment 105 | 11143 | 1,0000 19312 1549 | 1385 75 100 | 175
Rediprodity 105 | 28857 | 30000 | 113776 | -251 | -972 | 400 | 1,00 | 500
Roledarity 105 | 46476 | 50000 57145 1,2;59 3418 | 267 | 233 | 500
Team spirit 105 | 41571 | 45000 91545 -80 | -217 | 300 | 200 | 500

(N = number of observations, m = mean, Md = median, SD =
standard deviation, Sk = Skewness, Ku = Kurtosis, R = range, Min
= minimum, Max = maxi mum)

The results show that respondents report higher mean score within
the BAT questionnaire in the “exhaustion” dimension (M=2,6544),
in which they expressed their agreement or disagreement with
statements such as “At work, | feel mentally exhausted”, “When |
exert myself at work, | quickly get tired”, “At the end of my
working day, | feel mentally exhausted and drained” etc. The second
variable with a higher mean score is the "psychological complaints®
dimension (M=2.0114), in which respondents confirmed the
presence of stress, worry or panic attacks. Higher scores were aso
observed in the "psychosomatic complaints' dimension (M=1.9638),
which includes symptoms such as frequent illness, headache, muscle

Crombach's N of items P -
Alpha () pain, indigestion, etc.
BAT Dlimen3|ons Within the dimensions mapping the status of job demands, the items
Exhausthn 0,882 8 "role clarity” (M=4.6476) and "team spirit" (M=4.1571) reached the
Mental Distance 0,804 S highest value, which can be considered as a positive and desirable
Cognitive Impairment 0,873 S phenomenon in the workplace. On the contrary, among the negative
Emotional Impairment 0,824 S phenomena, "emotional, menta and physicd demands'
Psychological Complaints 0,813 5 (M=3.6095), "work overload" (M=3.4929) and "burreaucracy”
Psychosomatic Complaints 0,833 5 (M=3.3333) had the highest scores.
JDR Dimensions
Work overload 0,801 4 As mentioned above, the main objective of our paper is to determine
Emotional, mental and 0,487 3 whether there is a statistically significant relationship between the
physical demands burnout dimensions measured by the BAT questionnaire and the job
Bureaucracy 0,704 3 requirement dimensions measured by the JD-R questionnaire. For
Role Conflict 0,768 3 further analysis, after taking into account the tests of normality of
Harassment 0,335 4 the data distribution and the nature of the variables, we used the
Role clarity 0,792 3 non-parametric Spearman's correlation test, the results of which are
Team spirit 0,912 2 presented in the table below.
Descriptive analysis was conducted to better understand the Table5 Spearman'srank correlation coefficient
structure of the data obtained using the BAT and JDR Ve | Cogiive | B | Pyddoged | Podummic
guestionnaires. The following table summarizes the basic statistical BAaoN | dsarve | inpemet | Inpement | cnpans | s
i v M ®D |@n| @an | @n | @n | @an
characteristics for each dimension of both parts of the questionnaire. Corda@an
Wokoweloed | Oodfiget | = | A7 | 3 29 L &
. . DR Sg (2tdled) 00 0oL 001 011 00 00
Table 4 Descriptive analysis results . = - T o T T o
‘ N ‘ M ‘ Md ‘ D | sk ‘ Ku R ‘ Min ‘ Max Erzmt;cr;; %@g 8 o B 54 15 1m
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We interpret the resulting correlation coefficients (p) reported in
Table 5 in line with Hinkle, Wiersma, and Stephen (2003), with
whom we can conclude that there is neither a very strong positive
relationship (p = 0.90 to 1.0), a strong positive relationship (p = 0.7
to 0.9), a very strong negative relationship (p = -0.9 to -1.0), nor a
strong negative relationship (p = od -0,7 do -0,9) between any of the
BAT dimensions and the JDR dimension. The highest value we find
in the table is between the dimensions "exhaustion” and "work
overload" (p=.504), expressing a moderately strong positive
relationship, which means that the higher the work overload a
person experiences, the higher his level of exhaustion. The
dimension "work overload" has a weak positive relationship with
several dimensions of BAT — ,,mental distance* (p=,317), ,,cognitive
impairment (p=,326), ,psychological complaints (p=,351),
,psychosomatic complaints* (p=,356). A weak positive correlation
also exists between the "personal conflict” dimension and the
"mental distance" dimension (p=325) and ,,emotional impairment*
(p=300). A low negative correlation exists between the dimension
"role clarity" and the dimensions "mental distance" (p=-.380) and
"cognitive impairment" (p=-.351), and also between the dimension
"team spirit" with the dimensions "mental distance" (p=-.329) and
"emotional impairment" (p=-.349).

4. CONCLUSION

The aim of our paper was to find out whether there is a statistically
significant relationship between burnout syndrome and the work
demands placed on the Child and Family Centres workers in
Slovakia. The results of the research show that the prevalence of
burnout syndrome among Child and Family Centres workersis at a
medium level in the area of exhaustion and psychologica
complaints and at a lower level in the area of psychosomatic
complaints, cognitive impairment, emotional impairment and mental
distance. In relation to work demands in the Child and Family
Centres workers, the variables role clarity and team spirit were
positively assessed. On the contrary, emotional, mental and physical
demands, work overload and bureaucracy are considered negative
factors.Correlation analysis also identified a moderate positive
relationship between exhaustion and work overload, a low positive
relationship between work overload and mental distance, cognitive
impairment, psychological complaints, psychosomatic complaints,
and also between personal conflict and mental distance and
emotional impairment. A low negative correlation exists between
role clarity and mental distance and cognitive impairment, and also
between team spirit and mental distance and emotional impairment.
We believe that the results of our research have at least partialy
contributed to the existing knowledge about the prevalence of
burnout syndrome among helping professionals and will contribute
to the development and expansion of the system of prevention of
this phenomenon.
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Abstract Contextual tasks in science education are essential for
students' development and their ability to apply knowledge to
solving real-world problems while utilizing scientific principles.
Based on the ongoing PISA results, new curricular documents, and
teachers perspectives, it is evident that these tasks support not only
critical thinking but also an interdisciplinary approach, creativity,
and problem-solving skills. Teachers face significant challenges in
implementing these tasks, which requires adequate support, training,
and sufficient time resources. The presented article showcases part
of the results of an electronic questionnaire-based research study
involving science teachers from primary and secondary schools in
Slovakia. The aim of the article was to conduct a quantitative
analysis of the actual implementation of complex contextual tasksin
the teaching process from the perspective of science teachers. The
research findings indicate that teachers strive to integrate complex
tasks into their lessons, as evidenced by their methodological
approaches in designing and applying these tasks in teaching.
However, the study also identified weaknesses that need to be
addressed in the teaching process to improve science education.

K eywor ds complex tasks, science education, competencies,
interdisciplinarity

1. THEORETICAL BACKGROUND

In Slovakia, in recent years, there have been several reforms and
changes in the field of education, which also concern science
education. New curriculum documents that have been implemented
or are in the process of implementation aim to modernise and
streamline the teaching of science subjects.

One of the most important documents is the New the State
Educational Programme (SVP), which has been updated at various
stages to respond to current challenges in education. This
programme focuses on creating a quality and flexible education
system that should be oriented towards the development of critical
thinking, problem-solving, and preparing pupils for life in the 21st
century (SVP 2024).

Curriculum changes in science education are focused on different
key areas. One of these is the integration of science subjects,
whereby education in areas such as physics, chemistry, biology,
geography and other natural sciences is increasingly interconnected
in an attempt to create a comprehensive picture of natural processes
and phenomena. An important area is the development of critical
thinking and the scientific approach. Here the emphasis is on
experimentation, observation and analysis, which seeks to develop
pupils ability to apply scientific ways of thinking. One way of
developing the scientific approach is to implement complex
contextual tasks in the teaching process.

A contextual task refers to an assignment in which a context of
interest to students, preferably real-life, is followed by severa tasks,
usually of increasing difficulty.

A characteristic feature of complex tasks is a longer introductory
text, which may be of a different nature, be it a newspaper article, an
etiquette, an information leaflet. It should essentially be a text that
pupils encounter in everyday life. It should take the form of a
coherent or less coherent text, which may include various tables,
graphs, maps, pictures, etc. When solving the questions or sub-
problems that follow the introductory text, which are of different
types, the pupils' task is to read and understand the text and use it to
find the answers to the sub-problems. Real-life contextual tasks
usually motivate pupils more than ‘classic’ word problems. In
addition, they can often be solved in different ways, which teaches
pupils to think independently and creatively, and they require
explanations as well as results, thus teaching pupils to argue.

Complex contextual tasks in science education are tasks that
integrate multiple science disciplines (e.g. chemistry, physics,
biology, geology, etc.) and require students to apply their knowledge
and skills in real-world or practical contexts. These tasks often
involve a problem that is related to everyday life or current issues
and is not solvable by the application of one simple formulaor fact.
Characteristics of complex contextual tasks:

1. Multidisciplinary in nature: these tasks typicaly require
students to apply knowledge from different science domainsin
away that reflects the interconnectedness of these disciplines.
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2. Problem-based approach: the task is based on solving a specific
problem that is relevant or redlistic, whether it is an
environmental, technological or socia topic. For example, the
question of how to reduce C®emissions or how to clean up
polluted water.

3. 3.Creative and critical thinking: Students must analyse a
problem, find solutions, design experiments or procedures,
interpret results, and critically evaluate their answers.

4. Applying theory to practice: tasks often require pupils to apply
specific theoretical knowledge to solve practical problems. This
means that these are real-life situations that are not just pure
theory but are linked to practical applicationsin everyday life.

5. Collaboration and Communication: In many cases, these tasks
are designed to have students work in groups and discuss
different approaches and solutions, which supports their skills
in teamwork and effective communication.

Tasks of this type have recently come to the forefront of interest
among teachers and experts in the field of didactics, they are caled
varioudly, e.g. complex tasks, multicomponent tasks or contextual
tasks.

The aim of the presented contribution is to analyse their real
implementation in the teaching process from the perspective of
science teachers, based on the need and use of complex contextual
tasks.

2. THENEED TO CREATE COMPLEX
CONTEXTUAL TASKSFROM A PISA
PERSPECTIVE

Interim results of PISA (Programme for International Student
Assessment) show a steady decline in the science literacy of Slovak
pupils. PISA emphasises not only memorisation of facts, but also
the ability to apply knowledge and skills in real, complex situations
(OECD 2020).

Analyses of the PISA tests have shown that pupils have problems
linking theoretical knowledge with practical problems. This finding
suggests that there is a need to focus on creating complex contextual
tasks that motivate pupils to apply the principles they have learned
in real-life situations (OECD 2018). Such tasks should:

1. Connect multiple science fields - students should be able to
integrate knowledge from physics, chemistry, biology and other
sciences to solve rea-world problems (e.g. problems related to
environmental issues or challenges related to new technologies).

2. Promote critical thinking and analysis - pupils should be able to
assess different possible solutions and identify the most
effective approaches, using knowledge from the natural
sciences.

3. Innovative approaches in assessment - traditional forms of
testing are increasingly being replaced by tasks that test pupils
ability to work with complex problems, explore hypotheses,
design experiments and interpret results.

4. Consideration of real-world problems - tasks should reflect the
challenges facing contemporary society, such as climate change,
energy efficiency, pollution, health and nutrition, biotechnology
and others.

The creation and implementation of complex contextual tasks could
make a significant contribution to improving this literacy and
prepare students for the challenges they face in a rapidly changing
and technologically advanced world (Dillon, Worsnop 2011).
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3. THE NEED TO CREATE COMPLEX
CONTEXTUAL TASKSIN THE LIGHT OF NEW
CURRICULUM DOCUMENTS

The focus of Slovak education in the 21st century is shifting from
memorising lessons and memorising isolated facts to systematic and
deliberate development of versatile and functional literacy in
accordance with the requirements of society, which can be applied
in everyday personal and social life and in meeting personal,
educational, cultural and social needs. This is because the breadth of
knowledge acquired is no longer sufficient. Teachers and pupils face
more demanding challenges: the depth of learning, the ability to put
things into context. This is what will enable 21st century people to
engage in complex challenges, adapt to new situations, take
responsibility and solve complex problems, critically engage with
information, create and collaborate in diverse teams.

In the first and second cycles, the learning area takes the form of a
science-focused integrated subject. In the third cycle, the school has
the option of continuing with full or partial integration of science or
teaching separate subjects (SVP 2024).

The main aim of the learning area is to develop science literacy so
that pupils can identify the science aspects of many complex
situations and apply not only science knowledge, skills and attitudes
but also the principles of cognition in science to these situations.
Pupils should be able to investigate and then make appropriate links
between knowledge and critical thinking by the end of Cycle 3.
With science literacy thus developed, they will be able to compare,
select, evaluate, justify and formulate explanations based on critical
analysis of results and reasoning.

Itiscrucia for teachers and curriculum designers to create tasks that
develop not only factual knowledge but also the ability to apply this
knowledge in different contexts. To thisend, it is necessary to:

= Improve school materials and textbooks - these should contain
not only theoretical knowledge but also tasks that support
application in practice.

=  Provide support to teachers in the development of complex
tasks - professional development of teachers is important for
the implementation of new methodologiesin teaching.

= Incorporate project-based and research methods - the use of
project-based methods, experiments and science papers can
help students better understand and apply science principles.

4. CREATING COMPLEX TASKSFROM TEACHERS
PERSPECTIVES

When solving the questions or sub-problems that follow the
introductory text, which are of different types, the pupils task is to
read and understand the text and use it to find the answers to the
sub-problems. Important prerequisites for the inclusion of complex
tasks in the classroom that must be fulfilled are, first of al, the
mastery of the reading technique, then the ability to understand the
text, evaluate what has been read, and solve a complex learning task
based on the text, which focuses on science literacy (Bellova 2018).

In solving these tasks, pupils apply reading literacy skills, whichisa
prerequisite for the development of science literacy (Vasilova,
ProkSa 2013). Currently, reading literacy is considered a key
competence that affects not only the level of reading, but also the
level and possibilities of pupils education in al subjects
(Korsnakova, Kovacova, Heldova 2010). Also, according to the new
curriculum, reading literacy is emphasised as a cross-cutting
supporting literacy for comprehension of different types of text, at
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severa levels - from explicit meanings through inferring implicit
meanings to critical evaluation of the text.

Complex tasks can be used not only as classical test tasks in the
diagnostic phase of teaching, but also as learning tasks during the
access and fixation of new material. The difference is that test tasks
of a complex nature serve for classical verification of pupils
knowledge and learning tasks help to deepen and broaden pupils
knowledge, thus also serving as supplementary learning.

Tasks can be of the following types:

= multiple-choice tasks - pupils choose one correct answer from a
choice of four or five options.

= complex multiple-choice tasks - pupils select one of the
YES/NO answersin aset of at least two questions.

= closed-ended multiple-choice questions - pupils construct their
own answer, but it isaone- or multiple-word answer.

= open-ended questions with answer formation - pupils answer in
their own words, it is a broad answer (Mandikova, Houfkova
2012).

5. COMPETENCESDEVELOPED THROUGH
COMPLEX CONTEXTUAL TASKS

Complex tasks often require a multidimensional approach, critical
thinking, creative andysis and synthesis, and are aimed at
developing multiple student competencies. These competences are
crucial for students success in today's society, which requires not
only factual knowledge but aso the ability to apply this knowledge
in different contexts. Complex tasks therefore often focus on the
development of the following competences:

=  Critica thinking and problem-solving pupils must analyse a
problem, identify relevant information and apply theoretical
knowledge to a concrete situation. Complex tasks promote the
ability to reason about different solutions and evaluate their
effectiveness (Zohar 2013).

= Interdisciplinary thinking: complex tasks often involve
different areas of knowledge (e.g., combining physics, biology,
mathematics, and chemistry), which allows students to see the
connections between the different subjects and gain a broader
perspective on the problem (Leschinsky 2017).

= Soft skills: In many cases, complex problems are solved in
groups, which promotes teamwork, effective communication,
and the sharing of ideas among students (Rosen 2017).

= Application and interpretation of knowledge: Complex tasks
allow pupils to apply theoretical knowledge to concrete real-
life situations. This transfer of knowledge from theory to
practice is essential for developing real-life problem-solving
skills (OECD 2018).

= Increase motivation and interest in the subject: complex and
contextually interesting tasks can increase pupils motivation by
showing them how science is used in the real world. When
pupils see that what they are learning has practical value and a
direct impact on their lives, they can be more engaged and
motivated to learn. In this way, they develop a stronger
relationship with the subject, which becomes more interesting
and relevant.

= Independence and self-reflection: Solving complex problems
requires pupils to work independently, set goals, plan their
actions and evaluate their results. This promotes their capacity
for self-reflection and autonomy in learning (Hattie 2009).
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6. RESEARCH METHODOLOGY

In order to meet the above objective, we needed to investigate
several aspects, which we set out in our research questions (RQs):

RQ1: What methodological approaches do science educators use to
implement complex contextual tasks in their teaching to support
students' cognitive and applied devel opment?

RQ2: Which pupils competences are developed during the teaching
process when solving complex tasks?

We have chosen a quantitative method in the form of an electronic
questionnaire. The created questionnaire was electronically
distributed to different types of schools, which we obtained in the
database of the Centre of Scientific and Technical Information of the
Slovak Republic (2023). We preferred random sampling as schools
were not selected, the questionnaire was sent to schools without any
preference. The first questions of the questionnaire contained
identification questions that helped us to further characterize the
sample of respondents (type of school, grades in which they teach,
subjects of interest). The research sample consisted of 95 science
teachers, of whom 70 teachers (74%) were from second cycle
primary schools, 17 (18%) from secondary schools and only 8 (9%)
from eight-year grammar schools.

The content questions in the questionnaire took different forms. We
included closed-ended multiple-choice questions for the sake of
precision, and their results were evaluated in terms of percentages,
using a five-point Likert scale. In some questions, there was the
possihility of ticking boxes, giving respondents the opportunity to
tick multiple answers as well as to express their own opinion or add
their own answer.

7. RESEARCH RESULTSAND DISCUSSION

To answer the two research questions (RQ1, RQ2), we created 8
items in the content section of the questionnaire.

RQ1: What methodological approaches do science educators use to
implement complex contextual tasks in their teaching in order to
support students' cognitive and applied development?

Thefirst research question concerned the following items:

1. Are contextual complex tasks part of your teaching? (choose
from 5 options)

2. At which stages of the lesson do you most often implement
them in your teaching? (comma boxes, choice of 4 options)

3. Your contextua tasks are in the nature of the following
activities: (comma boxes, choice from 6 options + cther...).

4. Do your complex tasks contain: (comma boxes, choice of 5
options + other).

From the first question, where we investigated the frequency of
including complex tasks in the classroom, we noted a positive
finding. The majority of educators reported that complex contextual
tasks are part of their teaching (93% overall - 73% definitely yes,
20% sometimes yes), indicating a positive attitude towards the use
of these tasks in the school process. This high percentage indicates
that teachers recognise the benefits of these tasks for pupils
development.

From the second question, we found that they most often implement
these tasks in the fixation phase of the teaching process (67%), i.e.
when practicing the material, this approach supports students
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cognitive development through repetition and application of the
learned material in real, practical contexts. In addition to the fixation
phase, teachers also use tasks in the diagnostic phase (39%), where
they are used to determine the level of learning, and in the exposure
phase (28%) when introducing new material. These approaches
indicate that complex tasks can be an effective tool for assessing and
developing prior knowledge, while also serving as a bridge between
new information and prior knowledge. The finding that complex
tasks are used less frequently in the motivation phase (22%)
suggests that educators are not likely to use these tasks as a primary
tool to motivate students, but rather to support them in other phases
of instruction where learning is being developed, practiced, or
diagnosed. Most teachers took the opportunity to indicate multiple
responses.

In the next two questions, we were interested in the form of the
tasks, what is the nature of most of their assignments in terms of
embedded activities and what elements they contain. Figure 1 shows
that the most common tasks are those where a variety of combined
information is given (80%). This approach is effective because it
stimulates students to analyse and synthesize different types of data
and information, which promotes their critical thinking and ability to
apply knowledge in the context of real-world problems. A high
proportion (over 83%) of the tasks contain experiments of different
types, which is very beneficia for the development of pupils
practical skills and experimental thinking. Experiments allow pupils
to gain direct experience and a deeper understanding of science
principles. Tasks that include demonstration experiments are used
by the teacher to visualy interpret natural phenomena. These
experiments are important for developing pupils imagination and
understanding of phenomena that are difficult to perceive without
practical demonstration. On the other hand, teachers also encourage
tasks that involve pupil experiments, where pupils undertake the
majority of the activity, promoting independence, experimental
skills and developing pupils ability to work with rea life science
problems.

Contextual tasks include

Working with PC:
Calculations:

E— 33%
6%
Working with the map: = 7%
Pupil experiments: m— 40%
Demonstration... mE— 53%
Working with different... nea—————— 30%

Figure 1 Visualisation of how complex tasks are divided according
to different types of learning activities

The low percentage of teachers who reported activities such as PC
work (33% of teachers), calculations (26%) and map work (7%)
may have several reasons:

= Insufficient technical equipment - not all schools have enough
computers or software to work effectively with PCs in the
context of teaching.

= Limited digital skills of teachers - some teachers do not have
sufficient experience in using digita tools for teaching and
therefore do not use them frequently.

= Traditiona teaching methods - many teachers still prefer
traditional teaching methods (lecturing, writing on the board),
which reduces the space for interactive activities.
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= «Timeconsuming - preparing tasks involving PC work,
calculations or map work can be more time-consuming than
conventional teaching methods.

=  Low support from the state or school management - if teachers
do not have sufficient support (training, methodological
materials), this can lead to lower implementation rates of these
activities.

= Lack of teaching materials - if there are no quality and
accessible resources, teachers may struggle to incorporate these
activities into the classroom.

As mentioned above, complex tasks should include a variety of
motivational elements in addition to the continuous text, so we
asked our respondents which elements are included in their tasks,
and the following was found from the responses:

The majority of educators (93%) include images in their complex
assignments, indicating that visual materials are seen as an
important tool to promote student understanding and interest.
Images are an effective way to make information accessible and
support cognitive processes such as memorization and analysis. 73%
of teachers reported using tables and 45% graphs. These elements
are key to organizing information systematically and simplifying
complex data. The use of tables and graphs supports students
analytical thinking and ability to interpret and present data. Video-
cues are part of the assignments for 40% of educators. Thisformat is
useful for visualizing dynamic processes or phenomena that would
be difficult to explain with text or pictures alone. Video-cues can
help students better understand theoretical concepts through
illustrative and interactive examples. Maps are used in only 7% of
the tasks, indicating that their integration into the classroom is not
common. Nevertheless, they can be useful, especialy in subjects
such as geography or biology, where it is important to understand
spatial and geographical relationships. The 'other' option was not
used by any teachers, suggesting that educators most often rely on
traditional and well-established forms of visual and data materials
such asimages, tables, charts and video clues.

Evaluation of RQ1:

The majority of educators reported that complex contextual tasks are
part of their teaching, indicating a positive approach to the use of
these tasks in the school process, applying different activities such
as working with information and different experiments in the tasks
(see Figure ).

Other findings show that educators prefer visual and data elements
in the design of complex tasks, which promote understanding and
increase students motivation. The use of images and tables is very
common, while video cues and maps are used less frequently, which
may suggest scope for their wider inclusion in the classroom.

RQ2: Which competences are devel oped during the teaching process
when pupils solve complex problems?

The second research question covered the following items:

1. Your contextua tasks focus on: (comma boxes, choice of 6
options + other).

2. Incomplex tasks, students develop the following competencies:
(comma boxes, choice of 8 options + other).

3. Areyour pupils able to understand the task/example - are they
able to read comprehension in contextual tasks? (five-point
bipolar Likert scale).

4. Are your contextual tasks interdisciplinary in nature? (five-
point bipolar Likert scale).
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The above items refer to the competences students develop during
these tasks. Based on the percentage data, we created Table 1 to
better visualize the responses and to evaluate the differences
between the different aspects of the students' cognitive abilities and
competencies. We asked which processes; competencies are targeted
by the pupils' tasks.

Table 1 Responsestoitem 5

Evaluation aspect Per?;:)t age
Students' cognitive knowledge (content) 87
Practical skillsand abilities 66
Competencies of scientific work, procedures of cognition (procedural) 27
Reasoning about knowledge produced by science (epistemic) 20
Formation and development of attitudes towards the environment 40
Metacognitive processes 20

Cognitive knowledge of students (87%) has the highest proportion,
indicating that students show strong content knowledge. This aspect
is clearly the strongest, indicating that pupils are strong in
theoretical knowledge, information and memorization.

Practical skills and abilities (66%) are also at a reasonably good
level, but there is room for improvement in the ability to apply
knowledge to practical situations. This suggests that pupils have a
good foundation but are not aways able to use their knowledge
effectively in practice.

Competences in scientific work, cognitive practices (27%) are at a
low level, which means that pupils are hardly familiar with scientific
research procedures, critical thinking, analysis and creation of new
knowledge. This aspect is the weakness where there is the most
room for improvement.

Reasoning about knowledge generated by science (20%) also
indicates that students have weak skills in understanding and
applying the scientific method and justifying theories, which is
important for the development of scientific thinking and reasoning.
Metacognitive processes (20%) is the lowest ranked aspect. This
shows that pupils have large reserves in self-reflection and the
ability to regulate their own learning process, which is crucial for
the development of independent and effective learning.

The formation and development of attitudes towards the
environment (40%) indicates that pupils have an average ability to
develop critical and positive attitudes towards the world and society.
There is potential for improvement in the area of values education
and engagement with social issues.

In the next question, we were interested in the specific competencies
pupils develop from the perspective of their teachers. We have
neatly ordered the results in Table 2 and then analysed the
individual responses.

Table 2 Responsesto item 6

. Percentage
Competencies (%)
Ability to develop and use scientific thinking and
understanding to solve a variety of problems in 80
everyday situations

Ability and willingness to explain natural phenomena
using basic knowledge

Developing skills to ask questions and draw evidence- 53

60

Vol. 14, issue 01

) Per centage
Competencies (%) 9
based conclusions
Ability to reflect on one's own personality 13
Manage time and information effectively 20
Work constructively with others 60
Interest in ethical issues 0

33

Promoting safety and environmental sustainability

The results highlight strengths and wesknesses in different
competency areas. Ability to develop and use scientific thinking
(80%) - this high percentage indicates that there is a good ability to
apply scientific knowledge to solve problems in everyday life. This
competence is key to analytical thinking and the ability to solve
problems based on facts (OECD 2018).

Ability to explain natural phenomena (60%) - the result obtained
shows a solid level of understanding of basic science principles and
their application to interpret phenomena (Harlen 2018). Constructive
collaboration (60%) - this outcome reflects the ability to work
effectively in ateam and collaborate with others, which isimportant
for both professional and personal development (Johnson, Johnson
2017). Self-reflection (13%) - the low ability to reflect on one's own
personality indicates the need to develop introspective skills, which
are important for personal growth (Brown 2020).

Effective time and information management (20%) - this outcome
indicates problems with work organization and information
processing, which can negatively impact performance in a variety of
areas (Covey 2019). Interest in ethical issues (0%) - a complete lack
of interest in ethical issuesindicates that this areais not perceived as
important, despite its importance in society and in decision-making
processes (Singer 2011).

Promoting safety and environmental sustainability (33%) - the result
suggests low engagement with environmental and safety issues,
which may be a risk factor in the current era of environmental
challenges (Rockstrom et al. 2009).

The results suggest that pupils excel in applying scientific thinking
to solve practical problems, but perform poorly in metacognitive
processes, ethical issues and environmental sustainability. Based on
these findings, there is a need to focus on improving these areas in
order for pupils to become complex and responsible problem
solvers.

As pupils need to analyse a problem, identify relevant information
and apply theoretical knowledge to a specific situation when solving
complex problems, they need to understand the text, be able to read
with comprehension, so we have included a multiple choice question
in the competency interview, "Are your pupils able to understand
the task/example - can they read with comprehension in context
tasks?' 72% of the teachers gave an affirmative answer, only 6%
disagreed and 22% gave a negative answer.

The majority of teachers (72%) reported that pupils are able to
understand the task, with 6% answering 'definitely yes and 66%
'sometimes yes. This result suggests that in the vast mgjority of
cases pupils are able to read and understand the tasks, but that thisis
not always a full understanding in every case. The answer
'sometimes yes may indicate that pupils can read with
understanding in some cases, but in other situations they may
struggle, such as in the case of more complex tasks, ambiguous
instructions or multi-step tasks.
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Only a small percentage of teachers (6%) were undecided, which
may indicate that in some cases they did not have enough
information or observations to give a clear answer. This may also
indicate a diversity in teachers experiences in different classrooms
where pupils reading comprehension skills may vary.

Almost a fifth of teachers reported that pupils were unable to fully
understand the task, with 16% indicating a response of 'probably not'
and 6% 'definitely not'. This negative view may be an indicator of
various factors such as the inadequacy of the task, the complexity of
the task, the ambiguity of the task, the language difficulty, the
teaching methods, and so on.

The final questions that can illuminate our answers to VO2 focus on
students' interdisciplinary thinking that can promote understanding
of science concepts (Bellova; Culkova, 2024). We asked, "Are your
contextual tasks interdisciplinary in nature?"

The finding that 27.8% of teachers say they definitely use
interdisciplinary relationships suggests that some educators are
actively integrating a variety of subjects into their teaching. This
approach promotes a broader understanding of the curriculum and
its application in different contexts. As many as 72.2% of teachers
reported that they sometimes use interdisciplinary relationships.
This means that the mgjority of educators perceive interdisciplinary
connections as a useful tool but seem to apply them in specific
situations or when needed. This approach shows that teachers have
some flexibility in implementing interdisciplinary connections, but
they are not necessary for them in every task.

No one reported ever using interdisciplinary relationships,
suggesting that most teachers perceive the value of combining
subjects at least occasionally. This fact suggests a growing interest
in subject interconnections, which is important for comprehensive
understanding and real-world application of knowledge.

Evaluation of RQ2:

Based on the evaluation of the four items (focused on RQ2), it is
evident that students excel in cognitive knowledge (87%) and
practical skills (66%) while solving complex problems. However,
significantly weaker scores are given in the areas of metacognition,
scientific practices and epistemic processes, where intensive
improvement is needed. The overall picture suggests that more
attention needs to be paid to developing students' ability to think
criticaly, regulate their learning and apply their knowledge in
scientific and practical contexts.

Based on the assessment of pupils competence in complex tasks, it
is evident that pupils have strong skills in applying scientific
thinking to solve everyday problems (80%). However, in other areas
such as critical thinking, self-reflection, time management and
effective collaboration, more attention and development of these
competencies is needed. Significantly low scores in the areas of
ethical issues (0%) and the ability to reflect on one's own personality
(13%) indicate a need to focus on improving these aspects, which
are key to complex problem solving and responsible decision
making.

We can dso state that most pupils are able to read with
comprehension in contextual tasks, but thisis not aways a seamless
understanding. Around 22% of teachers reported problems with
pupils reading comprehension skills, which may be due to the
complexity of the tasks, the difficulty of the language or the lack of
clarity of the task. These findings support research on reading
comprehension, which suggests that it is a skill that requires
systematic practice and support from teachers.

Vol. 14, issue 01

From the last item, we found that although the full and regular use
of interdisciplinary relationships is not entirely common among all
teachers, most educators integrate them into their teaching at least
occasionally. This suggests that interdisciplinarity is perceived as a
valuable tool to support students holistic devel opment.

Research limitations:

The research results presented here are only part of a quantitative
research study focusing on contextual tasks, their design,
implementation, advantages, disadvantages and barriers from the
teachers perspectives. Further evaluation will include comparison
with published research by Slovak and foreign authors. Also, a
combination of quantitative and qualitative methods would be very
beneficial, which can give us a more comprehensive view of the
effectiveness of using contextual tasks in science teaching. Such as
conducting interviews or focus groups with science teachers to
identify effective methodological approaches.

8. CONCLUSION

Incorporating complex contextual tasks into science teaching is key
to devel oping the competencies needed for the 21st century, such as
criticl  thinking, problem  solving, collaboration and
interdisciplinary thinking. These tasks not only foster a better
understanding of science concepts but also prepare students for the
real-world challenges they will encounter in their personal and
professional lives. As several studies and scholarly articles have
shown, the implementation of complex tasks has a positive impact
on student learning and engagement.
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Abstract The requirements of present-day international educational
policy call for the use of effective assessment, the aim of whichisto
support the development of every learner and improve their learning
process. In the educational process of primary education, one of the
options for meeting these goals is formative assessment, which is
considered an assessment for learning and not an assessment of
learning. The presented paper deals with formative assessment at the
primary level of education and its aim is to present the results of
research dealing with the awareness of primary education teachers
about formative assessment and its application in the educational
process.

K eywor ds Formative assessment, primary education, teacher

INTRODUCTION

Assessment is a key tool that teachers can use to influence the
development of learners personalities, their motivation and their
ability for lifelong learning. It is an essential part of the educational
process and has a motivational, informative, comparative, and
corrective function, while it should aso positively support learners
healthy self-confidence. In this context, it is therefore important that
assessment is not limited to checking the results achieved, but that it
becomes primarily a way to support and discover the potential of
students. Traditional approaches to school assessment, which have
dominated in Slovakia, emphasise summative assessment of the
results of the students learning process in the majority of cases.
This focus restricts the understanding of a learner’s current
developmental stage and the identification of particular areas
needing improvement, thus resulting in a lack of clarity for both the
student and their legal representatives regarding potential areas for
improvement.

In the rapidly changing cultural and social conditions, it is essential
that our education system brings about changes that will
significantly affect assessment in accordance with current global
trends in the assessment of the results of the teaching process,
focusing on comprehensive assessment of the student, on the
involvement of the student in the assessment process, and the

equalization of classification and verbal assessment (Hipkins,
Cameron, 2018). Thus, the notion of formative assessment has risen
in importance over the past few years, deserving a vital position in
primary education.

1. FORMATIVE ASSESSMENT

The concept of formative assessment itself remains somewhat
ambiguous even nowadays, despite Bloom being considered as its
originator. According to Bloom et d. (1971), formative assessment
can be understood as feedback that is associated with the possibility
of correcting the teaching and learning process. This feedback
enables the identification of how students learn, as well as the
diagnosis of shortcomings, errors, difficulties and their causes in
learning, with the aim of eliminating them and enhancing the
efficiency of students' learning activities (Petlak, 2014). Formative
assessment provides students with information about opportunities
to improve while also shaping their persona development (Bell,
Cowie, 2001; Alla, Lopez, 2005; Hattie, Timperley, 2007;
Brookhart, 2008; Fluckiger et al., 2010; Wiliam, 2010; Flérez,
Sammons, 2013). Through formative assessment, students learn to
evaluate themselves, their classmates, and the facts around them
(Gangjova et d., 2022). The OECD's definition of formative
assessment from 2005 emphasizes the importance of monitoring
student progress, identifying their needs and learning challenges,
and adjusting the educational approach accordingly. The primary
goa of formative assessment is to showcase students strengths
while also pinpointing areas of weakness, thereby facilitating
targeted interventions during the assessed activity (Pavova and
Vanova, 2020).

Formative assessment is often also called learning-supportive
assessment (Jancova et al.,, 2024) or developmental assessment
(Szarka, Szab6, 2024). Unlike grading, this type of assessment
provides direct support, which is intended to help both students to
improve their performance and teachers to discover the most
appropriate ways of learning. This assessment has two important
parts. First of all, the student becomes aware of the differences
between the goal they are supposed to achieve and their current
level of knowledge and skills. Moreover, they seek and acquire
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ways to eliminate this difference. In this case, the assessment is not
only a report for the student about what they have managed to
achieve, but also an impulse for the teacher to regulate activities in
the classroom (Jancova et al., 2024). The purpose of this type of
assessment is to improve the students' learning and the teachers
teaching, diagnose the students difficulties, and help the students
understand the goals and processes of |earning throughout the entire
educationa process. In parallel, answers are sought to the questions
- What has worked? What needs to be improved? How can we
improve it? (Shewbridge et al. 2014). Formative assessment relies
on activities that offer insights into a student’s current position in
the learning journey, the desired goals, and the most effective
strategies to achieve these goals. This means that formative
assessment does not only focus on what and with what result
students learn, but also how they learn. Black and Wiliam (2005)
further emphasize that self-assessment is essential for effective
learning and that students are more willing to accept criticism from
each other than from their teachers.

The above information show that formative assessment represents a
planned process (Popham, 2008), requiring two-way feedback, from
teacher to student, or from student to teacher (Harlen, 2013). Its
basic principles focus on learning; its aim is to determine students
knowledge, comprehension, and learning styles. It offers prompt
feedback and identifies the educational requirements of each
student, allowing for subsequent adjustments in teaching methods.
"Formative assessment helps students learn better and learn more.
It is any assessment that provides useful information about the
current state of a student's knowledge and skills. It is useful
primarily in the sense that they will know where they are and what
they need to do to learn something more." (Stary, Laufkova et al.,
2016:12). However, as Flérez and Sammons (2013) or Bennet
(2011) state, the application of formative assessment is particularly
effective for students in primary education, as a positive impact of
formative assessment on results in summative tests has been noted.
The authors highlight its positive impact on the development of the
students' personality, understanding of the students learning
progress, and the effectiveness of their education (Hattie, Clarke,
2018; Pane et a., 2015; Parr, 2016; Perry, 2015; Wiliam, 2011).
Formative assessment deserves more attention, as the success or
failure of a student cannot be determined based on the results of a
half-yearly assessment of knowledge. On the contrary, the final
assessment should be based on information about the students’ daily
performance and progress, and it is this information that should
determine their progress in the educational process (Stiggins, 2002).
Formative assessment plays a crucia role in primary education, asit
facilitates continuous daily feedback, discussions, and support from
both the teacher and students who assess themselves and their
classmates. (Pitkénen, 2022).

1.1 Formsand techniques of formative assessment

There are three basic forms to formative assessment — self-
assessment, peer assessment, and teacher assessment (Stary,
Laufkova et a., 2016), which should be applied in the educational
process with equal distribution.

Self-assessment represents an autonomous evaluative process
undertaken by the student, where the individual takes responsibility
for themselves, their own learning, assesses their progress based on
their persona standards, and seeks feedback for reflecting on their
own activities, considering not only the curriculum standards and
external assessment criteria, but also their own principles. It should
be an everyday part of the student’s learning at school (Pitkénen,
2022).
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Peer assessment, on the other hand, consists of the assessment of a
student by other students, whereby the student is more willing to
observe and assess the work of others than his or her own and at the
same time better understands its goals and quality criteria
(Ctvrtnitkové, Prochazkova, 2020).

Formative assessment of a student by a teacher, last but not leat, is
important for both parts in the teaching process. With the help of the
teacher’ s assessment, the student finds out how they are thriving and
progressing in education, while the teacher, on the other hand,
reflects on the quality of their work and the level of their
professional competences.

By applying the above forms of formative assessment in the
educational process of primary education, the development of
mutual social relations between students and teachers is positively
influenced, the quality of students abilities is influenced, the
internal need of the student to improve is activated, and the student
is stimulated to overcome problems and eliminate their
shortcomings (Weissova - Bistakova, 2006).

Teachers can integrate individual forms of formative assessment
into the teaching process using severa techniques. The professional
literature lists and describes a number of techniques applicable in
the educational process of primary education. Since the aim of our
paper is not to characterize individual techniques, we present them
only as examples - Two Stars One Wish, Dot at the End of the Line,
Traffic Light, Peer Assessment of Homework, Prediction Card
(Jancova et al., 2024), Self-Assessment Sheets, Self-Assessment
Cards, Metacognition, Departure Ticket, Concept Maps, Summary,
Portfolio (Orosova et al., 2019), Symbols, Rationale, Modeling,
Coat of Arms, Evaluative Communicative Circle (Ctvrtni¢kova,
Prochézkovg, 2020).

1.2 Formative assessment in Slovakia

The preference for summative over formative assessment is
evidenced by the conclusions of the OECD Report on Evaluation
and Assessment in Education: Slovak Republic 2014. The
aforementioned OECD report calls for the application of formative
assessment techniques in the educational system of the Slovak
Republic (Shewbridge et al, 2014). These findings are also in
adignment with the conclusions of the research conducted by
Orosova et a. (2019), which show that teachers have strong
preferences towards summative assessment in the educational
process. Similarly, the international study TALIS OECD 2018, in its
findings on the use of assessment to support skills for the 21%
century, states that it is necessary to implement formative
assessment in the educational system of the Slovak Republic, which
is an impetus for the development of key competences of students
(Rychnavska, Pappovd, 2019). We would like to state that the
results of the latest TALIS 2024 measurement, which also included
the Slovak Republic, are not yet available, while, as stated by the
OECD, their publication is planned for October 2025.

In accordance with the recommendations and global trends in the
field of evaluation, some progress has aready been taking place in
the primary education system of the Slovak Republic at the level of
school policy. As part of the current school reform, there is a
significant shift from the traditional view of evaluating acquired
information to an assessment that verifies the development of
critical thinking, application of knowledge, and the development of
competences. At the same time, greater emphasisis placed on other,
alternative forms and methods of assessment, such as classification
or verbal assessment. As part of the school reform, the key
legidative curricular document of which is the State Educational
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Program for Primary Education from 2023, formative assessment,
including peer assessment and self-assessment, is gradually coming
to the fore, using various techniques that provide students with the
opportunity to evaluate their own progress. As we have already
mentioned above, these methods allow students to monitor and
evaluate their own performance and learning processes, compare
them with previous results, al supporting persona growth and
independent learning.

Although we view this shift as beneficial, we sought to understand
how well-informed primary education teachers are about formative
assessment, and whether they incorporate it into their teaching on a
regular basis. It is crucial to understand that regardless of the y
expectations of the school policy, the reality within classroom an
often deviate from these expectations.

2. METHOD

The subject of this qualitative-quantitative (QUAL-quan) oriented
research (Cameron, 2009) was the awareness of primary education
teachers about formative assessment and its application in the
educational process. Due to the subject of the research, our research
group consisted of teachers of the primary level (teachers of grades
1-4). Altogether 50 participants joined the research, whose selection
was carried out via purposive sampling. Obtaining research data in
order to answer the set research questions - What is the knowl edge of
primary education teachers about formative assessment?; Do
primary education teachers apply formative assessment in the
educational process? was carried out through a structured interview
with open-ended questions ensuring relatively equal conditions for
all participants (Bacikova, Janovska, 2018). The collected research
data was analysed via content analysis of the text, within which we
analyzed ad hoc materials (Gavora, 2015) - interview protocols. We
applied content analysis of the text in both quantitative and
qualitative forms. In case of quantitative content analysis of the
interview protocols, we analyzed manifest content, which expressed
the frequency of responses, and in case of qualitative content
analysis of the text, we focused on latent content revealing hidden
meanings (Gregus, 2024). This process allowed us to obtain results
that not only quantify the knowledge of primary education teachers
about formative assessment, but also explore and explain it in more
depth.

3. RESULTS

This report outlines the results of our investigation with a focus on
analysis and interpretation of data obtained through interviews with
teachers teaching at the primary level of education. To facilitate a
better understanding of formative assessment, our research findings
are depicted in the following graphical representations.

Understanding the
meaning of formative
assessment.

Knowledge of the term
formative assessment.

60 50
40 32
40
20 !
0 - 0
Yes No Yes No

Figure 1: Knowledge and understanding of formative assessment

Vol. 14, issue 01

Figure 1 demonstrates that 100% of teachers (N=50) recognize the
term formative assessment itself, or have aready heard of it.
Nevertheless, when inquired about their comprehension of its
meaning, the outcomes varied. As the second graph of figure 1
illustrates, only 32 of the 50 teachers provided a positive response,
which congtitutes 64% of the total participants. Another 28 teachers
expressed uncertainty regarding the definition of formative
assessment.

These quantified data were further supported with qualitative data,
which demonstrate that out of 32 teachers knowing the meaning of
the term formative assessment, only 25% of participants (N=8) were
able to clearly and unambiguously define it, and provide a concise
description of formative assessment. They clarified that - "it helps
students improve their learning, provides some feedback on the
basis of which the student can improve", "it is not about measuring
results, but rather about the process of assessment so that they know
whereintheir progressthey are situated and how to improve", "itis
developmental, the student has feedback from the teacher, from
other students, which will help them in learning”, "with its help |
actually give the student information about their progress’. Another
75% of participants (N=24) were able to formulate only a sketchy
and fragmented explanations such as "it is creative assessment, but |
do not know anything else", "it has something to do with improving
learning”, "that is how they assess themselves, and | assess them",
"it isrelated to the development of the student, but | cannot describe
it more specifically”.

Among the 28 teachers that declared unfamiliarity with the term, 7
(25%) had an internal lack of interest in the issue, as evidenced by
their answers—"1 keep hearing about it, but | do not pay attention to
it", "l know that it is also mentioned in connection with the new state
educational program, but until it is mandatory, | do not pay
attention to it", "if we did not have a million other obligations, |
could pay attention to it, but like this...", "it is everywhere, it is used
everywhere, but no one has told me what to do with it", "grades are
grades, they have a better informative value". For the remaining
75% (N=21) of the teachers, lack of familiarity with the meaning of
formative assessment was found to be caused by ambiguity and lack
of clarity in the literature and teacher support materias. Evidence of
these are the following statements of teachers - "I did read about it
but | got lost in the whole thing", "when | looked for it, | found a lot
about it, but | could not find anything written clearly and
understandably for a teacher that would explain what exactly it is",
"even when | did look something up, there were just such general
descriptions, nothing specific*, "what | saw, it is called differently
everywhere, everybody understands it differently, and | can only
deduce from that what it probably means’, "only the methods are
described specifically, but | did not find clearly defined formative
assessment, it is just so roundabout”, "l have been to training too,
but everything was explained in a manner too difficult to
understand".

Subseguently, we focused on finding out whether teachers were
familiar with the forms and techniques of formative assessment. The
quantified research data are presented in the graphs below.
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Figure 2: Forms of formative assessment

As we can see in the graph above, the most represented form was
teacher evaluation, which was reported by 76% of participants
(N=38). Subsequently, 46% teachers (N=23) included student self-
assessment as a form of formative assessment and 16% (N=8)
identified peer assessment as a form of formative assessment. As
many as 24% (N=12) indicated that they did not know any forms of
formative assessment. Analysis of the research data aso reveaded
that only 25% (N=8) were familiar with all the three basic forms of
formative assessment, whose statements indicated a clear
understanding of the subject matter. This datais also consistent with
our previous findings, which declared that 8 teachers were able to
clearly describe the meaning of formative assessment. We would
highlight that of the remaining 30 teachers identifying teacher
evaluation as one of the forms of formative assessment, 76.70%
(N=23) of the responses were uncertain and rather guessing in
nature, which is confirmed by the following statements of the
teachers — "0, it is an assessment, some form, that could be teacher
evaluation”, "probably teacher evaluation”, "I can see that the
teacher could evaluate the pupils here", "I will try teacher
evaluation”. It is also important to note that a similar trend was
observed in the self-assessment responses, with 65.20% (N=15) of
the 23 responses being based on guessing.

Following the forms of formative assessment, our research further
focused on primary teachers knowledge of formative assessment
techniques. We present our findings in the graph below, which is
subsequently interpreted.
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Figure 3: Techniques of formative assessment

Based on the analysis of the research data, it was found that as many
as 58% (N=29) of the teachers do not know any formative
assessment techniques. In contrast, portfolio had the highest
representation, yet only 34% (N=17), with only 8 teachers
responding unequivocally to this form of formative assessment. An
additional 22% (N=11) of the responses were also speculative in
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nature, such as - "I could say portfolio at this point, that one fits
everywhere", "a portfolio will definitely fit here", "I would guess
that one technique would probably be a portfolio®. Only 16% (N=8)
of the teachers referred to alternative formative assessment
techniques, such as symbols and the assessment sheet. These
teachers are the same individuals who, as previously noted, possess
knowledge regarding formative assessment. Traffic lights was
mentioned by 24% (N=12) of the participants, while 9 responses
were unambiguous and the other 3 were based on speculation, as
shown by the following statements - "I think | have read about
something like traffic lights", "in the training they talked about some
kind of traffic lights, but | only remember the name", "I think traffic
lights, | have heard about it somewhere".

By the end of our research, we were aso interested in examining
how teachers utilize formative assessment in the educational
context. The outcomes of our study are depicted in the graph below.

Utilizing formative assessment in the
education process
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Figure 4: Utilizing formative assessment at the primary level of
education

It was found that only 16% (N=8) of teachers apply different forms
and techniques of formative assessment in the education process,
which is supported by their following statements - "yes, | try to give
feedback all the time, how they worked, what they could improve",
"in every lesson | include some form, sometimes | have the pupils
evaluate the pupil, other times | use them to evaluate themselves
either by using cards or evaluation sheets or verbally, it depends on
the type of lesson and the time", "almost every lesson has some
element of formative assessment, the pupils are happy to evaluate
themselves or evaluate another pupil”, "yes | do. | have smiley faces
displayed in my classroom, we use them as symbols for different
types of assessment”, "yes, all pupils have their own traffic lights
and at the end of the lesson they display their individual colours".
Moreover, the graph illustrates that 40% (N=20) of the teachers
claimed they did not engage in formative assessments during the
education process. However, insights from our qualitative inquiry -
What assessment forms do you implement? demonstrated that
despite teachers' beliefs of not using formative assessments, the
evidence suggests otherwise, with 65% (N=13) of them using them
actively, which is also supported by the following statements - "no |
don not use formative assessment, | tend to assess them verbally,
their progress and of course with grades’, "I do not use formative
assessment, but we do portfolios, which we assess’, "I do not apply
formative assessment, | use summative assessment and assessment
when the pupils assess each other, or they assess themselves, or |
assess them”, "no, we have learnt that after each lesson the pupils
pick up a card which symbolises how they have understood the
material”. The following category, the | do not know response, was
reported by 44% (N=20) of the teachers. Nevertheless, similar to the
previously mentioned no response, the answers to the supplementary
question revealed that while teachers may be unaware of their use of
specific forms and techniques of formative assessment, our analysis
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indicates otherwise, as we found elements of formative assessment
present in the statements of all 20 teachers.

4. CONCLUSION

Contemporary society calls for assessment to be not limited to only
checking pupils achievements, but above all to become a way of
supporting and discovering their potential. One way of developing
the pupil through assessment is to apply formative assessment in the
educational process.

The objective of this research was to assess the level of knowledge
and understanding of formative assessment among primary school
teachers and to evaluate whether they incorporate formative
assessment into their educational methodologies. We recognize that
the results of our study may not be universally applicable, given the
small sample size; however, they yield qualitative data that can
inform subsequent research. Notably, it has been found that
teachers' familiarity with formative assessment is lacking, despite
its prominence in current educational discussions.

Our research revealed that while teachers recognize the term, 84%
(N=42) do not fully understand its meaning. Additionally, 14%
(N=7) of teachers indicated that their unfamiliarity with formative
assessment is due to a personal disinterest in the topic, whereas 42%
(N=21) attribute their confusion to the unclear information presented
in literature, support resources, and training programmes.

Additionally, our research revealed that a significant number of
teachers lack familiarity with the various forms and techniques of
formative assessment, as only 16% (N=8) were able to accurately
identify these forms. A notable 76% (N=38) of the responses were
based on guessing. In terms of formative assessment techniques, we
discovered that 58% (N=29) of teachers were unaware of any
specific techniques. Among the few techniques mentioned, only
four—traffic lights, symbols, assessment sheet, and portfolio—were
identified, with the portfolio being the most frequently referred to.
However, it is important to note that 22% (N=11) of the responses
regarding the portfolio were al so speculative in nature.

According to the analysis of the manifest content of the text, it was
determined that merely 16% (N=8) of educators implement
formative assessment within their teaching practices. However, a
deeper examination of the latent content revealed that among the
teachers who reported either not applying or being uncertain about
their use of formative assessment (N=42), a significant 66% (N=33)
inadvertently engage in formative assessment during primary
education. We view these findings as encouraging in light of
contemporary educational standards, yet it is clear that there is a
pressing need to enhance primary education teachers' understanding
of formative assessment, both theoretically and practicaly.
Consequently, in light of the ongoing reforms, we advocate for in-
service training providers to include training on this subject and to
develop courses that emphasize the application of forms and
techniques of formative assessment in primary education.
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Abstract This study examines the bibliotherapy potential of
autobiographical narratives using the manuscript “When the Soul
Speaks’, which is currently in the process of being developed. The
work analyzes how the personal narrative of a person with muscular
dystrophy can serve as a therapeutic tool not only for the author
himself but also for readers with a similar experience. The research
is grounded in the theoretical concepts of bibliotherapy,
autobiographical memory, and narrative identity. Methodologicaly,
it is based on a qualitative analysis of available parts of the text with
an emphasis on identifying key therapeutic elements. The results
show that even an unfinished autobiographical narrative can
significantly contribute to the process of coping with a chronic
illness, building resilience, and finding meaning in challenging life
situations.

Keywords bibliotherapy, autobiographical narrative, muscular
dystrophy, coping strategies, identity reconstruction

1. INTRODUCTION

Bibliotherapy, a therapeutic method that utilizes reading and writing
for therapeutic purposes, has been gaining increasing attention from
the professional community in recent decades. A specia place in
this context is occupied by autobiographical narratives of people
with chronic illnesses or disabilities, which can serve as a bridge
between personal experience and broader social understanding. This
study focuses on the analysis of the manuscript “When the Soul
Speaks’, which represents an autobiographical narrative of a person
with muscular dystrophy.

A notable aspect of this study is that the manuscript under analysis
remains unfinished. This circumstance, however, does not constitute
an obstacle to the research but, on the contrary, offers a unique
opportunity to explore the bibliotherapy potential of the text during
its creation. As Rubery (2022) notes, the writing process can be as
important as the final product, especially in the context of
therapeutic writing. The unfinished nature of the manuscript is a
reflection of its authentic quality, reflecting the ongoing nature of
coping with achronic illness.

The research aims to identify and analyze bibliotherapy elementsin
this narrative and assess their potential benefits for both the author
and readers with a similar experience. The study asks the following
research questions:

What bibliotherapy elements can be identified in the accessible parts
of the autobiographica narrative of a person with muscular
dystrophy? How does the process of autobiographical writing
contribute to coping with a chronic illness? How can even an
unfinished narrative be utilized in the context of formal or informal
bibliotherapy?

2. THEORETICAL FOUNDATIONS

Bibliotherapy is a therapeutic approach that uses reading and writing
to achieve positive changes in an individua's thinking, emotions,
and behavior. Isawi, Gavin, and Wickman (2025) define
bibliotherapy as the purposeful use of literature to promote mental
health and personal growth. The authors emphasize that
bibliotherapy can be an effective tool for developing self-awareness,
empathy, and resilience. In the context of working with individuals
who have chronic illnesses or disabilities, bibliotherapy assumes
particular significance. As Cossali and Rampani (2023) state,
writing can serve as a means of processing traumatic experiences,
building a positive identity, and finding meaning in challenging life
situations. The authors emphasize that writing one's own story
alows an individual to gain distance from their experience and see it
from a new perspective.

Autobiographical memory is a specific type of episodic memory that
involves memories of persona experiences and events from one's
own life. Raeder, Clayton, and Boeckle (2023) emphasize in their
meta-analysis that narrative processing of autobiographical
memories can have a significant therapeutic effect, especially for
people with traumatic experiences. The concept of narrative identity,
as described by Nicholes (2022), is based on the assumption that
people construct their identity through the stories they tell about
themselves. These stories help integrate diverse experiences into a
coherent whole, giving life meaning and continuity. In the case of
people with chronic illness, narrative reconstruction of identity can
represent an important adaptation mechanism.

An interesting perspective for our study is offered by research into
the therapeutic potential of unfinished narratives. As Leese,
Crouthamel, and Kohne (2021) suggest, unfinished or fragmentary
narratives may reflect the nature of traumatic experience, which
often defies linear narrative and closure. The authors argue that the
"openness' of such texts may paradoxically better capture the
complexity and unfinished nature of the process of coping with
trauma or chronic illness. Rolston (2021) emphasizesin her analysis
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of autobiographical texts that the process of writing itself can have a
therapeutic effect, regardless of whether the text is completed. The
author notes that writing as a process can be as important as writing
as a product. This notion is particularly relevant to our analysis of
the unfinished manuscript, where we can observe the therapeutic
potential of the autobiographical writing process itself.

A study by Handkova et a. (2024) on the self-concept of individuals
with neuromuscular diseases revealed that those with muscular
dystrophy exhibit distinct patterns of self-evaluation across various
life domains. The study, which included 29 respondents with
neuromuscular diseases, revealed that the highest average score was
recorded in the area of social adaptability (55.76 points), while the
lowest was in the area of physical appearance (39.17 points). These
findings suggest that individuals with neuromuscular diseases tend
to perceive themselves as well-adapted in social situations yet may
experience lower satisfaction with their physical appearance. The
study also showed dlightly below-average ratings in the area of
meaning and self-actualization (average 45.69 points), which may
indicate that respondents feel some limitations in their possibilities
for self-actualization and fulfillment of life goals. These findings are
relevant to our analysis of the autobiographical narrative of a person
with muscular dystrophy, as they provide a broader context for
understanding the psychosocia aspects of life with this disease.

3. METHODOLOGY

For this study, a qualitative research design using narrative analysis
was chosen. This approach enables an in-depth examination of the
meanings, structures, and functions of autobiographical narratives
(Kuiken & Jacobs, 2021). Narrative analysis focuses on how people
construct and interpret their experiences through stories, making it a
suitable method for exploring the potential of bibliotherapy in
autobiographical texts.

The primary research material is the unfinished manuscript “When
the Soul Speaks’, which is an autobiographical narrative of a person
with muscular dystrophy.

The manuscript's available parts comprise six chapters that capture
key moments of the author's life, from childhood to adulthood, with
a specia emphasis on the experience of living with a progressive
neuromuscular disease. The text combines chronological narration
with reflective passages and also features interactive elements,
including a space for the reader's affirmations at the end of each
chapter. The fact that the manuscript is unfinished was taken into
account in the methodological approach. The analysis focused not
only on the content of the available parts but also on identifying
potential directions for further development of the text and its
therapeutic potential in its current, incompl ete form.

Data analysis was conducted in three phases: thematic analysis,
structural  analysis, and functional anaysis. Through thematic
analysis, we first extracted the main themes from the text. These
include, for example, love and relationships, acceptance of fate,
family heritage, finding meaning in life, loss and death, strength and
resilience, working with energy, appreciating beauty in everyday
life, discovering alife path, and cultivating gratitude. Each theme is
briefly described and illustrated by its manifestation in the text.

In the structural analysis, we focused on the formal division of the
text. Through functional analysis, we ultimately identified the
primary functions of the individual parts of the text. The text fulfills
the following functions. emotional (expresses feelings and
emotions), motivational (inspires the reader), therapeutic (helps to
process difficult emotions), informative (explains facts), aesthetic
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(uses poetic means), appellative (calls the reader to action), and
reflective (stimulates thought).

4. RESULTS
4.1 Thematic analysis

Several key thematic areas have been identified in the manuscript
“When the Soul Speaks’ that have significant bibliotherapy
potential:

4.1.1 Accepting the diagnosis and coping with disease
progression

The text captures the process of accepting a diagnosis of muscular
dystrophy from both the author's and her parents perspectives.
Particularly impressive are the passages describing the different
perceptions of the disease by the child and the parents:

“1 looked at him with a dight smile that bordered on mockery. It
was strange to see my dad so broken when, to me, the disease was
something as natural as breathing. 'What are you talking about,
Dad? | said with sincere incomprehension. To me, muscular
dystrophy was simply a part of life, something | was born with, even
if it did not manifest until later.”

This excerpt illustrates an important psychological phenomenon: a
child with a congenital or early acquired disability does not perceive
his condition as a loss but as normality. Thisinsight can be valuable
for both parents of children with disabilities and professionals
working with this target group.

4.1.2 Transfor ming vulner ability into strength

A significant theme of the manuscript is the transformation of
apparent weakness into strength. The author repeatedly describes
how the experience of living with limitations taught her to see value
in aspects of life that she might otherwise overlook:

“Failures became my daily redlity, but | learned to see them
differently. They were not just moments of weakness, but
opportunities to meet, to break down barriers between people, to
create moments of authentic connection.”

This transformation motif corresponds to the concept of
posttraumatic growth, which describes positive psychological
changes resulting from coping with highly chalenging life
circumstances (Raeder, Clayton & Boeckle, 2023).

4.1.3 The search for meaning and the spiritual dimension

The text contains a strong spiritual dimension, especiadly in the
chapter “When the Soul Spesks’, which describes a transcendental
experience during craniosacral therapy:

“| feel tears running down my face, mixing with the amniotic fluid.
‘But what should | do? 'You just BE and create, he says with
infinite love. 'Spread joy and do what makes you and others

happy!™

This passage illustrates how autobiographical writing can serve as a
means of articulating and integrating spiritual experiences into a
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personal narrative, thereby contributing to finding deeper meaning
in challenging life situations.

4.2 Structural analysis
4.2.1 Narrative structure and temporal organization

The manuscript combines a chronological narrative with reflective
passages that offer more profound insight into the author's inner
world. This structure allows the reader to follow not only external
events but also the internal process of coping with the illness and its
integration into the author'sidentity.

The aternation of time planes is particularly effective, as the author
connects childhood memories with reflections from the perspective
of adulthood:

“Today, when | am forty-one, | look back and see what a difficult
journey my parents had to go through. From the initial shock and
denial, through the search for miracle healers, to the final acceptance
of reality.”

This narrative strategy enables both the author and the reader to gain
distance from immediate experience and view it within the broader
context of thelife story.

4.2.2 Interactive elements

A significant structural element of the manuscript is the interactive
passages at the end of each chapter, which invite readers to
formulate their affirmations:

“Space for your affirmation: 'l accept my life as it is, with all its
challenges and gifts. Every day is a new opportunity to see beauty
even in the most difficult moments.”

This element transforms passive reading into an active process of
self-reflection, significantly enhancing the therapeutic effect of the
text. As Isawi, Gavin, and Wickman (2025) state, active reader
engagement is a key factor in the effectiveness of bibliotherapy
interventions.

4.3 Functional analysis

A functiona analysis of the manuscript “When the Soul Speaks’
reveaed that the text fulfills several therapeutic functions, both for
the author herself and potentially for readers with similar life
experiences.

4.3.1 Therapeutic functionsfor the author

The text demonstrates that autobiographical writing is a crucial
therapeutic tool for the author. Writing allows her to integrate the
challenging experiences associated with a progressive illness into a
coherent life story, which can contribute to better coping with and
accepting this life challenge. Through storytelling, the author
reconstructs her identity in a way that incorporates the illness as a
significant part of her life, yet it is not entirely defined by it. This
process of narrative identity reconstruction may be significant for
people with chronic illness, asit helps them build a self-concept that
is not reduced to the role of the patient.
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Another important therapeutic aspect of writing is its potential for
finding and articulating meaning in a life with limitations. The text
reflects the author's search for and discovery of meaning in
challenging life situations, which aligns with Frankl's concept of the
“will to meaning.” This existential dimension of autobiographical
writing can be a valuable source of resilience and well-being in the
face of chronic illness.

Ultimately, writing enables the author to share her experiences with
others, which can contribute to a sense of meaning and social
connectedness. Knowing that her story can be a source of inspiration
and comfort for others can strengthen the author's sense of
belonging and give her experience a transcendent meaning.

4.3.2 Potential therapeutic functionsfor readers

Even in its unfinished form, the manuscript of “When the Soul
Speaks’ has the potential to serve severa therapeutic functions for
readers, especially those who have similar experiences with chronic
illness or disability.

Readers with similar life experiences may find confirmation in the
text that their emotions and reactions are normal and shared by
others. This process of identification and normalization can be
especialy vauable in the context of rare diseases, where a patient
may feel lonely and isolated with their diagnosis. Finding that their
experiences resonate with those of someone else can bring
significant relief and a sense of belonging.

The text also provides models of adaptive ways to cope with chronic
illness. The author's coping strategies, attitudes, and values can
serve as inspiration and a source of practical ideas for readers facing
similar chalenges. The author's story of living a whole and
meaningful life despite a serious illness can be a source of hope and
motivation for others.

Finally, the interactive elements of the text, such as passages that
invite readers to formulate their affirmations, encourage the reader's
self-reflection and active engagement in the therapeutic process.
These elements transform passive reading into an active process of
self-exploration and personal growth, significantly enhancing the
therapeutic potential of the text.

Overal, the manuscript “When the Soul Speaks’ represents a
valuable bibliotherapy tool that can contribute to better coping and
acceptance of chronic illness, identity reconstruction, finding
meaning, and strengthening social connections. Its incompleteness
not only does not diminish its therapeutic potential but may, on the
contrary, reflect the authentic nature of the experience of living with
aprogressiveillness.

5. DISCUSSION
The analysis reveals that “accepting fate” is the most common

theme in the text, indicating a strong motif of coping with life's
challenges.

Topic Number of occurrences
L ove and relationships 9
Accepting fate 32
Family heritage 8
Sear ching for meaning 12
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oThat strength isnot in our muscles, but in our spirit.
oAnd perhapsits srength liesin thissmplicity.
oEvery fdl was like amoment of helplessness, when
| was at the mercy of circumgances and the people
around me.

Strength and
durability

Lossand death 12
Strength and dur ability 10
Working with energy 4
Beauty in everyday life 21
Finding a way 11
Spiritual wisdom 9

Table 1: Frequency of theme occurrence in the manuscript ,, When

the Soul Speaks’

The following table presents the topic with examples of individual
statements.

Topic Sample

ol had this profound experience during craniosacra
therapy, which | tried as part of comprehensive care
for my body.

eCraniosacrd therapy works with the subtle rhythm
of cerebrogpind fluid that pulsates around the brain
and spind cord.

eDuring therapy, | entered a date that | would
describe as degp meditation.

Working
with energy

*And sometimes true love is not the one thet dazzles
you at first Sght, but the one that gradually, day after
day, transformsyou into abetter person.

esLove comes in many forms and often from
unexpected directions.

And now, as Armgtrong's voice sang about how
beautiful thisworld was, | felt that Dad, even though
he had decided to end his life, saw the world as a
place full of beauty, trees, and even though he was
gone, his love for life and nature was genuine and

deep.

Loveand
relationships

|t wamn't the beauty of a movie gar, but a kind of
esencethet attracted meinterndly.

oY ou can write here a postive thought that came to
you while reading, a personal encouragement for
days when it's hard to find srength, gratitude for
something life has given you, wisdom gained from
your own experience, or a promise to yoursalf about
how you want to approach lifes challenges.

o| dsofelt gratitude.

Beauty in
everyday life

eNone of us have any idea what cards fate will ded

us.

sWe were both suddenly faced with the same

Accepting diagnogs, asif fate had decided thet it wouldn't let us
fate go through this hell gradudly, but would gtrike dl at

once, full force.

oTha even if fate takes away our ability to run, it

cannot take away our ability tolove.

olt isthe journey of one girl, awoman who was born
with abody that decided to go its own way.
oA path that has not dways been straight or easy, but
which has led me here — to the moment when | can
Findinga share my thoughts with you.

way |t was not a straight or easy path, but it led them to
understand that even with illness, one can live a
dignified and fulfilling life, that a person's vadue lies
not in how fast they can run, but in what they carry in
their heart.

eMemoaries of grandparents have a gpecid ability -
they are like old photographs that do not lose their
color over time, but instead acquire new shades that
we were unableto perceive as children.
eGrandparents are like trees - their roots reach deep
into the padt, their branches provide shade on the hot
days of life, and ther fruits nourish future
generaions.

«Our mog vauable heritage is not in what our
grandparents |eft us materidly, but in the vaues they

passed onto us.

Family
heritage

eThese are words | would have liked to have told
them back then, if | had the wisdom | have today.

oY ou can write here a postive thought that came to
you while reading, a personal encouragement for
days when it's hard to find strength, gratitude for
something life has given you, wisdom gained from
your own experience, or a promise to yoursaf about
how you want to approach lifes chalenges.

oTheir wisdom is not that they have al the answers,
but that they know how to live with questions.

Spiritual
wisdom

eBecause fate has a sense of irony, and sometimes
the best teachers comein aguise you least expect.
s\What'sthe point?

oBut in that specid space between waking and
dreaming that craniosacra therapy opened up, |
recelved an answver that was neither logicd nor
rationd, yet made perfect senser “Because | like it
when everything is not the same.”

Sear ching for
meaning

oThat for usitisnot aloss, but smply life, asitis.
oThe loss of a child, and then the diagnosis of two
more.

eEvery lossreminds me how preciouslifeis and how
importantitistoliveit to thefullest.

Lossand
death

Table 2: Examples of statements for individual themesin the
manuscript ,, When the Soul Speaks*

The results of the manuscript analysis, “When the Soul Speaks,”
confirm the significant potential for  bibliotherapy in
autobiographical narratives from individuals with chronic illnesses.
This potential manifestsitself on several levels.

The process of autobiographical writing can serve as an effective
tool for processing traumatic experiences and reconstructing
identity. As Raeder, Clayton, and Boeckle (2023) suggest, the
narrative processing of autobiographical memories can significantly
contribute to the integration of challenging life events into a
coherent life story. In the analyzed manuscript, this process is
particularly evident in passages where the author reflects on her
experience with the progression of the disease and transforms it into
an opportunity for personal growth.

Autobiographical narratives serve as a bridge between personal
experience and broader societal understanding. Franssen (2020)
emphasizes that personal narratives about the experience of chronic
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illness can contribute to destigmatization and raising awareness
about living with the condition. The manuscript "When the Soul
Speaks" offers a genuine insight into life with muscular dystrophy,
which can be valuable for both the lay public and professionals
working with this target group.

Interactive elements in the manuscript that invite readers to
formulate their affirmations represent an innovative approach to
bibliotherapy. This approach transforms passive reading into an
active process of sdf-reflection, significantly enhancing the
therapeutic effect of the text. As Isawi, Gavin, and Wickman (2025)
state, active reader engagement is a key factor in the effectiveness of
bibliotherapy interventions.

The results of this study have several practica implications. For
clinical practice, supporting autobiographical writing can be a
valuable component of psychosocia interventions for individuals
with chronic illnesses. For the education of professionals in helping
professions, autobiographical texts can serve as an authentic source
of information about the subjective experience of living with a given
illness. Ultimately, for the broader public, such texts can contribute
to a deeper understanding and destigmatization of chronic illness
and disability.

However, several limitations of this study should be noted. The
analysis focused on a single autobiographical text, which limits the
generaizability of the results. Furthermore, the assessment of the
therapeutic potential of the text was based on theoretical analysis,
without empirical verification of its actual effects on the reader.
Future research could focus on empirically examining the effects of
reading autobiographical texts on the psychological well-being of
readers with similar experiences.

6. CONCLUSION

This study investigated the potential of bibliotherapy through
autobiographical narratives, utilizing the manuscript “When the Soul
Speaks’. The analysis revedled that the text contains several
elements with significant therapeutic potential, including themes of
accepting a diagnosis, transforming vulnerability into strength, and
searching for meaning. Structural analysis highlighted the effective
use of narrative strategies and interactive elements that can enhance
the therapeutic impact of the text.
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The results suggest that autobiographical writing can serve as an
effective tool for processing traumatic experiences, reconstructing
identity, and finding meaning in life with a chronic illness. At the
same time, such writing can also serve as an important therapeutic
function for readers, especially those who have had similar
experiences.

These findings support the broader use of autobiographical writing
and reading in the context of forma and informa bibliotherapy,
while also highlighting the value of personal narratives as authentic
sources of information about the subjective experience of living
with achronic iliness or disability.
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Abstract Generative Artificial Intelligence (Gen Al) opens up new
possihilities in the field of education, but its implementation poses
significant legal and ethical challenges. This paper focuses on
privecy, copyright, and academic integrity issues related to the use
of Gen Al in educational settings. The study focuses on analyzing
the approaches of the University of Hradec Kralove, Charles
University, and Masaryk University to the regulation and
implementation of Al. The results show that even when universities
formulate positions for the use of Al, they often lack long-term
sustainability strategies and mechanisms to ensure a level playing
field for students when using Al tools. The lack of involvement of
academia in decison-making processes and the absence of
mechanisms to continuously update the rules may lead to ineffective
regulation of the use of Al in education, which could hinder its
optimal integration and limit its contribution to the innovation of the
educational and scientific process.

Keywords: Generative Artificia Intelligence, Artificial Intelligence
in Education, Plagiarism, Academic Integrity

1. INTRODUCTION

Generative artificial intelligence (Gen Al) is a subset of artificial
intelligence that is capable of creating new text, images, sounds, and
other forms of content based on input data and prior learning
(Zhihan, 2023). As reported by Okaiyeto et al. (2023), Gen Al
utilizes large-scale language models and deep neural networks to
simulate human creativity, and its applications extend beyond
academia to other fields, including the arts, healthcare, and business.
In education, this technology opens up new possibilities in
personalized learning, automated assessment, and academic writing
support (Baidoo-Anu & Ansah 2023).

At the same time, however, fundamental legal and ethical questions
arise that require the attention of the professional community. Dabis
and Csaki (2024) note that universities around the world are
beginning to formulate initial responses to the spread of Gen Al.
The primary challenges include protecting students' data, addressing
copyright issues in the use of Al-generated materials, and
maintaining academic integrity in the context of automated text
generation. In addition, Mayana et a. (2024) identify legal
uncertainties associated with ownership and liability for Al-
generated content.

This paper focuses on the analysis of the legal and ethical challenges
associated with the implementation of Gen Al in major educational
institutions in the Czech Republic. It focuses on issues of data

protection, copyright and academic integrity. Based on an analysis
of existing measures of universities, it will offer a comparative
overview of drategies for the use of Al in the academic
environment. The aim is not to formulate specific recommendations
for educational institutions, but to highlight potential risks and
problematic aspects associated with the integration of Al into the
educational practice of universities.

2. LEGAL AND ETHICAL IMPLICATIONS OF THE
USE OF ARTIFICIAL INTELLIGENCE IN
EDUCATION

With the increasing integration of generative Al into adult
education, new legal and ethical challenges are emerging that need
to be addressed. Gen Al is currently one of the fastest-growing
technological tools that is significantly impacting the educational
process. Key aspects to consider in this context include data
protection, copyright issues and maintaining academic integrity.
However, current advances are accompanied by a number of
challenges, including lack of regulation, risks of algorithmic bias,
and the need to strengthen students' critical thinking skills so that
they can use Al technologies ethically (Prepera, 2023).

One of the most important legal aspects of the use of generative Al
in education is the protection of personal data. As stated by Nartey
(2024), many educational institutions are currently faced with the
question of how to effectively ensure that the use of Al systems
complies with legidative standards such as the Genera Data
Protection Regulation (GDPR). Thisis Regulation (EU) 2016/679 of
the European Parliament and of the Council, which was adopted on
27. The GDPR sets out uniform rules for the protection of personal
data across the European Union (EU) and the European Economic
Area (EEA), and applies to all entities that process persona data of
EU citizens, even if they are based outside the EU.

The Regulation regulates the rights of individuals to the protection
of persona data, the obligations of data controllers and data
processors, the rules on consent to data processing, data protection
measures, and sanctions for breaches (GDPR; European Union,
2016). The GDPR also applies to the use of artificial intelligence
when this technology processes personal data, for example, in the
analysis of user behaviour or automated decision-making (Directive;
European Union, 2019).

In the Czech Republic, personal data protection is regulated by Act
No. 110/2019 Call., on the processing of personal data, which
adapts the General Data Protection Regulation (GDPR) to the Czech
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legal system. This Act specifies the rights and obligations when
processing persona data and defines the competence of the Office
for Personal Data Protection (Act No. 110/2019 Call., 2019). Using
Gen Al in an academic setting often means processing sensitive
personal data of students and educators, including their learning
outcomes, preferences, and interactions with digital learning tools.
In order to minimize the risks of misuse of this information, it is
essential to establish clear guidelines for handling the data and to
ensurethat it is securely stored and anonymized.

Another key issue related to Gen Al is the issue of copyright and
ownership of the generated content. Mayana et al. (2024) point out
that the current legislative framework does not contain clear rules
regarding ownership and liability for Al-generated content. In the
educational context, this problem is manifested, for example, in the
use of Al-generated materials in teaching or academic papers. The
lack of clear legal provisions raises questions about whether
generated content is considered an original work, whether it needsto
be cited, or how the authorship of such output should be defined.

At the legidative level, copyright in the Czech Republic is regulated by
Act No. 121/2000 Call., on Copyright, on Rights Related to Copyright
and on Amendmentsto Certain Acts (Copyright Act). ThisAct definesa
work of authorship as the unique result of the cregtive activity of the
author, who can only be a natural person (Czech Republic, 2000). This
means that content created by artificia intelligence cannot be considered
awork of authorship within the meaning of this Act because it lacks a
human creative element. The issue of ownership of content crested by
Al is currently the subject of intense legal debate. It follows that works
crested purely by Al, without human crestive input, are not considered
works of authorship and are not subject to copyright protection. Al tool
providers specify in their terms of use who acquires rights (not in the
senseof authorship) to the generated content.

Therefore, universities and academic ingtitutions need to formulate
clear policies for the use of Al in the educational process and ensure
that students and educators have clear guidelines for working with
the generated materials. At the same time, it is necessary to keep an
eye on the development of legidation at the European level, as the
issue of copyright of Al-generated content is subject to expert
debate within the EU and may be subject to future legidative
changes (European Union, 2019). The legal framework regarding
the authorship and ownership of Al-generated content can be
expected to evolve in the future.

Another important challenge is to maintain academic integrity and
prevent plagiarism in the context of the increasing use of generative
Al in academic writing. Costa et al. (2024) point out that the
proliferation of Al tools such as ChatGPT has led to an increase in
instances of unethical behavior, including plagiarism and inadequate
assistance to students in academic writing. The use of Gen Al
complicates traditiona definitions of originality and authorial
contribution, requiring a revision of current academic ethics rules
(Plata et al., 2023). In order to ensure fair and transparent use of Al
in academic settings, it is necessary to establish appropriate control
mechanisms and clear guidelines for its use.

Some universities have aready responded to these developments by
modifying their assessment criteria and strengthening their emphasis
on the procedural aspects of academic production rather than simply
evaluating the final text.

Given these challenges, educational institutions must take an active
role in developing regulations and recommendations to ensure the
ethical and legally compliant use of Gen Al in academic settings. At
the same time, it is important to support the development of digital
literacy among students and educators to be able to criticaly
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evaluate Al outputs and effectively integrate them into their
educational process, thus ensuring a balance between innovation and
academic responsibility.

3. COMPARISON OF Al IMPLEMENTATION
APPROACHES OF SELECTED UNIVERSITIESIN
THE CZECH REPUBLIC

Higher education is undergoing dynamic changes, with one of the
most significant trends in recent years being the use of Gen Al in
education. Czech universities are realising the potential of Al in
education. They emphasize its ethical and responsible use. A key
ethical dilemma for educational ingtitutions is the decision whether
to promote or restrict the use of generative Al tools (Rana, 2025).
The paper analyses and compares the strategies of selected Czech
universities in the field of the implementation of artificial
intelligence in teaching. It focuses on how they are adapting to the
advent of Gen Al, what obstacles they face in its implementation
and how educational strategies can be optimized to reflect both
pedagogical needs and ingtitutional frameworks.

The comparison of the different strategies of the selected universitiesis
based on a combination of descriptive analysis and critical comparison
based on available data. This method isinspired by theoretical models of
educational innovation management (Fullan, 2015) and concepts of
digitaisation in education (Sdwyn, 2016). Fullan's model of change
(2015) shows that the implementation of new technologies such as Al
requires both a structured approach from the top and the active
involvement of lecturers and students in order to anchor sustained
support for change. Vision sharing is seen as an outcome of a successful
change process rather than a prerequisite for success. Selwyn's analysis
of digital education (2016) highlights that access to technology in
universities is often conditioned by ethica, economic and ingtitutional
factors, which directly affects the implementation of Gen Al.Higher
education inditutions face chalenges in integrating Gen Al into the
learning process, with methodologica frameworks for managing
educational innovation and digitisng learning playing a key role.
Thematic content analysis was conducted by systematically searching
for codes in the texts of universty documents and comparatively
comparing the results between universities according to each category
(Mayring, 2014; Scheier, 2012). Coding followed a deductive approach
based on theoretica frameworks (Fullan, Selwyn) and complemented
by inductive coding of newly identified themes, see Table 1 Coding
matrix according to the proposed scheme.

Table 1 Code matrix of the proposed scheme

K1 | Ethical Regulation for responsible use of AT
Lnvolvement of teachers and students

K2 | bedicingiien in gtrafegy development, consultation

AT as a topl to improve teaching,
Availability of A tools to all students.
. . Plapning of revisions, long-term
K5 Strategy Sustainability direction, adaptability of sirategies,

K3 Innovation Support

K4 Equal Access

Source: own processing

Based on the available official documents, three leading universities
were selected — University of Hradec Krdlové (UHK), Charles
University (UK) and Masaryk University (MU).The primary
documents of the universities were: internad guidelines,
recommendations and opinions on the use of Al in teaching (UHK,
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UK, MU) and secondary literature: professiona articles, legidative
frameworks, and theoretical background.

The documents of the University of Hradec Krélové (UHK) ‘The

Use of Artificia Intelligence in Education’ (n.d.) and ‘Guidelines
for the Use of Artificial Intelligence in Written Works at UHK’
reflect the ingtitutional approach to regulating the use of Al in
education (Univerzita Hradec Krélové, 2024). They clearly define
ethical standards, reducing the risk of inconsistent approaches
among lecturers as well as for students. They highlight the potential
uses of Al, which fulfils Fullan's (2015) premise of promoting
innovation through specific application in teaching. On the other
hand, these statements lack a clear strategy for active involvement
of teachers and students in the decision-making process in the field
of Al. Participatory mechanisms such as workshops or consultations
with academia are missing. The documents mentioned do not
mention a long-term strategy to respond to technologica
developments. The University of Hradec Kralove does not address
how students who do not have access to the same technological
skills or Al tools outside the university environment will be
supported. Selwyn (2016) emphasises that digitalisation must not
widen the gap between students. UHK regulates the use of Al in
education, but does not bring a deeper discussion of how Al could
change teaching strategies (e.g., personalized learning, adaptive
testing).

UHK emphasizes ethica regulation (K1), which is clearly and
standardized. On the other hand, there is a complete lack of
participation (K2) - the university does not provide any tools for
involving teachers or students in the development or revision of
strategies. Support for innovation (K3) is only outlined in a
framework, without concrete proposals for didactic integration of
Al. The issue of equity of access (K4) is completely omitted, as is
the sustainability of strategies (K5) - the documents lack dynamic
updating mechanisms or long-term planning.

Charles University has developed a set of documents aimed at
integrating Al into different areas of the academic environment,
including teaching, research and administration (Univerzita Karlova,
2025). The UK strategy provides structured recommendations for
different target groups (teachers, students, researchers), indicating a
thoughtful approach to implementing Al in education.
Transparency, accountability and safety in the use of Al are
emphasised. Recommendations for educators include integrating Al
into teaching, fostering students creativity and critical thinking,
reflecting the potential of Al to innovate teaching methods in line
with Fullan's theory of managing educational innovation (2015).
The University actively supports its members in adapting to new
technologies. However, it also lacks procedures for regularly
updating these documents in response to the rapid evolution of Al
technologies in terms of long-term sustainability. The issue of
access to Al tools for all students is not consistently addressed,
which can lead to widening digital inequalities (Selwyn, 2016).

UK presents a comprehensive approach to ethical regulation (K1),
reflecting the needs of different academic groups (students, teachers,
researchers). However, participation (K2) is only implicitly
represented - it is not clear whether the wider academic community
contributed to the development of the documents. Support for
innovation (K3) is strongly developed, where Al is seen as a means
to develop teaching methods and student competencies. The area of
equity of access (K4) is, as a UHK, completely absent.
Sustainability of strategies (K5) remains unaddressed as the
documents do not include mechanisms for continuous revision or
adaptation to technological devel opments.
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Masaryk University (MU) has developed several documents on the
use of artificial intelligence (Al) in education, including " Statement
on the Use of Al in Teaching at Masaryk University" (Masarykova
univerzita, 2024), "Recommendations on the Use of Al in Teaching"
(2024), and "Artificial Intelligence in Questions and Answers' (MU,
n.d.), which provide structured recommendations for the use of Al
in teaching, thus providing a coherent strategy for the
implementation of these technologies. The university actively
supports its faculty and students in adapting to new technologies,
which is consistent with Fullan's (2015) emphasis on institutional
support. Recommendations for lecturers include integrating Al into
teaching, encouraging students creativity and critical thinking, and
reflecting the potential of Al to innovate pedagogical methods
(Selwyn, 2016). As with the universities above, there is no clear
strategy for regularly updating these documents in response to the
rapid development of Al technologies, nor does it address the
accessibility of Al for al students.

The MU presents a consistently defined framework for ethica
regulation (K1), with clear recommendations for individual actors.
Participation (K2) is outlined similarly to the UK, but without
specific tools for its implementation. A strength is the promotion of
innovation (K3) - the university encourages the use of Al to enhance
creativity and critica thinking. Equality of access (K4) is not
reflected in the documents, which may lead to the reproduction of
digital inequalities. A long-term framework or plan for updating is
not present here either, weakening the sustainability dimension of
the strategies (K5).

Table 2 Content Analysis Of Al Implementation Approaches (based
on Coding Scheme) visualizes the results of the content analysisin
the form of a heatmap. The intensity (0-3) represents the degree of
presence of each category: 3 = strong presence, 1 = partiad or
implicit mention, 0 = absence.

Tabulka 2 Content Analysis Of Al Implementation Approaches
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In summary, al three ingtitutions show a strong orientation towards
ethical regulation (K1) and to some extent towards the innovation
potential of Al (K3). In contrast, the areas of participation (K2),
equity (K4), and sustainability (K5) remain underdeveloped in the
current  strategies. For a comprehensive and inclusive
implementation of Al in higher education, these areas will need to
be systematically developed in line with the framework of
educational innovation (Fullan, 2015) and critical digitisation
(Selwyn, 2016).

Despite the differences, three key common threads emerge in
universities strategies. All institutions support the integration of Al
while maintaining ethical standards in education and recognise its
importance in modernising teaching. Educational institutions face
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the challenge of balancing innovation while maintaining the
integrity of the academic process. Creating ethical frameworks with
an emphasis on critical thinking appears to be important.

4. DISCUSSION AND CONCLUSION

The leading Czech universities — University of Hradec Krdové
(UHK), Charles University (UK) and Masaryk University (MU) -
approach the regulation of artificial intelligence (Al) in education in
different ways, but share some challenges that need to be addressed.
An analysis of the strategic documents of the three Czech
universities, revealed different approaches to the implementation of
generative artificial intelligence (Gen Al) in higher education, in
line with the five key categories defined in the coding scheme.

All three universities are defining rules for the use of Al in teaching
and academic work, thereby ensuring that academic integrity is
upheld. The universities documents include ethical guidelines and
warn of potential risks of misuse of Al, particularly about plagiarism
and mismanagement of generated content. The emphasis on
transparency and accountability in the use of Al is thus a common
element across the three ingtitutions. Another common strength is
supporting educators in the process of adapting Al to education.
Each university provides recommendations or guidelines for
implementing Al in the classroom, with UK and MU emphasizing
critical thinking when working with Al. In addition, UK tries to
systematically regulate different areas of Al use, which gives it a
more comprehensive framework compared to UHK and MU, which
focus more on specific recommendations for teaching.

However, the main challenge remains the absence of a long-term
strategy for the sustainability of the rules. None of the universities
specify how their guidelines and rules will be updated in response to
the rapid technological evolution of Al. This can lead to rules
becoming outdated and needing to be adapted ad hoc without a clear
methodological framework.

Another shortcoming is the lack of reflection on digital inequalities.
The documents primarily focus on the technical and ethical aspects
of Al but do not address the issue of equal access to these
technologies for students. Universities do not cite specific measures
to ensure that all students have an equal opportunity to use Al tools,
which can lead to an uneven playing field in the academic
environment.

The limited involvement of the academic community in the rule-
making process is also a major weakness. Although universities are
setting frameworks for the use of Al, it is not clear to what extent
students and faculty have been involved in their development. The
absence of a participatory approach may affect the adoption of these
rulesin practice and reduce their effectiveness.

In conclusion, universities agree on the need to regulate Al, focus on
protecting academic integrity and promoting the development of
innovative teaching methods, but neglect the long-term
sustainability of the rules, the issue of digital inequalities, and the
involvement of academics in the decision-making process. To
promote inclusivity and diversity in research and education, it would
be desirable to make Gen Al technologies accessible to educators
and students, e.g. through institutional accounts. By discussing the
ethical implications of using Al or through workshops and seminars
on the responsible use of Al, institutions can promote a culture of
accountability and integrity. To improve the regulation of Al in
education, it is essential to focus on these areas and ensure that the
rules are not only up-to-date but also fair and sustainable in the long
term.
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Given the cultural and institutional diversity of the higher education
community, there is no one-size-fits-all solution, but it would be
advisable to encourage interdisciplinary collaboration between
universities to develop a common methodologica framework for the
use of Al in higher education.
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Abstract A nation’s social cohesion, economic progress, and
prosperity depend on its good governance. Country branding is a
strategic governance instrument through which governments aim to
shape favourable international perceptions, particularly among
foreign investors and tourists. However, there is still a lack of
research on the connection between branding and governance,
especially in the context of European countries. The purpose of this
paper is to close this gap by examining how governance practices
support nation branding initiatives and vice versa. This study
examines the relationship between good governance and nation
branding practices, focusing on three European countries: Norway,
Switzerland, and Estonia, to understand the symbiotic relationship
between branded country image, governance, and governance
effectiveness. Paper adopted qualitative multi-sample research
approach to review policy documents, media articles, and
governance measures such as the World Bank’s Global Governance
Indicators and the Anholt-1psos Nation Brands Index. The analysis
shows that these two phenomena reinforce each other, creating a
symbiotic relationship where good governance strengthens the
country brand, and in its turn effective country branding strengthens
the international perceptions of country’s governance. Each case
study illustrates this interaction in different cultural and historical
contexts. This article examines good governance and nation
branding and argues their linkage, that contribute to policy-making
and managing internationa practices. The analysis shows that these
two phenomena reinforce each other, creating a symbiotic
relationship, where good governance strengthens the country brand
and, in turn, effective country branding strengthens international
perceptions of the country’s governance. Each case study illustrates
thisinterplay in different cultural and historical contexts. Thisarticle
examines good governance and country branding and discusses their
relationship, which contributes to policy-making and international
governance practices.

Keywords Country branding; good governance; European nations;
nation branding; international relations

1. INTRODUCTION

Every nation has a distinct national image that forms the cornerstone
of their country branding efforts, whether they regulate their image
or not. Improving the image of a nation is a complex and long-term
task. The primary sources that shape the image of a country include
its economy, politics, history, society, environment, architecture,
science, and geography. In addition, the image of a nation is

influenced by its historical heritage, role in globa history, and
current position in the international community. This image is
created by synthesizing these various elements formed by the unique
traditions of the people (Dinnie, 2008). Therefore, the image of the
country is formed from the characteristics obtained from these
sources.

Good governance and country branding are pivotal in contemporary
nation-building and international relations. Generaly, good
governance involves managing a country’s resources and affairs in
an efficient, accountable, and transparent way (Islam, 2018). Good
governance is linked to maintaining political stability, the rule of
law, the absence of corruption, quality public services, and one's
adherence to democratic norms. In contrast, country branding refers
to efforts by a state to influence how a nation is seen globally, using
tools based on diplomacy, international communication, and
reputation management.

Nation brands that are strongly built and protected cover global
narratives as competition for skilled labour, trade and export
markets increases (Kaneva, 2011). The aim of this study is to offer
new perspectives on the relationship between nation branding and
good governance, which may have significant implications for
international narratives.

1.1 Research problem and objective

Thereis alack of literature on linking good governance and country
branding. Scholars have focused on researching the correlation of
nation branding to public diplomacy (Szondi, 2008), cultura
diplomacy (Hurn & Tomalin, 2013), and soft power (Fan, 2008),
and this gap needs to be filled. Enhancing understanding of the
nexus between good governance and nation branding may greatly
benefit policymakers during their strategic planning, international
relations, and public diplomacy initiatives. It is plausible that
effective governance will strengthen a nation’s reputation abroad by
building trust and credibility, while good nation branding can
sustain governance domestically by garnering public and resource
support for pro-good governance policies.

This study aims to understand how good governance interacts with
nation branding and reverse. In particular, this paper investigates
whether well-governed countries can create stronger nation brands
and whether targeted nation branding campaigns can constructively
change international perceptions of governments.
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1.2 Theoretical Framework

The term "governance' stands for al forms of government, as
institutions, processes, and decision-making procedures. The World
Bank first introduced the idea of good governance in its 1992 report
"Governance and Development”, emphasizing it as one of the
critical components considered in conjunction with a nation’s
economic strategy. Good governance addresses the processes and
structures through which a government ensures that political, social,
and economic priorities are achieved in a thorough, efficient,
transparent, just, and accountable manner. Because of its wide-
ranging nature, there is no single authoritative definition of good
governance (Gisselquist, 2012).

Nonetheless, international institutions and scholars have identified
key dimensions that define effective governance. For example, the
World Bank’s influential Governance and Development Report
(1992) described governance as the way in which authority is
exercised to manage a nation's economic and social affairs for
developmental purposes. Similarly, the Office of the High
Commissioner for Human Rights (OHCHR) of the United Nations
emphasizes that “ The true test of good governance is the extent to
which it delivers on the promise of human rights— civil, cultural,
economic, political and socia rights’ (OHCHR, n.d.).

Fukuyama (2013) suggests that the effectiveness of governance
depends on two main factors as state's capacity and autonomy of its
bureaucracy. Minimal oversight is achievable through bureaucratic
autonomy. Conversely, states with low capacity need tighter
controls and less autonomy. This view suggests that regarding
institutional capacity and context, “good’ governance is relative,
though, in general, a compromise between autonomy and oversight
is required to function optimaly (Fukuyama, 2013). From an
empirical perspective, these would include stable economic growth
alongside low levels of corruption, the rule of law, public services of
high standard (education, healthcare, security, etc.), the insurance of
property and human rights, and an inclusive and participatory
process for citizensin politics (Rotberg, 2014).

In its 1992 report on "Governance and Development,” the World
Bank also states that if uncertainty is to be reduced or eiminated
from the system, good performance of public institutions must occur
since this will provide consumers with what they need for their lives
in away that firms find it more difficult to have competitive prices
(Kaufmann & Kraay, 2002). This report expresses governance as
how authority supervises economic and socia resources so the
country grows. Sound development management is what good
governance means. According to the Bank’s observation, programs
or projects help to finance technically correct ones but,
unfortunately, do not provide anticipated outcomes due to the
government’s poor performance (Preston, 1992).

The World Bank sponsors the Worldwide Governance Indicators
(WGI) program (Kaufmann & Kraay, 2007) to evaluate governance
quality within 200 nations. Governance evauation by WGI is based
on six criteriaz Voice and Accountability, Political Stability and
Absence of Violence, Government Effectiveness, Regulatory
Quality, Rule of Law, and Control of Corruption:

= Voice and Accountability (VA): Measures how freely citizens
can engage in political processes, including elections, freedom
of expression, association, and access to independent media.

= Political Stability and Absence of Violence (PS): Evaluate the
likelihood of political unrest, violence, or terrorism that could
destabilize the government (World Bank, 2023.).

= Government Effectiveness (GE): Focuses on the quality and
reliability of government services, the competence of civil
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servants, and the government’s ability to formulate and
implement sound policies (Guisan, 2009).

= Regulatory Quality (QR): Assesses how well the government
develops and implements policies and regulations that support
private sector development.

= Rule of Law (RL): Examines how much people trust the lega
system, including how well laws are enforced, property rights
are protected, and the justice system functions.

= Control of Corruption (CC): Looks at the extent to which power
is exercised for private gain, including both petty and grand
forms of corruption.

The WGI database is an important source of information for
academics and public policy experts in public administration,
political science, and institutional development. Strong performance
on these six indicators is often seen as a sign of democratic stability,
effective governance, institutional trust, and administrative capacity.
Such environments are relatively more capable and politically more
willing to deliver reliable public services, protect civil liberties, and
support sustainable socio-economic development. The indicators
also reflect systemic factors that influence governance outcomes
around the world.

1.3 Country Branding: Conceptsand Models

As Anholt (2007) suggests, country branding revolves around the
attempt to capture its individuality and, therefore, use it as a
competitive advantage on a global scale. However, Aronczyk (2013)
highlights the cultural and political dimension of nation branding,
highlighting its impact on the perception and experience of
citizenship, sovereignty, and national identity.

In Dinnie’s (2008) conceptualization, nation branding is a strategic
process encompassing identity construction, image projection, and
reputation management (Dinnie, 2008). These background ideas
make it possible to comprehend how country branding currently
works globally. Historically, nations have had to rebrand themselves
to reflect the changing times, just like corporations. The branding
process ensures that nations coordinate their internal realities with
their current identity or circumstances (Olins, 2002). Nation
branding is more complex than product branding in improving a
nation’simage.

The concept of country branding is based on Anholt’s model (Fan,
2006) asin Figure 1, which outlines six dimensions of nation image,
i.e., governance, culture and heritage, people, tourism, exports, and
investment/immigration. These dimensions together give an overall
impression of the global country image (Anholt, 2007):

= Governance: Covers global perceptions of acountry’s leadership
and its level of competence, fairness, commitment to
democracy, environmental sustainability, and social justice.

= Exports: Covers the perception and attractiveness of a country’s
services and goods in the international market. Their quality and
appeal to consumers are also captured.

= Tourism: Evaluates how much a country is appreciated and
recognized for its natural features, vibrant cultural heritage,
historical landmarks, and other notable attractions.

= Culture and Heritage: This includes appreciation of a country’s
contribution to global society and acknowledgment of its past
and present culture in the form of art, literature, music, and
sports.

= People: Analyses whether the rest of the world perceives a
country’s citizens as hospitable, educated, open-minded, and a
wholesome personality.
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= |nvestment and Immigration: Measures the perception of a
country in terms of mobility, investment, employment,
education, and economic opportunities.

Figure 1. Nation Brand Hexagon (Anholt, 2007)

Nation Brand Hexagon

e & Heritage

Governarce ourism

Investment & I

The theory of Nation Brand Hexagon (Figure 1) is based on the
concept of branding, which applies marketing principles to
countries. Anholt contends that nations have brands like
corporations that influence their international relations and
economic performance. A strong nationa brand can attract tourists,
investors, skilled migrants, and global partners, while a weak or
negative.

These dimensions are quantified through the National Brand Index
(NBI), an annual survey-based index created by Anholt. The NBI
polls thousands of respondents worldwide to gauge perceptions of
various countries regarding the six facets discussed above (TPBO,
2024) Each country’s scores can be visualized on a hexagon
diagram (Figure 1), which succinctly captures its strengths and
weaknesses in each category.

According to Anholt's framework, the nation’s brand is not entirely
under the control of its government but is co-created through the
actions, accomplishments, and attitudes of its people, businesses,
and organizations.

Scholars have discussed different approaches to nation branding.
Anholt’s approach focuses on competitiveness and identity and how
nations globally brand themselves and compete. Aronczyk’s (2013)
perspective is more critical, examining the cultural and political
aspects of nation branding. She argues that nation branding
campaigns attempt to redefine national identity and can be
fundamentally political and economic. In the same spirit, Wally
Olins (2002) offers a historical perspective, stating that countries
have always managed their images. However, the formalized
concept of “branding” is a recent development due to globalization
and competition for investment. “Nation branding” is placed by
Keith Dinnie (2008) within the context of an overarching strategy
that involves the creation of a national identity, the construction of a
national image, and the management of national reputation, and
therefore should be coordinated at al levels of government, private,
and non-profit organizations.

As with any growing area that requires more scholarly attention,
voicing concerns regarding the effectiveness of nation branding is
not uncommon, especially when deep-seated traces of national
identity are set in stone and cannot be "rebranded” through mere
advertising efforts. Fan (2006) questioned the issue, pointing out
that branding will remain pointless until fundamental tactical shifts
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are made to the country’s governance, economy, culture, and
societal products. Consequently, one of the more vital takeaways
from the literature is that nation branding reguires substance; a
nation’simage can only improve if there are actual improvements or
strengths in factors that the nation’s observers care about, like
governance, culture, or economic opportunities.

1.4 Conceptual Framework and Hypotheses

Drawing on theoretical foundations, we argue that good governance
and nation branding have a symbiotic relationship characterized by
mutual reinforcement. Figure 1 (Nation Brand Hexagon) already
points to governance as a key aspect of nation branding. Our
framework suggests that countries that excel in governance
indicators also tend to excel in cultivating a positive nation brand
and that well-designed nation branding initiatives can enhance the
positive impact of good governance on international perceptions.
Nonetheless, we also recognize that such interplay might vary across
contexts; the historical and cultural background may influence the
trandation of governance into a brand image.

This framework leads us to propose the following three hypotheses:

= H1: Countries with higher governance quality (especially in
government effectiveness, rule of law, and control of
corruption) achieve stronger nation branding outcomes.

= H2 Active and positive nation branding efforts lead to
improved international government perception.

= H3: Good governance and country branding are context-
dependent, varying across different cultural and historica
contexts.

Comparative case studies have been utilized to test the given
hypotheses. While H1 and H2 posit a generally positive two-way
relationship, H3 allows for nuance — suggesting that one size may
not fit all when linking governance and branding in practice.

1.5 Methodology

A qualitative multi-centered research design was adopted to
investigate the above hypotheses. Case studies are beneficial for the
in-depth exploration of complex phenomena in real-life contexts
where the boundaries between phenomenon and context are unclear.
According to Yin (2018), case study methodology is suitable for
investigating contemporary phenomena over which the researcher
has little control and allows for multiple sources of evidence. By
examining multiple cases, we can also engage in comparative
analysis that strengthens the generaizability of findings through
analytical replication (each case confirms or refutes patterns
observed in the others).

Case selection: The cases selected for this study are Norway,
Switzerland, and Estonia. Although these countries were selected
through purposive sampling to capture differences in governance
models and branding strategies, they are all somewhat successful.
Norway and Switzerland are consistent leaders in governance
indicators (having high democracy and institutional stability) and
have well-known national branding or a strong international image.
On the other hand, Estonia represents a smaller post-Soviet
European state that has made significant progress in governance
(especially governance) and has actively branded itself over the past
two decades. Estonia also adds historical and contextual diversity to
help test H3 (contextual differences). All three countries are located
in Europe, which controls for some broad regional factors but differ
in governance, culture, branding, and focus.
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Data Sources. The data collection utilized both qualitative and
guantitative data for triangulation as follows:

=  Qualitative data: Policy documents and media coverage related
to communication policies concerning each country's branding
strategy were gathered and studied. Based on availability,
national branding strategy documents were andyzed as
information from the official branding website or a campaign
such as "Brand Norway," Presence Switzerland programs, or
the e-Estonia branding platform. The case study chapters were
constructed relying on secondary data.

=  Quantitative Data: To evaluate governance processes, data was
leveraged from the Wold Governance Indicators (WGI) for
2021 and 2022, based on data availability. WGI value for
Norway, Switzerland, and Estonia for all six constituent
dimensions (VA, PS, GE, RQ, RL, CC) was retrieved
accordingly. The Anholt-Ipsos Nation Brands Index (NBI)
reports for 2021 and 2022 were explored for country branding
outcomes. The Good Country Index and other rankings on
tourism competitiveness were also used to broaden the picture
of the country's reputation. The credibility of this research is
enhanced by using multiple sources in thisway.

Analysis approach: Each case study was first analyzed individually
(within-case analysis) to document the governance context, national
branding strategy, and any evidence of interactions between the two.
Then, a cross-analysis (comparative discussion) was conducted to
identify commonalities and differences. This comparative step was
critical to assessing H3 — to see how context influences the
governance-branding relationship. Throughout the analysis,
hypotheses were centered, and evidence was sought to support or
refute each. Creswell and Poth's (2017) approach to qualitative
research design guided the iterative coding and theme development
process from the qualitative data, ensuring that research remained
grounded in the data when interpreting the results. Key themes of
interest (taken from our framework) include mutual reinforcement
(where management initiatives enhance image or branding
initiatives refer to management), tensions or trade-offs (perhaps
where branding glosses over management issues or where
management focus ignores branding) (cultural orientation, historical
factors influencing values). The following sections present the
results of each case study, followed by a discussion of how these
findings support our hypotheses.

2. CASE STUDIES
2.1 Norway

Transparency, accountability, and social welfare policies are
Norway's main features. Norway has high government effectiveness
and low corruption as its governance model (Aarhus University
2024). Norway’ s branding has successfully capitalized on its natural
resources, such as petroleum and gas, to project it as a sustainable,
environmentally conscious (Norway - Green Technologies 2024)
country. The “Norway brand” features nature conservation,
innovation, and equalitarianism. This paper explores current
practices and recent trends in sustainable business management and
branding in Norway. In 2017, Erna Solberg, Prime Minister, urged
the nation to strive towards "increased innovativeness as well as the
adoption of smarter and greener lifestyles’ (Blazhevska, 2017).

Specifically, the Norwegian Prime Minister sought to position the
country as a globa leader in green technology and sustainable
innovation. This ambition gave rise to the development of Brand
Norway—a renewed national image underpinned by strategic
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messaging and a forward-looking identity designed to highlight
Norway’s distinctiveness and strengthen its overall international
brand presence.

Brand Norway was illustrated while acknowledging its
contemporary features and traditiona attributes (Norway—Green
Technologies 2024).

Brand Norway was launched in 2022 by the Norwegian government
and designed to enhance the competitiveness of the Norwegian
business and industrial sector. The program that was established for
this purpose is known as the “Norwegian Branding Labelling
Programme,” which provides for marking all products and services
made in Norway with an acknowledged symbol indicating their
origin as well as their status as far as sustainability, responsibility,
and historical background are concerned (Norway - Green
Technologies 2024). This government project aimed to “Capitalise
on the many positive associations the world has of Norway as a
country of origin” (Norway - Green Technologies 2024).

Norwegian tourism brand evolves around the “Norway -powered by
nature’ statement. The distinct landscape, rich historical
background, local traditions, and food culture available in different
regions of the country make for an enlightening trip accommodating
every type of visitor (Scandinavian Design Group, 2021). In helping
Norway’'s travel industry, the leading organization is Innovation
Norway, which supports sustainability in tourism through cutting-
edge solutions for the sector’ s businesses by assisting Visit Norway.
This initiative is consistent with nature conservation and
preservation of culturally significant artifacts since they serve as a
basis for developing local community attitudes (Branding Norway
with Sustainable Tourism (En) | ITC n.d.). Norway was positioned
22nd in the Nation Brand Index for 2021 and 2022 (McGrath &
Bobev, 2023).

Considering using green technologies, sustainable resource
management, and renewable energy, Norway and its Nordic
neighbors are regarded as global |eaders. Norway has complied with
international obligations to cut emissions (including those from
sulfur, NOX, and carbon dioxide) and has even gone above and
beyond them (McGrath & Bobev, 2023). The Norwegian
government'sindustrial policy launched in 2022 is called the "Green
Industry Initiative." The policy has an initial roadmap highlighting
seven priority sectors for green growth: offshore wind, hydrogen,
batteries, marine industry, CO2 management, bioeconomy, and
process industries (McGrath & Babev, 2023).

Norway is popular not only for its natural environment but also for
its higher education rate, equality standards (Larsen, Moss &
Skjelshask, 2021), and effective socio-economic model. The
Norwegian nation brand is also rooted in these characteristics
(Larsen, Moss & Skjelshak, 2021).

Good Government has been the agenda of the Norwegian
government for many years. Norway continuously ranks high on the
World Bank’s Good Governance Indicators due to its efficient and
robust governance structure (Kaufmann & Kraay, 2023). The
following are some of these indicators:. (Figure 2)
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Figure 2: World Bank Governance indicators — Norway in 2021 and
2022 (World Bank Group 2023)

Indicator Country Year Percentile Rank (0 to 100)
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VA: Norway scored a perfect 100, in this category for two
consecutive years. The country’s sovereignty in a hegemony
emerged from its commitment to democracy whose heritage started
long ago and from a high level of public involvement.

PS: In the year 2022, Norway’s score dropped to 76.42 from 88.68
in the year before.

GE: Thereis no doubt that Norway has a great government based on
its civil service quality, public service delivery, and level of
protection against political pressures. Since 2021 and 2022, Norway
has always placed higher than 97 indicating good governance.

RQ: Norway scored 95.24 in Regulatory Quality in 2021, a figure
that marginally fell to 91.98 in 2022. Nonetheless, the country still
ranks among the best in terms of regulatory environments that are
favorable for doing business.

RL: The high ranking is based on Norway’s strong judiciary system
and low corruption rates, therefore enabling it to shine in this
category with 99.52 in 2021 and 98.11 in 2022.

CC: Norway ranked 98.10 and 98.11 in 2021 and 2022 respectively
with the integrity of its public institutions and effective anti-
corruption measures in focus.

Norway’s high rankings across the World Bank’s Good Governance
Indicators demonstrate its robust governance framework and
effective public institutions.

2.2 Switzerland

Switzerland is known worldwide for its positive clichés like
chocolate, picturesque landscapes, and watches. Again, its
reputation is solid when it comes to dependability and quality. Over
the years, governments, global organizations like the Red Cross,
multinational corporations including Roche, and athletes such as
Roger Federer have shaped this image. The governing principle in
Switzerland is anchored on other social aspects, including strong
rule of law, direct democracy, and decentralized decision-making.
Regarding branding, nothing much separates Switzerland from
being perceived as a global financia epicentre that is also reputable
as an innovative place on earth and a centre for international
diplomacy. Terms like neutrality, precison, and reliability
(BrandEquity, 2024) are usually used when mentioning the “Swiss
brand.”

Maintaining a positive national image requires constant effort.
Adverse events can leave a lasting impression, which requires
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promoting Swiss values and continuous communication with key
target groups and networks. The Swiss public and government have
agreed that careful, consistent, and strategic communication is
needed to give a country a worldwide stable, distinguished, and
preferred image, such as a "national brand". Successful national
branding, i.e., presenting a unique, flawless profile, sets a country
apart. In this regard, national branding is an important investment in
acountry's future.

Presence.ch (Prasenz Schweiz — PRS n.d.), the officia Swiss
platform dedicated to cultivating and enhancing the nation brand
provides insights into the Swiss government's priorities in nation
branding. In the bottom part of the platform’'s homepage, eight
websites are referenced, which deal with the different directions of
the Swiss nation brand. (Figure 4)

Figure 3: Presence.ch referenced website (Prasenz Schweiz — PRS
n.d.)

More Switzerland on the web

arg 7

swi
The Swiss global network for
education, research and Innovation  innovs

ch.ch asoch (@

Switzerland Global Enterprise (1

Export, Import, Investment

Government close to the people Organisation of the Swiss Abroad

1. Houseofswitzerland.org: This website showcases Switzerland's
involvement in global events and highlights the work
Switzerland does to achieve its diplomatic objectives globally
(House of Switzerland, n.d.).

2. Myswitzerland.org is the official travel website that provides
extensive information on tourism and travel within Switzerland
(Tourismus, n.d.).

3. Swissnex.org: Thisinternational network enhances the standing
of Switzerland in areas such as education, research, and
innovation. (Swissnex, n.d)

4. Swisstech: The platform aims to better Switzerland's standing
as an internationally acknowledged center of business
innovation, highlighting its world-class deep tech and other

firms and their superior research capabilities abroad
(Swisstech, n.d.).
5

oo

Switzerland Global Enterprise: This helps to make international
business connections with its focus on investing, exporting, and
importing ((Switzerland Global Enterprise, n.d.)

7. Financeswiss: This site presents how important Switzerland's
role in globa financial markets is as the financial capital of
Switzerland has been promoted in this website (Finance.Swiss
n.d.)

8. Ch.ch: This website details how the Swiss government
implements the slogan “Government close to the people
(Homepage Ch.ch - Official Information From the Authorities
n.d.)

9. Aso.ch: The platform aims to maintain contact with Swiss

people living abroad and defend them domesticaly

(SwissCommunity, n.d.)

Since 2000 (Schweizer Tourismus Digitalisiert, n.d.) Presence
Switzerland (PRS) has played an important role in ensuring that
Switzerland's image remains credible and authentic. PRS does not
only focus on aspects like quality of life and environmental
friendliness, among others; the organization also emphasizes the
already accepted practices, including innovation and educational
system, as well as direct democracy, in addition to their promotion
of less publicized  strengths. Additionally,  the
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Houseofswitzerland.org porta offers a structured vision of
Switzerland, featuring images, stories, and personalities that embody
the Swiss brand, effectively leveraging clichés and stereotypes to
reinforce national identity.

As presented on myswitzerland.com website (Figure 4), the Swiss
tourism brand promotes the “We need Switzerland” statement.
Brand Switzerland guide, presented in 2010 to employees of the
Federa Ministry of Foreign Affairs, partner organizations, and
sponsors who carry out Swiss activities abroad in cooperation with
Presence Switzerland, highlighted the brand communication of the
rebranded Swiss nation brand. Swiss nation brand is anchored by:

1. Two core messages are a secure future and self-determination.

2. Values astrustworthiness, premium quality, and aestheticism.

3. Brand identity elements include apine habitat, Swiss Cross —
Red and White, and Swiss People.

Figure 4: Swiss nation brand scheme (myswitzerland.com, n.d)
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In the NBI Index 2019 and 2020 (McGrath & Farkas, 2021),
Switzerland was among the top 5 countries in the Governance and
Immigration-Investment categories. In 2021 and 2022, despite the
decrease in the genera points, Switzerland still was one of the ten
top countries (McGrath & Bobev, 2022)

The Swiss government model is characterized by highly
decentralized power, open democracy, and leadership through the
people. It seeks power distribution and civic participation (Carson &
Steiner, 2018)

As a federal state, 26 Swiss cantons can decide on the loca
governance structure (Debela, 2020). Owing to the historical
progress of municipal autonomy, unique types of local government
exist in regions. These models have strengths and drawbacks, yet all
have been effective in practice.

Switzerland's (OECD, 2023) international cooperation efforts can be
characterized by good governance. Swiss authorities embody the
fundamental principle of competent and transparent public service
performance, making governance inclusive, accountable, and
effective. In addition, Switzerland has managed to excel in
implementing good governance internally while also being a strong
advocate for good governance initiatives worldwide through its
various agencies (Laubli, 2017)
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Switzerland's strong governance, as evidenced by its performance
on the World Bank’s Good Governance Indicators:

Figure 5: World Bank Governance indicators — Switzerland in 2021
and 2022 (World Bank Group 2023)

Indicator Country Year Percentile Rank (0D to 100)
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VA: The World Bank's good governance indicators show that
Switzerland scored 98.1 in 2021 and 99 in 2022, thereby indicating
strong participatory governance.

PS: Thisindicator registered 89.63 in 2021 but increased to 92.45 in
2022, thusindicating the same trend of peace and security.

GE: Swiss governance efficacy was confirmed in 2021 and 2022
when it scored 99.

RQ: Having scored 95.7 in 2021 and dropping by a slight margin to
94.31in 2022, it is evident that Switzerland is strict on regulations.
RL: Switzerland has a highly efficient and equitable judicial system;
the country achieved ratings above 97 in 2021 and 2022.

CC: The country has also been highly ranked in this area, according
to datafor 2021 (96.6) and 2022 (97.1).

The good governance indices reveal Switzerland's excellent
governance performance, further proving that it has a good
reputation for being efficient and transparent. Switzerland is not
only competitive in terms of citizen welfare but is also ayardstick in
global governance.

2.3 Estonia

After gaining its independence, Estonia underwent transformational
changes and has become an innovation center in Europe. This
transformation is characterized by e-governance initiatives,
digitalization (Jansen, 2008), and a strong emphasis on innovation
(Jansen, 2008) and entrepreneurship in governance. Case studies of
Estonia feature how these initiatives have shaped its brand identity,
both domestically and internationally (Tpbo, 2023)

Estonian nation branding campaigns began in 2001 when the
country hosted the Eurovision Song Contest.

Through that event, Estonia managed to attract the attention of
foreign media more than ever (Alimaskoski, 2022). In 2003, Brand
Estonia was introduced at a tourism fair. For starting to form Estonia
as a unique independent brand in the international arena, Enterprise
Estonia has presented a hexagon logo with the words "Welcome to
Estonia" and the slogan "Positively Transforming” to the public
(Papp-Véry, 2018) Interbrand, which made the brand book, has
defined five narratives. Fresh Perspective; A Radical, Reformative
and Transformative Attitude; Nordic Temperament and
Environment; Skilled Self-Starter by Nature; and the European
Society.

39



GRANT journal
ISSN 1805-062X, 1805-0638 (online)

EUROPEAN GRANT PROJECTS | RESULTS | RESEARCH & DEVELOPMENT | SCIENCE

Innovation and nature are two key points of the Estonian nation
brand (Kentie P. 2023). The key areas of innovation are e
government, e-tax systems that include Skype, cyber defense, and e-
banking. In addition, there is a deliberate attempt to merge education
with science within the brand's storyline in line with broader
developmentsin nation branding.

The idea behind Brand Estonia is to increase the confidence of
foreign investors in Estonia as a hub for their investments, tourism,
and exports. This takes into account the limited resource base in
Estonia, which necessitates cooperation between sectors.

The Estonian Nation Brand campaign contained several strong
sogans and strategic directions. Each campaign contributed
uniquely to Estonias global image, demonstrating effective place
branding strategies that engaged and resonated with diverse
audiences. (Figure 6)

Figure 6: The Estonian Nation Brand campaign contained several
strong slogans and strategic directions. (Author's table based on
literature review and analysis)

ampaign S10gan upjecuve Rey ciements
Velcome to Estonia Positively Highlight Estonia's transformation [Simple, strong message
Transforming and investment readiness
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Figure 7: Estonia.ee website references
illustrates Estonia as a travel destination in
addition to highlighting its nature and culture.
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Estonia. ee is the country's current national branding platform,
which sticks to core themes and features slogans such as "Estoniais
aplace for independent minds' and "We always find away."

The new brand aims to highlight Estonia’s digital society and its
international e-residency service while emphasizing its unspoiled
nature. The main objective of this branding is to show that
digitalization alows people to have more leisure time
(Andero,2017) in Estonia. ee portal references below websites,
which facilitate branding projects:

Even though the Simon Anholt Nation Brand Index does not
measure or evaluate the Estonian national brand, the Campaign
follows the national brand hexagon theory and demonstrates its
elements.

Estonia has made significant improvements in governance, evident
in the World Bank's Good Governance Indicators rankings:

1. VA: Estonia shows a strong commitment to democratic values,
as depicted by its high scoresin this category (88.4 in 2021 and
87.92in 2022).

PS: Estonia scored over 70 in both 2021 and 2022 years.

GE: Estonia also scored higher in this measurement, with

scores of 88.57 in 2021 and 89.62 in 2022.

4. RQ: Regulatory Quality: Estonias regulatory environment is
favorable for business, characterized by policies that encourage
entrepreneurship and innovation. Its scores were around 92 in
2021 and 2022.

5. RL: Estonia boasts a strong legal framework, evidenced by
high scores of 88 in 2021 and 89 in 2022.

6. CC: Estonia has made significant progress in controlling
corruption, achieving scores above 90 in 2021 and 2022.

7. These indicators collectively show that Estonia is efficiently
controlled and committed to a transparent, efficient, and
democratic society development process.

wN
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Abstrakt Zdravotnd gramotnost’ je determinovana zdravotnym
spravanim, ako g socidno-politickym a zdravotnym systémom.
Nizka zdravotnad gramotnost’ sa premieta v naraste hospitalizacii
areadmisii, non-adherencii k lietbe, vedie k vys$Siemu vyskytu
komplikacii, k nedostatocnému selfmanazmentu chronickych chordb
a k zanedbavaniu preventivnych aktivit. Predpokladom pre zlepSenie
zdravotneg] gramotnosti je efektivna komunikécia so zdravotnikmi,
vzdeldvanie a zdravotnd starostlivost smerom k aktivnej ucasti a
spoluzodpovednosti  jednotlivcov akomunit na svojom zdravi.
Déraz na vzdelavanie, ako jedngj z kI'aGovych oblasti, k posilneniu
zdravotnegj gramotnosti, v procese zdravotngj starostlivosti, prinasa
medagogika. Medagogika vychadza z principov pedagogiky
aandragogiky apredstavuje moderny, holisticky aindividuany
pristup, ktory postiva tradi¢nti edukaciu v zdravotnej starostlivosti
na vys$iu uroven. Cielom medagogiky je posilnit zdravotnu
gramotnost, aktivne ulenie jednotlivcov akomunit k dihodobému
selfmanaZmentu a zodpovednosti za svoje zdravie. Medagogika, pre
rozvijanie  zdravotng  gramotnosti, akcentuje  vyuZivanie
inovativnych edukaénych metdd, akymi su interaktivne workshopy,
vizualizécia informécii, simulécie apripadové Studie, ako 4§
digitdne technolégie. Medagogika uznava model edukéacie,
prispdsobeny poskytovaniu Struktarovanych informécii pre zdravie
jednotlivea, rodiny akomunity. Model medagogiky, zohl'adiiuje
v edukéacii arozvoji zdravotnej gramotnosti klicové principy,
ktorymi s individualizacia, aktivna tucast, podpora motivacie
a dlhodobé ciele pre zdravie jednotlivcov a komunit.

Kli¢ova slova Zdravotna gramotnost, Medagogika, Model PITS,
Edukécia.

1. UvoD

Zdravotna gramotnost’ je multidimenzionalny koncept, ktory je
kombin&ciou funkénej, interaktivnej a kritickej urovne gramotnosti,
¢o ovplyviiuje, ako jednotlivci interaguji so zdravotnou
starostlivostou a ako sa ong rozhoduja (Mullan et a. 2017).
Konkrétne sa to prejavi v tom, ako jednotlivci dokazu najst,
pochopit’ a pouzit' informacie a sluzby suvisiace so zdravim.
Zdravotna gramotnost’ umoziuje robit’ informované rozhodnutia

tykajlce sa zdravia anasledne konat’ na zaklade tychto rozhodnuti,
¢o ma vplyv na celkové zdravie a starostlivost o seba a inych
(Centers for Disease Control and Prevention 2021). Nizka zdravotna
gramotnost  ovplyviiuje  bezpeCnost a kvalitu zdravotnej
starostlivosti. Zdravotnd gramotnost’ uzko suvisi so vzdelavanim,
ktoré ovplyviiuje zdravie jednotlivca ovela viac ako iné prediktory
zdravotného stavu. Posilnenie zdravotng gramotnosti moéze
podporit’ aj koncept medagogiky, ktora  pracuje s principmi
pedagogiky a andragogiky (Stewart 2020).

2. ZDRAVOTNA GRAMOTNOST

Zdravotna gramotnost je ovplyvnend kulturou, zdravotnym
spravanim, ako & socidlno-politickym a zdravotnym systémom.
Zdravotnou  gramotnostou rozumieme subor kognitivnych
asocialnych zru¢nosti, ktoré urCuji motivaciu a schopnost’
jednotlivcov pristupovat’ k informéciam, rozumiet’ im a vyuzivat’ ich
spbsobom, ktory podporuje ich zdravie. Zdravotna gramotnost’ je
délezitym aspektom interakcii medzi pacientom azdravotnikom
aovplyvilyje starostlivost’ zamerant na pacienta. Vztahuje sa nielen
na schopnost’ porozumiet zdravotnym informaciam, ale aj
komunikovat o nich, spracovavat ich a pouzivat ich pri
rozhodovani o zdravotng starostlivosti (Coleman et al. 2016).

Existuji  korelacie medzi nizkou zdravotnou gramotnostou a
nérastom hospitalizécii areadmisii, non-adherenciou k liecbe,
zvySenym vyskytom neziadicich G¢inkov medikacie, mensou

ucastou na preventivnych aktivitich, vy$Sou prevalenciou
zdravotnych rizikovych faktorov, horSim selfmanaZzmentom
chronickych chordéb, meng efektivnou komunikéaciou so

zdravotnikmi, zvySenymi ndkladmi na zdravotnu starostlivost’, zIym
funkénym a celkovym zdravotnym stavom vrétane zvySene
mortality (Stewart 2020).

Vyskum, zamerany na hodnotenie zdravotngl gramotnosti vo
vybranych eurdpskych krajinach, sa prvykrat uskuto¢nil v roku
2014. V tomto vyskume bol pouZity néastroj European Health
Literacy Survey Questionnaire (HLS-EU-Q), ktory zistoval pristup,
porozumenie, hodnotenie avyuzivanie informacii tykajlcich sa
podpory zdravia aprevencii chordb, zahifia aj otazky tykajuce sa
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zdravia, spravania, zdravotného stavu asocio-ekonomickych
faktorov (Serensen et al. 2015). Nastroj vychadza z integrovaného
modelu zdravotngj gramotnosti (Tab. 1), ktory poskytuje zaroveii
navrh intervencii na zvySenie zdravotnegj gramotnosti (WHO 2013).
Koncepény ramec pre rozvoj zdravotnej gramotnosti kladie doraz na
prenos informécii cez ich poskytovanie az po reakciu pacienta v
celom procese edukécie. Zdravotna gramotnost’ je premostenim
medzi vzdelavanim a zdravim. Podla WHO (2013) zdravotna
vychova zahtia vedome vytvorené prileZitosti na u¢enie zahfiiajuce
ur¢itdt  formu komunikacie, ureni na zlepSenie zdravotnej
gramotnosti, vratane zlepSenia vedomosti a rozvoja Zzivotnych
zruénosti, ktoré prispievaju k zdraviu jednotlivca a komunity.

Tab. 1: Model zdravotnej gramotnosti
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Jinapeova’ .
. ) . .. . 4.robit’ infamované
Zdravaradacdii . 2 odrobealiecthe alaiticky hodnotit” y
o 1 odorobealiathe irfamédieo ruziuh{laod’udae
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Zdroj: WHO 2013

Zdravotna gramotnost’ zahfiia pozorovatelny stibor zru¢nosti, ktoré
mMOoZno rozvijat’ a zlepSovat’ prostrednictvom efektivnej komunikacie
a vzdedévania (Nutbeam 2019). Tieto zru¢nosti sa pocas Zivota
neustdle rozvijaji a zdokonaluji, aby sa prisposobili réznym
meniacim sa prostrediam, kontextom a sofistikovanosti modernej
doby. Aktudne potrebujeme viac prispdsobené pristupy a sluzby na
ulahCenie ziskavania zru¢nosti v oblasti zdravotnej gramotnosti pre
rézne skupiny zdravych a chorych jednotlivcov a komunit. Kvalitné
vzdelavanie a celozivotné vzdelavanie st v tomto procese kl'iCové.
Vzdelavanie v oblasti zdravotnej gramotnosti by malo byt prioritou
v SrSom kontexte mnohych zainteresovanych strdn smerom ku
konkrétnym opatreniam na zlepSenie zdravia a zapojenie
jednotlivcov, poskytovatel'ov a systémov (IUHPE 2018).

3. MEDAGOGIKA

Zdravotnici  potrebuju  pedagogické poznatky a nastroje na
budovanie zdravotnej gramotnosti a na podporu dobrého zdravia a
pohody, ¢o je ddlezity ciel’ udrzatelnosti a rozvoja zdravotnicke)
starostlivosti asluzieb. Spolahlivi metodiku, na individudlne a
interdisciplinarne Usilie o zlepSenie zdravotngl gramotnosti
pacientov, predstavuje medagogika. Medagogika je moderny,
holisticky aindividualny pristup, ktory postva tradi¢nt edukaciu na
vys$8iu uroven, s cielom zleps$it' zdravotni gramotnost, podporovat’
aktivne ucenie jednotlivcov a komunit k dlhodobému
selfmanazmentu a zodpovednosti za svoje zdravie. Edukacia
pacienta je viac na prenos vedomosti ainstrukcii od zdravotnika
k pacientovi, medagogika oproti tomu vyzdvihuje zameranie na
podporu aktivneho udenia aspoluprdce medzi pacientom
azdravotnikom. Rolu zdravotnika v edukécii zaujima odbornik,
ktory poskytuje informéacie, a jeho rola je chgpana ako rola
sprievodcu-facilitatora, ktory pomaha pacientovi nachadzat’ rieSenie.
Délezitd pritom je dbvera Kk zdravotnikovi, ¢o je zakladom
Uspesnych vysedkov edukécie aocakavanych zmien spravania
jednotlivea/ komunity (Kvangarsnes et al. 2023).
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Metédy vyuzivané vedukacii mau charakter jednosmerne
komunikacie, kde prevazuje vyklad ainstrukcie, medagogika pritom
zdoraznuje poziadavku dvojsmernej komunikécie, kde st viac
vyuzivané metody diskusie akde je pacient vedeny k formulovaniu
vlastnych zaverov. Pacient v edukécii ma skér Ulohu pasivneho
prijemcu informacii, zatial ¢o medagogika uznava pacienta ako
aktivneho partnera, ktory v procese uéenia rozhoduje o svojom
zdravi. Zameranie edukacie je na konkrétnu diagnézu alebo liecbu,
medagogika uprednostiiuje holisticky pristup, zahfiajaci fyzické,
psychické asocialne aspekty zdravia. Cielom edukécie je zlepsenie
porozumenia zdravotnému problému alie¢be; medagogika uznava
posilnenie sebesta¢nosti, autonémie a motivacie pacienta (Stewart
2020). Jednym z modelov medagogiky pre dosiahnutie zdravotnej
gramotnosti pacientov je Model poskytovania informacii a
vzdeldvania pacientov (Patient education informational delivery
model, PITS), ktory ponuka logicky Struktlrovany a organizovany
format informécii tykajuci sa zdravia alebo choroby pri dodrZiavani
Standardného modelu komunikéacie. Model PITS je obvykla mapa
alebo postup edukacie od patofyzioldgie, indikacie, liecby a Specifik
choroby s ohl'adom na konkrétneho pacienta (Tab. 2).

Tab. 2: PITS model

P Patol 6gia chorobného procesu.
Pathophysiology Fyzické zmeny, ktoré sa vyskytuja v tele
sivisiace s lekarskou diagnézou.
Patofyziol 6gia chorobného procesu.
Biochemické zmeny, ktoré sa vyskytuji v
tele sivisiace s lekarskou diagnézou.
| Désledky chorobného procesu.

Indications Znaky, symptdmy slvisiace sdiagnézou,
ktoré mozu reflektovat’ progres alebo znovu
vzplanutie choroby.

T Liecba chorobného procesu.
Treatment Manazment lieCby choroby.
S Specifika choroby.
Specifics Stvidosti  sindividudlnymi  Specifikami
choroby a manazmentu lie¢by.

Zdroj: Stewart 2020

Zapojenie pacienta, sa moze realizovat eSte pred samotnou
edukéciou napr. tym, Ze mu bude poskytnuty formuléar, kde sa
pacient zoznami, ¢o sa od neho oCakdva ambze si premysliet
otazky, ktoré polozi zdravotnikovi. PITS umoZiuje poskytovatelom
zdravotnej starostlivosti postdit stav pacienta pomocou Skaly
porozumenia osobného vnimania (Understanding personal
perception scale, UPP ), kde pacienti odpovedaji na dve zakladné
otazky: 1. Ako je Vam jasné vaSe sucasné chapanie tychto
informacii, sktorymi ste sa zoznamili? 2. Nakol’ko ste spokojny so
svojim porozumenim a schopnost'ou konat’ alebo spravat’ sa podla
tychto informécii? Vyhodnotenie UPP pouziva 5-bodovu Likertovu
stupnicu (Stewart 2020). Pacienti potrebuju lepSie porozumiet’
chorobe, aby boli schopni viac participovat’ na starostlivosti o Seba,
ako byt len prijimatelom zdravotnej starostlivosti. Model PITS
pontka cestu komunikécie s prijimatelom zdravotnej starostlivosti
od diagnostikovania, planovania, lieGby afézy starostlivosti pre
dosahovanie cielov pacienta. PITS je univerzany vzdelavaci model
pouzitelny pre vSetky ochorenia a odbornikov zastupujucich v3etky
discipliny, od lekérov, sestier, fyzioterapeutov, farmaceutov,
asistentov vyzivy ainych, ktori prispievaji k lieGbe pacienta
z aspektu svojej discipliny. Proces edukacie méze podla tohto
modelu prebiehat’ od ochorenia k pacientovi, alebo a od informécii
od pacienta k ochoreniu (Jaimala et al. 2024). Model PITS prispieva
k presadzovaniu rovnosti a kvality vo vzdeldvani, je dblezitym
aspektom pre trvalo udrzateny rozvoj, zohl'adiiuje prehlbujiice sa
hospodarske a socidne nerovnosti, rychlu urbanizéciu, hrozby pre
klimu a Zivotné prostredie, zataz infek¢énymi a neprenosnymi
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chorobami astym slvisiace problémy (Kvangarsnes et a. 2023).
Medagogika vo vzdelavani zdoraziiuje vyznam komunikacie pre
rozvoj zdravotnej gramotnosti pre orientovanie sa v zdravotnickych
sluzbach avzdelavaniu na individudng akomunitngl Grovni.
Zdravotnici by si mali osvojit efektivne komunikacné stratégie
nacvikom komunikacie na simulovanych rozhovoroch a cvicit
empatické pocuvanie, aby pochopili hodnoty a preferencie pacienta
(Bregaet al. 2019).

Medagogika zahffia Siroké spektrum inovativnych metod, ktoré
reflektuju moderné trendy v zdravotnickom vzdelavani gj s vyuZitim
digitdnych technol6gii. Patria knim motivaéné rozhovory,
edukaéné plany acesty pacienta, sebaedukéacia agamifikécia,
reflexia a spétna vazba, telemedicina avyuzitie umelg inteligencie,
rozpravanie pribehov, dlhodoby koucing a mentorstvo, virtudna a
rozSirend realita (simulécie), online vzdeldvacie moduly, chatboty
a dalsie iné metddy (Stewart 2020).

Motivaénymi rozhovormi (motivational interviewing) podporujeme
pacienta v identifikacii vlastnych ciel'ov, hodndt a bariér pri zmene
sprévania. Zdravotnik je ako facilitétor, ktory kladie otvorené otazky
a podporuje pacienta pri nachadzani vlastnych rieSeni. Motiva¢né
rozhovory pomahaju pacientom, ktori nemaju motivéciu alebo nie
su si isti potrebou zmeny spravania (napr. obézni, fajéiari), ¢im sa
Zlepduje g adherencia k liecbe. Eduka¢né plany a cesty pacienta
(educational plans and patient pathways) je metdda vypracovania
individudneho planu, ktory mapuje pacientovu cestu od diagnostiky
az po dlhodobu starostlivost. V plane st obsiahnuté konkrétne
kroky, ocakavania a kontrolné intervencie pre pacienta. Pacienti
ziskaju jasny, Strukturovany plan, co zvySuje sebavedomie,
schopnost’ zvladnut' sebaopateru, selfmanazment, napr. diabetes
mellitus (ciele pre kontrolu glykémie, Upravu stravy, fyzicki
aktivitu ai.).

Digitdlne metddy a ich rozvoj menia rozsah a spésob, akym sa
vymienaju zdravotné informacie (Pagliari 2021), ¢o sa ukazalo aj
pocas pandémie COVID-19. Pouzivanie digitdinych nastrojov a
digitalizdcia ovplyvnili spolocnost, spdsob a tempo, akym
komunikujeme. Rozsah dostupnych informécii ovplyviiuje aj
zdravotné aosetrovatel'ské ¢&i opatrovatel'ské sluzby. Digitalne
zdravotnicke sluzby vyZaduju, aby pouZivatelia mali digitalnu
zdravotnll gramotnost’ alebo elektronicku zdravotni gramotnost’ (e-
zdravotnd gramotnost) (Norman a Skinner 2006). E-zdravotnd
gramotnost’ mdze vytvarat v populacii, medzi urcitymi skupinami
pacientov (seniori 65+, 'udia bez domova, T'udia s handicapom ai.),
viacsie nerovnosti vo vztahu k zruénostiam a pristupu k
zdravotnickym sluzbam (Olsson et a. 2019). Medagogika uznava
digitalnu zdravotnu gramotnost’, kde sa vyuZiva
metdda telemediciny, kde sa poskytuju individudlne odporucania
cez aplikacie, telemedicinske konzulticie na dial’ku a tieZ sledovanie
stavu pacienta v realnom case. Pacienti moézu byt priebezne
monitorovani asudasne mozu dostavat’ rady prispdsobené jeho
potrebam. Zdravotnici tak maji moznost’ zasiahnut' v redlnom Case
pri identifikécii rizik.

Vyznam ma tiez sebaedukécia agamifikéacia (self-education and
gamification) spouZitim digitdnych néstrojov, aplikéacii a hier.
Gamifikacia vyuZiva prvky hier, ako si odmeny aebo vyzvy na
splnenie (krokomery, denniky stravy a i.). ZvySuje sa tym
angazovanost a aktivita pacienta, napr. sledovanie hmotnosti a
kalorického prijmu. Dolezitou metddou v nadobidani zdravotnej
gramotnosti formou edukécie je reflexia a spétna vézba (reflection
and teach-back). Pri tejto metode pacient po absolvovani edukécie
ojeho zdravotnych problémoch, opakuje informécie spétne
edukatorovi/ugitelovi — zdravotnikovi® (teach-back). Nésledne v
pravidelnych intervaloch sa poskytuje spétna véazba pacientovi, kde
sa zohladiujt jeho vlastné reflexie (denniky, aplikacie). Umoziuje
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to pacientovi reflektovat’ svoje uspechy a zlepsit' oblasti, kde ma
nedostatky. Zdravotnik je pre pacienta partner, ktory ho podporuje
amotivuje (Stewart 2020). Uginnymi metédami, pre porozumenie
zdravotnym problémom, mézu byt aj pripadové Studie (case
studies), koucing a mentorstvo, virtudlna realita — simulécie, ¢&i
online vzdelavacie moduly. Inovativne edukatné metody v
komunite su aplikovatel'né ako zdravotnicke festivaly a podujatia,
edukécia je prispdsobend kultirnym potrebdm arealizovana
prostrednictvom dobrovolnikov a pacientskych skupin (Stewart
2020). Kazda z eduka¢nych metdd si vyzaduje, aby zdravotnici mali
odborné vedomosti a zrucnosti a boli tvorcami StruktUrovane
edukécie pri vyuzivani principov medagogiky adosahovani cielov
zdravotnej gramotnosti.

4. ZAVER

Déraz na vzdelavanie ku zdravotng gramotnosti predstavuje
koncept medagogiky. Medagogika povaZzuje za prospesné
vyuzivanie inovativnych edukacnych metdd vo vzdelavani, ktoré na
zaklade Strukturovanej edukacie podla PITS modelu, pomdzu
dosahovat’ ocakavané vysledky v spravani arozvoji zdravotne
gramotnosti. Medagogika akcentuje individualizaciu, aktiviu cast,
podporu motivécie a dihodobé ciele pre optimalne zdravie akvalitu
Zivota jednotlivca, rodiny alebo komunity.
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Abstrakt Prispevok prindsa vybrané vysdedky nésho vyskumu
zameraného na zistovanie Urovne a rozdielov v didaktickych
kompetenciach medzi Studentmi uéitel’stva a ucitel'mi pdsobiacimi v
praxi. Uroveii tychto komptencii sme posudzovali pomocou
Dotaznika didaktickych kompetencii, ktory hodnoti pat klaovych
oblasti: pldnovanie a priprava vyucovacej hodiny, realizicia
vyucovacej hodiny, klima a disciplina v triede, diagnostika a
hodnotenie Ziakov a sebareflexia. Vydedky vyskumu ukézali, ze
ucitelia v praxi dosahuji vysSiu troven vo vsetkych sledovanych
oblastiach didaktickych kompetencii v porovnani so Sudentmi
uditel'stva. Dalej sme analyzovali rozvoj didaktickych kompetencii u
Studentov uditel'stva s odstupom jedného roka. Signifikantne
vyznamny rozdiel sa prejavil len v oblasti pldnovania a pripravy
vyucovacich hodin.

Kradové slova Didaktické kompetencie, Studenti
pregradualna priprava, ucitelia v praxi

ucitel’stva,

1. DIDAKTICKE KOMPETENCIE UCITELOV

Didaktické kompetencie st dolezitou sucastou profesijnych
kompetencii uéitel'ov, ktoré su nevyhnutné pre efektivne planovanie,
organizéciu, riadenie a hodnotenie vychovno-vzdel avacieho procesu
(Sutédkova, Ferencovd, 2017).

Tulis (2022) tvrdi, Ze vzdelavanie (budicich) ucitelov by malo byt’
orientované na poskytnutie pedagogickych a psychologickych
poznatkov, ktoré budd n&pomocné pri planovani, realizacii a
hodnoteni eduka¢ného procesu. Planovanie, realizovanie a
hodnotenie vyucovacieho procesu mozno zastreSit pojmom
didaktické kompetencie. Hupkova, Petlék (2004) definuju
didaktické kompetencie ako schopnost’ ucitel'a dokladne poznat
obsah vzdelavania, riadit’ a usmeriiovat’ vychovno-vzdelavaci proces
s vyuzitim aktivizujlcich a kreativnych metdd. NaSe vnimanie
didaktickych kompetencii ugitel’a je v zhode so Sutédkovou (2017),
Sokolovou (2021) ai., ktoré ich chapu ako vedomosti, schopnosti a
zrucnosti potrebné pre planovanie, organizovanie, realizaciu a
hodnotenie  vychovno-vzdeldvacieho procesu. NaSe chapanie
didaktickej kompetencie presahuje g do vedomosti, schopnosti a
zruénosti ucitela vytvarat pozitivnu triednu klimu, budovat
disciplinu, vytvarat’ si prirodzenu autoritu a sebareflektovat’ vlastna
pedagogickii  Cinnost.  Ucitel s  rozvinutou didaktickou
kompetenciou pre nas predstavuje ucitel’a, ktory pozna aktualny stav
rozvoja svojich Ziakov, ma znalosti obsahu, procesu a metodiky

ucenia, ktoré mu dovoluji vyuzit vo vyucbe vhodné metody,
postupy, stratégie a pomocky, vd’aka ¢omu dochadza k optimalnemu
rozvoju vedomosti, schopnosti, zruénosti a osobnostnych vlastnosti
ziakov. Zaroven pozna a vo vyucbe vhodne aplikuje r6zne metddy a
formy hodnotenia ziakov a vie vyuzivat' i vhodné vychovné metddy,
ktorymi predchadza, prip. odstraniuje nevhodné prejavy spravania sa
Ziakov.

V pregradualnej priprave ucitelov st didaktické kompetencie
Studentov ucitel'stva rozvijané v teoretickej, ale i praktickej rovine
prostrednictvom viacerych predmetov — v3eobecna didaktika,
didaktika predmetov, vyskumny projekt didaktiky predmetov,
prostrednictvom pedagogickej praxe, ako i roznymi formami
vyucby.

Vyucovaci proces je vel'mi variabilny, jeho konkrétny priebeh zavisi
od mnohych C¢initelov. Pre ulitela je zlozité postupovat’ podla
nejakej vopred stanovengj Struktlry. Na druhej strane, je to proces
premydeny, systematicky, s logickou &ruktirou a vlastnou
dynamikou, ktory by mal byt ucitelom z didaktického hladiska
realizovany tak, aby podnecoval ucenie sa ziaka a rozvoj jeho
sposobilosti. Didaktické kompetencie ucitela pokryvaju ucitelove
vedomosti, schopnosti a zruénosti, ktoré mu umoziuji realizovat’
vyucovaci proces tak, ze bude reSpektovany princip kongruencie, ¢o
znamena, ze jednotlivé prvky a fazy vyucovacieho cyklu logicky na
seba nadvézuju a si navzajom kompatibilné. Kazdy cyklus za¢ina
pldnovanim, pokracuje realizaciou a vyGstuje do reflexie, ktora je
zarovenl vychodiskom d’alsiecho vyucovacieho cyklu (Ferencova,
Kosturkova, 2020).

2. yYSKUM DID@KTICKYCH KQMPETENCIi
STUDENTOV UCITEESTVA A UCITELCOV V
PRAXI

Cielom vyskumu bolo zistit' uroven a rozdiely v didaktickych
kompetenciéch Studentov ugitel'stva a ucitel'ov v praxi.

Dalsim vyskumnym zamerom bolo zrealizovat’ longitudindlne
sledovanie didaktickych kompetencii S$tudentov ugitel'stva —
uéitel'ov v pregradudlnej priprave.
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2.1 Vyskumny subor

Vyskumny stbor sme ziskali dostupnym vyberom a pozostava z
podsiiboru Studentov uditel’stva (N=925) a podstboru ucitelov v
praxi posobiacich v regiondnom Skolstve v predprimarnom,
primarnom, nizSom a vySom sekundarnom vzdelavani v SR
(N=443). Priemerny vek Studentov uditel'stva bol 20,44 rokov a
priemerny vek ucitelov v praxi 44,29 rokov. Z celkového
vyskumného podstboru ucitelov v pregradualnej priprave bolo 125
muzov (13,5%) a z podsuboru ucitelov v praxi bolo 48 muzov
(10,9%). V nasom vyskumnom subore je teda znacna dominancia
zien, Co je istym Specifikom ucitel'skej profesie — feminizéacia
ucitel'skej profesie.

2.2 Vyskumné metody

Na identifikovanie didaktickych kompetencii sme vyuzili Dotaznik
didaktickych kompetencii, ktorého autorkami s Rapsova,
Szijjartéova, Sittd (2021) a ktory bol overeny Ballovou
Mikuskovou (2022). Na zaklade fiou prezentovanych vysledkov
vykazuje dotaznik dobrd vnitorn konzistenciu a jednotlivé oblasti
didaktickych kompetencii spolu slvisia o¢akavanym smerom. Z
uvedeného dbvodu ho povaZzujeme za vhodny na vyskumné
pouzitie. Dotaznik je pouzitelny u ucitelov, pripadne Studentov
ucitel'stva a nema ¢asové obmedzenie (zvyc€ajne trva 10-15 minit).
Administrovany materid obsahuje 57 poloziek, ktoré si rozdelené
do 5 oblasti (planovanie a priprava, realizécia, triedna klima a
discipling, diagnostika a hodnotenie, sebareflexia), v ktorych sa
premietaju didaktické kompetencie ucitela. Respondenti hodnotia
jednatlivé polozky na 5-bodovej Skédle (1 — nikdy, 2 — obcas, 3 —
niekedy, 4 — Casto, 5 — vzdy). Prostrednictvom 3kd8y hodnotia do
akej miery, ako Casto konaju spésobom opisanym v jednotlivych
polozkéach. Pre kazdu dimenziu kompetencii v ramci jednotlivych
oblasti je pocitané priemerné skore (vy$Sie skore znamend lepSie
rozvinuté didaktické kompetencie).

Pre spracovanie da sme vyuzili Statisticky software IBM SPSS
Statistics v.27, licenéne zakiipeny a vyuzivany KPSP PF UKF v
Nitre.

2.3 Diferencie v didaktickych kompetenciach u Studentov
ucitel’stva a ucitel’ov v praxi

Jednym z ciel'ov nasho vyskumu bolo komparovat’ jednotlivé oblasti
didaktickych kompetencii Studentov ucitel'stva a uéitelov v praxi
(tabulka 1). Studenti ugitelstva vzhPadom na nedostatok praxe,
svoje didaktické kompetencie eSte nemusia mat dostatone
rozvinuté a v pouZzitych dotaznikoch reflektovali skor predstavu o
tom, akymi by chceli byt uéitelmi. Z analyz vyplyva, ze ucitelia
posobiaci v praxi maji v porovnani s budlGcimi uitelmi v
Statisticky vyznamnej miere viac rozvinuté didaktické kompetencie
v oblastiach planovanie a priprava vyucovacej hodiny, realizicia
vyucovacej hodiny, triedna klima a disciplina, diagnostika a
hodnotenie a sebareflexia

Tabul’ka 1 Porovnanie sStudentov ucitel'stva a ucitelov v praxi v ich

didaktickych kompetenciach
Didaktické
kompetencie t df P d
Planovanie apriprava | -5,640 1365 <,001 -0,326
Redlizécia -6,283 1363 <,001 -0,363
Triednaklima 6067 | 1364 | <001 | -0,351
adisciplina
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Diagnostika
ahodnotenie -8200 | 1361 | <001 | -0474
Sebareflexia -7,873 1360 <,001 -0,455

t —hodnota t-testu, df — stupne volnosti, p — signifikancia, d — Cohenovo d

Najvicsie rozdiely medzi Studentmi ucitel’stva a uéitelmi v praxi
sme zaznamendi v didaktickych kompetencidch sebareflexia a
diagnostika a hodnotenie. UCcitelia z praxe dosiahli v dimenzii
sebareflexia 0 0,37 bodu vysSie skére ako Studenti, rovnako i v
dimenzii diagnostika a hodnotenia vykazovali uciteliav praxi o 0,24
bodu vyssie skore ako budici ucitelia.

Signifikantne vyznamny rozdiel sme zaznamenali tiez v didaktickej
kompetencii planovanie a priprava a didaktickej kompetencii triedna
klima a disciplina, kde ucitelia v praxi dosiahli v uvedenych
didaktickych kompetenciach o 0,17 bodu vySSie priemerné skore v
porovnani s budiicimi uciteI'mi. V didaktickej kompetencii spojene;j
s realizaciou vyucovacej hodiny dosiahli ucitelia v praxi o 0,18 bodu
vySSie priemerné skére ako Studenti ucitel’stva.

Prostrednictvom grafu 1 prezentujeme porovnania priemernych
hodnét jednotlivych dimenzii didaktickych kompetencii Studentov
ucitel'stva a ucitelov v praxi, ktoré sme merali prostrednictvom
Dotaznika didaktickych kompetencii.

Graf 1 Porovnanie Studentov ucitelstva a ucitelov v praxi v ich

didaktickych kompetenciach

— x| 42 — 4,16
41 4,09 41 —
393 3,91 3,86

triedna klima a
disciplina

planovanie a priprava realizicia diagnostika a seba-hodnotenie

hodnotenie

Mérndanti Fnfitalia

24 Prierezové porovnanie didaktickych
Studentov ucitel’stva v Case

kompetencii

Nasim prvotnym zédmerom bola kompardcia didaktickych
kompetencii ucitel'ov v pregradualnej priprave a uéitelov v praxi v
case. Tento ciel’ sa nam vSak nepodarilo naplnit’, nakol’ko zhoda
participantov v roku 2022 a v roku 2023 bola minimdna. Z
uvedeného dbvodu sme sa zamerai na porovnanie Udrovne
didaktickych kompetencii Studentov bakalarskych uéitel'skych
Studijnych programov (tabulka 2). Meranie sme zredlizovali v
zimnom semestri ich prvého roku &ddia (rok 2022) a v zimnom
semestri v roku 2023, kedy navstevovali druhy roénik.

Z vydedkov vyplyva, Ze budici uditelia mali v roku 2022 v
porovnani s nasledujicim rokom 2023 v $atisticky vyznamnej
miere viac rozvinuté didaktické kompetencie spojené s planovanim
a pripravou vyucovacej hodiny.

Tabulka 2 Porovnanie didaktickych kompetencii Studentov
ucitelstva v case

rok N M D t daf D d
DK

2022 | 313 | 3,9 | 049
PeP =523 1304 [ 385 [ 050 | ~o0t | 622 | 0010 | 0,208
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R igﬁi ii ;Zg 8:23 0557 | 620 | 0578 | 0,045
TKaD igzz 3;;’ 252 g:g 1,875 | 621 | 0,061 | 0,150
DaH §8§§ zig 2:; 8:;'3 0978 | 618 | 0329 | 0,079
S §8§§ 2(1)3 2:?2 8:22 0931 | 617 | 0352 | 0,075

DK — didaktické kompetencie, PaP — planovanie a priprava, R — realizAcia,
TKaD — triedna klima a disciplina. DaH — diagnostika a hodnotenie. S —
sebareflexia, N — pocet, M — priemer, SD — Standardna odchylka t — hodnota
t-testu, df — stupne volnosti, p — signifikancia, d — Cohenovo d

Pri overovani rozdielov v Urovni rozvoja didaktickych kompetencii
budtcich ucitelov v roku 2022 a v roku 2023 sme signifikantne
vyznamny rozdiel zaznamenali len v didaktickej kompetencii
planovanie a priprava, kde Studenti v roku 2023 dosiahli 0 0,11 bodu
nizSe priemerné skdére ako v roku 2022. Rovnako g v inych
dimenziach didaktickych kompetencii bolo zistené nizSie priemerné
skére v roku 2023 v porovnani s rokom 2022. V didakticke)
kompetencii realizacia vyucovacej hodiny dosiali Studenti v roku
2023 0 0,02 bodu niZSie skore, v dimenzii triedna klima a disciplina
0 0,07 bodu niZSie skore, v dimenzii diagnostika a hodnotenie 0 0,04
bodu niZzSie skére a v sebareflexii 0 0,06 bodu nizSie priemerné
skore v porovnani s rokom 2022. Tieto rozdiely vSak neboli
Statisticky vyznamné.

3. DISKUSIA A ZAVER

Vo vyskume sme sa zamerali na zistovanie Grovne didaktickych
kompetencii $tudentov uditel'stva a ucitel'ov v praxi. Z naSich zisteni
vyplyva, Ze uditelia v praxi maji v porovnani s ulitelmi v
pregradualne priprave rozvinutejSie v3etky didaktické kompetencie,
hoci sl medzi nimi len minimdne rozdiely. Z kvalitativneho
hladiska mozno hovorit’ o zna¢nej rozvinutosti vSetkych oblasti
didaktickych kompetencii ucitelov v praxi, zatial ¢o u Studentov
ucitel'stva sa miera rozvinutia ich didaktickych kompetencii
pohybuje od priemernej az po znaént rozvinutost’.

Najviac rozvinutou didaktickou kompetenciou v oboch skupinach
respondentov je kompetencia spojena s vytvaranim a udrziavanim
pozitivnej klimy a discipliny na vyucovani. K rovnakym zisteniam
dospela g Ballova Mikuskova (2022), ktora sa vo svojom vyskume
zameriavala na meranie profesijnych kompetencii ucitelov a
Studentov ucitel'stva. Rovnako i Rapsova (2024) u 595 ucitelov
posobiacich v materskych, zékladnych a strednych Skoléch odhalila
najviac rozvinutejSiu didakticki kompetenciu v dimenzii triedna
klima a disciplina. Tato didakticka kompetencia sa ukézala ako
znacne rozvinuta aj u $tudentov ucitel'skych studijnych programov,
ktorych do svojho vyskumu zahrnuli Guttova, VereSova (2022).
Prave vytvaranie a udrzZiavanie pozitivnej klimy na vyucovani je
jednou zo zakladnych tuloh ucitela, nakolko ovplyviiuje ucebné
vykony ziakov, ich motivaciu, tvorivost a vztahy v triede
(Lomnicky akal., 2017).

Najvicsie rozdiely priemerného skore u Studentov a ucitel'ov v praxi
sme zaznamenali v didaktickej kompetencii v oblasti sebareflexie.
Studenti mali tito kompetenciu v porovnani s inymi oblastami
najmenegj rozvinuty. Sebareflexivnu kompetenciu vnimame v zhode
s Hupkovou, Petldkom (2004) a Hupkovou (2006) ako integrujucu
kompetenciu pri  rozvoji vSetkych ostatnych kompetencii,
sposobilosti a zrucnosti. S tymto nazorom sa stotoziujil i
Bruteni¢ova a kol. (2021) a Orosova, Petrikova, Starosta (2019),
ktorych vyskumné zistenia poukazuji na primerane rozvinut(
sebareflexivnu  kompetenciu  ugitelov. Vysledky ich vyskumu
naznacuju, ze slovenski ucitelia dokdzu redlne vnimat, poznat a

Vol. 14, issue 01

posudzovat’ seba samého, svoje schopnosti a moznosti, kontrolovat’
svoje spravanie a usmeriiovat seba samého, ¢o im pomaha
efektivne riadit’ vyuCovaci proces. S cielom rozvinut’ sebareflexiu,
ale 1 socidlne kompetencie Studentov ucitel'stva odporacame
zakomponovat" do pregradudlnej pripravy socialno-psychologicky
vycvik ako povinny predmet s vySSou casovou doticiou. Kurzov
sociano-psychologického  vycviku, kurzov na  rozvoj
komunikaénych a sebareflexivnych zruénosti by sa mali za¢astiiovat’
aj ulitelia v praxi. Sebareflexivnym zru¢nostiam by mali byt vedeni
Studenti uéitel'stva na kazdom predmete, ktory v ramci svojho §tadia
absolvuju. Ugitel' v praxi modze realizovat’ sebareflexiu a reflexiu
vlastngj préce v kontexte préace svojich kolegov. Ndpomocna moze
byt aj aktivna komunikacia so ziakmi a s rodi¢ovskou komunitou.

Z vyskumu tiez vyplyva, Ze pri diagnostikovani a hodnoteni Ziakov,
Studenti ucitel'stva a ucitelia v praxi do znaénej miery zadavaju
Ziakom rézne udlohy, ktoré preveruja ich kognitivne a non-
kognitivne procesy, poskytujii Ziakom moznost’ hodnotenia seba
samych, ba dokonca sa zhodujii v skutonosti, ze vysledky
diagnostikovania usmeriiuju ich eduka¢nu ¢innost’. Okrem toho sme
zistili, ze Studenti a ucitelia dokdzu adekvatne a na odbornej urovni
intervenovat’ vzniknuté (problémové) situacie v triede, no mensi
problém sa javi v schopnostiach identifikovat’ ziaka so Specialnymi
edukaénymi potrebami. Problémy v oblasti pedagogickel
diagnostiky potvrdili i vysledky viacerych vyskumov (Roviianova,
2017; BruteniCova a kol., 2021). Takéto zistenia povazujeme za
nepriaznivé, nakolko je pedagogickd diagnostika kazdodennou
samozrejmostou v praci ucitela. Na druhej strane vSak treba
spomenut’, ze existuje mnozstvo problémov, ktoré stazuju jej
praktické uplatnenie v praci ucitel'a. Odstranenie tychto nedostatkov
predpoklada rozvoj takych koncepcii pedagogicke diagnostiky,
ktoré by zohladnovali realne fungovanie skoly, ale i moZnosti
ucitel’a, ¢im sa posilnia i jeho diagnostické kompetencie.

Nas vyskum s parcialnym cielom merania didaktickych kompetencii
Studentov ucitel'stva a ucitelov v praxi povazujeme za jedinecny,
nakol’ko sa v naSom prostredi didaktické kompetencie ucitela
neskimaj U po celg ich Sirke, ale len parcidne. Ako priklad mozeme
uviest’ skiimanie didaktickej kompetencie ugitelov (Sutakova, 2017)
len vo vztahu k stanoveniu vychovno-vzdelavacich cielov a vyberu
vhodnych didaktickych metod. Didakticka kompetencia v3ak
spociva tieZz v schopnosti modifikovat ucebny obsah zo statickej
podoby ucebnych osnov, planovat a riadit' vychovno-vzdel&vaci
proces, spravne a vhodne volit metody a formy vo vyu€ovani,
pohotovo reagovat na chyby a nedostatky vo vedomostiach,
sposobilost’ pracovat’ s ucebnicou a odbornou literatdrou, spravne
formulovat’ otazky, vzbudzovat' zdujem ziakov o ucenie a i.
Mozeme teda konstatovat, Zze najvacsim problémom je nedostatok
vyskumov v oblasti celostného mapovania profesijnych kompetencii
slovenskych ucitel'ov.

Pozitivnym zistenim , ktoré vyplyva z nasho vyskumu je
skutoCnost’, Zze Studenti ucitel'stva, ako i ucitelia v praxi maji
jednotlivé didaktické kompetencie priemerne az znacne rozvinuté.
Odligné vysledky zaznamenali viaceré vyskumy (Celarové, 2010;
Valihorova, Keppertovd, Sukolova, 2016; Sutakova, 2017,
Rovnanova, 2017), ktoré naopak poukazali na nizku tdroven
didaktickych kompetencii u¢itel'ov. Prislusné vyskumy deklaruju, ze
slovenski ucitelia sice disponujii vysokou znalostou obsahu ucenia,
no maju problémy s metodickou strankou vyucby. Upozoriiujeme,
ze kvalitny ucitel musi poznat' a vyberat adekvatne metody,
postupy a stratégie, aby dokazal ucCinne rozvijat schopnosti,
vedomosti a osobnostné vlastnosti ziakov. Za ucelom rozvinut
didaktické kompetencie buducich ucitelov odporicame v
pregradualnej priprave zvysit' ¢asova dotaciu predmetu vSeobecna
didaktika a didaktika prislusného predmetu. Spominané predmety
odpora¢ame realizovat’ praktickou formou za aktivnej ucasti
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Studentov, ktori si prostrednictvom nacviku vyucby daného
predmetu, rozvinu zruCnosti spojené s planovanim, pripravou,
realizdciou a hodnotenim vyucovacieho procesu a ucebnych
vysledkov Ziakov. Na didaktickych kurzoch by s mali Studenti
zaroven osvojit’ prostrednictvom modelovych situdcii zo $kolského
prostredia zru¢nosti spojené s budovanim pozitivnej triedng klimy a
zruénosti v oblasti diagnostikovania a hodnotenia. Ugastnici
vzdelavania by mali byt neustdle konfrontovani so
spatnovdzbovymi informaciami, vd’aka ktorym sa rozvinie zaroven
ich sebareflexivna kompetencia.

Dalsim ciefom nagho vyskumu bolo zistit’ rozdiely v didaktickych
kompetenciach medzi budicimi ucitel'mi a ucitelmi posobiacimi v
praxi. Vysledky poukazuji na zistenie, Ze ucitelia v praxi maju v
porovnani so Studentmi ucitel'stva, vo vyznamnej miere viac
rozvinuté vSetky didaktické kompetencie. Najvécsie rozdiely sa
ukazali v didaktickych kompetenciach sebareflexia a diagnostika a
hodnotenie. Uvedené zistenia o rozvinutgSich didaktickych
kompetenciach ucitelov v praxi nie st prekvapenim, nakolko sa
predpoklada, ze uditelia prostrednictvom uspesne absolvovanej
pregradualnej pripravy nadobudli potrebné vedomosti, zru¢nosti a
sposobilosti a disponuju kompetenciami, ktoré su klucové pre
kvalitny vykon ucitel'skej profesie. Tieto kompetencie si zaroven
svojou vlastnou pedagogickou praxou rozvijgu. Pri vykone svojg
préce si konfrontovani so Skolskou praxou a ziskavaju pritom
mnozstvo  skusenosti, ktoré im pomahaji poznat blizsie
pedagogicky proces, skvalitnit’ vyucbu spravnou volbou metdd,
organiza¢nych foriem, vyuzitim rdéznych ucebnych postupov,
pomdcok, ale taktiez i vychovne pdsobit’ na ziakov a tak dotvarat
ich vSestranny harmonicky rozvo.

Daldim vyskumnym zamerom bolo zrealizovat' longitudindlne
sledovanie didaktickych kompetencii uéitelov v pregradualnej
priprave a v praxi. Tento ciel nebolo mozné naplnit’ kvoli
minimalnej zhode parcipantov v roku 2022 a v roku 2023. Nakoniec
sme pristipili ku komparécii didaktickych kompetencii Studentov
ucitel'stva. Meranie ich didaktickych kompetencii prebehlo s
roénym ¢asovym odstupom. V ¢ase prvého merania navstevovali
Studenti prvy ro¢nik vysokoskolského $tudia zameraného na
ucitel'ské Studijné programy. V roku 2023 sme namerali nizSie
priemerné skore vo vSetkych oblastiach didaktickych kompetencii v
porovnani s rokom 2022. Signifikantne vyznamny rozdiel sa ukazal
len v didaktickej kompetencii planovanie a priprava vyucovacej
hodiny. Tieto vydedky povaZzujeme za zaujimavé, pretoze by sme
mohli predpokladat’, ze pribudajicimi rokmi Stidia dosiahnu
Sudenti v jednotlivych didaktickych kompetenciach lepSie
vysledky, na zdklade ¢oho by sme mohli hovorit o postupnom
rozvoji tychto kompetencii. Uvedené zistenia s vSak mdzeme
vysvetlit' tym, Ze vstupné meranie didaktickych kompetencii
Studentov prebehlo v prvom roku ich Stidia, kedy este nemali
absolvovany predmet vSeobecna didaktika, ani didaktika predmetov
a zaroven nemali ziadnu skusenost’ s vyucovacou hodinou a so
ziakmi, preto pri vypliani dotaznika vyjadrovali v odpovediach skér
svoje predstavy seba ako uéitel’a. V tychto odpovediach tak Studenti
pravdepodobne premietali svoje predstavy o idedlnom ucitel'ovi,
zatial' ¢o v nasledujucom roku svojho $tudia mali absolvovanu
hospitaénu prax, pripadne i asistentski prax, a na prislusné otazky
odpovedali skor z pohl'adu prvotnych skusenosti so Skolskou praxou
a z pohl'adu vlastnych nadobudnutych vedomosti a zruénosti.

Sumérnym pohl'adom na nami prezentované vysledky konstatujeme,
Ze didaktické kompetencie Studentov uéitel’stva a uditelov v praxi st
priemerne, az znaCne rozvinuté. Na zaklade uvedeného mozno
tvrdit, Ze pregradualna priprava ucitel'ov pravdepodobne vyznamne
prispieva k rozvoju kompetencii nevyhnutych pre kvalitny vykon
ucitel'skej profesie. S cielom dalSieho skvalitnenia profesijnych
kompetencii buducich uditefov odpori¢ame v pregradudne)
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priprave skvalitnit' a zvysit' rozsah pedagogickej praxe. Na toto
odporacanie centruju pozornost’ i krajiny OECD v sutvislosti s
vysledkami medzinarodnych merni PISA. Prave prostrednictvom
praxe ziskaju $tudenti u¢itel'skych Studijnych programov praktické
skisenosti s vychovou a vzdelavanim deti a Ziakov, nadobudni
skiisenosti v rieSeni problémov Skolskej praxe arozvini si tak svoje
profesijné kompetencie. V sividosti s pregraduanou pripravou je
potrebné upriamit’ pozornost na déleziti ulohu vysokoskolskych
pedag6gov, ktori okrem sprostredkovania podstatnych vedomosti,
zarovenl svojimi nazormi a postojmi ovplyviiuju aj osobnost’
Studentov. Univerzity a vysoké Skoly by mali preto dbat’ na to, aby
zamestnavali erudovanych a osobnostne kultivovanych pedag6gov.
Odbornost’ pedagégov v naSom Skolstve je samozrejmostou, no
niekedy sa vynéra problém sivisiaci sich chybajicou pedagogickou
kvalifikaciou, ¢o moéze v kone¢nom dosledku sposobit’ to, ze
vysokoskolsky pedagdg je sice odbornikom vo svojom odbore, ae
chybaju mu pedagogické a didaktické vedomosti a zru¢nosti, vd’aka
ktorym vie $tudentom prislusné vedomosti ucinne sprostredkovat’.
Vychadzajuc z tohto problému odporic¢ame implementovat do
legislativy povinnost pedagogickej kvalifikdcie vysokoskolskych
ucitelov. Myslime si, ze vysokoskolski pedagdgovia by mali mat’
zéroven praktické skusenosti z vyucovania na tom type Skoly
(materska Skola, zakladna skola, stredna kola), pre ktord pripravuja
svojich &udentov — buddcich ucitelov. Vyznamnym zdrojom
rozvoja kompetencii ucitel'ov v praxi je aj kontinualne vzdelavanie,
ktoré pontka rézne moZnosti na skvalitnenie &i prehibenie
profesijnych kompetencii v organizaciach uréenych platnou
legislativou. Aj v tomto pripade plati vyssie uvedené odporticanie
vztahujice sa k potrebe pedagogicke kvalifikécie lektorov
akreditovanych kurzov d’al§ieho vzdelavania pre ucitel'ov. Mame za
to, ze rozvinut' didaktické kompetencie buducich ucitelov alebo
ucitelov v praxi je mozné len pod vedenim vysokoSkolského
pedagbga, ktory sadm disponuje rozvinutymi  didaktickymi
kompetenciami. Za ucelom rozvoja didaktickych kompetencii
odpora¢ame ucitelom z praxe kooperovat’ so svojimi kolegami,
vymienat si skusenosti s vyberom a pouzivanim vhodnych
vychovno-vzdelavacich stratégii. Vzdjomna kooperacia uéitelov
prispieva k efektivnemu uéeniu sa ucitel’ov, k profesijnému rozvoju
a k pracovnej spokojnosti, ¢o sa odzrkadli na kvalite vychovno-
vzdelavacieho procesu. S cielom kooperacie a vymeny skusenosti
odpori¢ame tiez, aby sa ucitelia aktivne zapajili do Clenstva v
profesijnych zdruzeniach, komorach alebo skupindch ucitelov. V
stvislosti s uvedenym odporuanim povazujeme za potrebné, aby
vedenie $kol vytvorilo pre ucitelov vhodné podmienky na ich
spolupracu a podporovalo ich profesijny rast. Spolupracu ucitel'ov je
potrebné zvysovat’ nielen na urovni jednej $koly, ale aj na vys$sich
urovniach (spolupraca §kol). Za tymto tcelom je vhodné posilnit’
prepojenie medzi zékladnymi, strednymi a vysokymi skolami vo
vyucbe a vyskume. Hlavny prinos vidime predovsetkym v kontexte
skvalitnenia pregradudlnej pripravy uditefov v smere zhodnom so
stiasnymi poziadavkami, prepojenim teorie s praxou. Ako prinosné
pre rozvoj didaktickych kompetencii sa javi posilnenie metodicke)
podpory na zakladnych, strednych, vysokych Skolach a univerzitach
v podobe tvorby a distribicie didaktik, metodickych priruciek,
interaktivnych priruciek, doplnkovych textov a pod. Zo skusenosti z
praxe a z viacerych vyskumov vyplyva, Zze ucitelom,
vysokoskolskym pedagdégom a lektorom sa nedostdva dostatocne;j
metodicke] podpory facilitujucej moderné metddy vyucby. Ucitelia
by isto prijali, keby okrem publikacii metodického charakteru, mohli
vyuzivat’ aj moderné ucebnice réznych predmetov, ktoré by skolska
kniZnica zaradila do svojej ponuky a pravidelne ich aktualizovala.
Dolezita Glohu v samotnom skvalitiovani nehraju len motivovani
ucitelia s odbornymi vedomostami a pozadovanymi osobnostnymi
kvalitami, ale i Skolské institicie, v ktorych ucitelia podsobia.
Myslime si, Ze kazda $kola by mala mat’ vypracovany systém
d’alSiecho vzdelavania zohladnujici zaujmy a potreby samotného
ucitel'a a vedenie $koly by malo podporovat odborny rast ucitelov
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vo vSetkych sférach ich pedagogického pdsobenia, ¢o je zarukou
napredovania ulitelov, ziakov a tym aj Skoly ako vzdelavacej
intiticie. Je zremé, Ze na ceste za kvalitou Skolstva zohrava
rozhodujicu Ulohu a Ministerstvo Skolstva, vyskumu, vyvoja a
mladeze SR, ktoré by malo uskutoénit’ systémové zmeny a
motivovat’ ucitelov k sebavzdelavaniu a k ucasti na svojom
osobnostnom rozvoji. V zmysle rozvoja profesijnych kompetencii
utitelov je dolezité a nevyhnutné, aby bolo ziskavanie a
rozSrovanie kompetencii a zru¢nosti prostrednictvom d’alicho
vzdelavania adekvatne finan¢ne ohodnotené. Platobné podmienky
uditelov st neadekvatne k zodpovednosti a mnozstvu kompetencii,
ktoré musi ucitel’ uplatiiovat’ vo svojej praci. Rozhodujiicou sa stava
uloha vytvorit pre kazdého ucitela celozivotny pristup k
moznostiam vzdelavat' sa, rozvijat' svoje zrucnosti a kompetencie
pocas celého zivota, v kazdom zivotnom S$tddiu a s ohladom na
individualne potreby a okolnosti tak, aby kazdy uéitel mohol
realizovat’ svoj potencial nielen v pracovnom, ale i osobnom Zivote.
Toto odporudanie je zaroven jednym zo zakladnych principov
Stratégie cel ozivotného vzdel avania a poradenstva 2021 — 2030.

Nami formulované odportcania su smerované jednak k inStitGciam
zastreSujucim vzdelavanie Studentov ucitel'stva a ucitelov v praxi,
jednak k ucitelom, vysokoskolskym pedagégom a lektorom, jednak
k samotnym buducim uéitel'om alebo uéitel'om v praxi. VSetky tieto
cielové kategérie st navzajom prepojené a bez ich spoluprace,
podpory a (seba)motivacie nie je mozné, aby v Skolstve pdsobili
uditelia s rozvinutymi profesijnymi kompetenciami, ktoré su
zarukou kvalitného vykonu ucitel'skej profesie prejavujiiceho sa
pozadovanymi uc¢ebnymi vysledkami, pozitivnou skolskou klimou a
spokojnost'ou ziakov.
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Abstract Artefiletics is an effective method aimed at improving the
condition of students with developmental learning disabilities,
particularly in social and emotional domains. The goal of this study
is to verify the effectiveness of artefiletic activities in the context of
supporting a positive classroom climate. The authors describe a
modified intervention program utilizing the principles of artefiletics
within the educational process. A pilot implementation of the
program took place in 2024 with secondary school students in the
Trnava region. A group of 20 students participated in the
intervention. To evaluate the intervention, the "Our Class"
questionnaire, designed to measure classroom social climate, was
used. Following the implementation of the artefiletic activity
program, improvements were observed in the monitored areas,
particularly significant among students with special educational
needs.

Keywords Social climate. Developmental learning disorders. High
schools. Pupils with learning disabilities. Artephyletics. Projecting
artephyletic activities.

1. INTRODUCTION

Specific learning disabilities (SLD), also referred to by some authors
as developmental learning disorders (DLD), affect approximately
16,000 Slovak children (2-5% of the child population). Therefore,
considering the prevalence within the child population, it is clear
that this is a significant issue.

These disorders impact a student’s ability to interpret what they see
and hear, or their ability to integrate information from various parts
of the brain. Learning disabilities greatly influence a student's
academic performance and also affect classroom climate, as they
impact daily interactions and relationships with peers. Some
students may experience multiple learning  disabilities
simultaneously, while others may have only one specific disorder in
isolation. This variation requires an individualized approach, as each
student is unique and naturally differs in their developmental pace.

In addition to standard special-education procedures and
interventions for educating these students, artephiletics can also be
utilized as an effective method aimed at improving their skills,
particularly in social and emotional areas.

According to Sender, B. (2022), artephiletics uses drawing, painting,
and modeling techniques to help students with behavioral disorders
learn to solve their own emotional problems, improve their social
skills, control their behavior, cope with stress, and increase self-
awareness. Biel¢ikova, K. and Sender, B. (2024), in their theoretical
study, have confirmed that artephyletic activities represent an
innovative approach to social support and are widely applicable as a
way of providing support not only to individuals with DLD, but also
to groups or entire communities.

Students with DLD often exhibit greater emotional instability, lower
self-confidence, and negative attitudes toward their surroundings.
Sender B., Biel¢ikova K. and Zovinec E. (2024) claim that these
students have to exert much more effort, which can alsohave an
impact on their psychological well-being. One way to help these
students and enhance their self-confidence is to integrate artephiletic
activities into their education. Experiencing success and positive
emotions through creative artistic expression can support them in
multiple problematic areas (see also: Turzak, T., Polackova, V.,
Melisekova Dojcanova, A., 2023).

Artistic expression is an invaluable means of communication,
especially for those who have difficulty expressing their thoughts
verbally (Sender, B, 2023). Several international research studies
demonstrate the positive impact of artistic activities in educating this
group of students. Most foreign studies view artephiletic activities as
complementary to traditional special-education interventions.
Results aligning with our objectives can be found, for instance, in
the work of Karimi D. A. and Yazdanpanahi, R. (2024). Their study
aimed to examine the effect of an artephiletic program on hostility,
shyness, and social skills among students (including those with
learning disabilities) at the high school level. The experimental
group showed a significant reduction in shyness and considerable
improvement in social skills compared to the control group after just
eight weeks of intervention. The authors emphasize that artephiletic
activities are an effective tool for fostering a positive classroom
climate and supporting the inclusion of students with developmental
learning disorders.

Similar outcomes are reported by Saunders, E. J., and Saunders, J.
A. (2000), who noted improvements in the social domain.
Furthermore, Freilich, R., and Shechtman, Z. (2010), in their study,
highlighted an important observation: no statistically significant
educational differences were recorded between the experimental and
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control groups, with both showing similar improvements. However,
significant differences between the groups were identified in social
and emotional areas.

Numerous similar studies could be cited. Such findings support the
relevance of applying artephiletic principles in secondary education,
particularly among students with developmental or other learning
disorders. Intervention programs using artephiletic activities should
particularly aim at fostering so-called soft skills, ideally contributing
to improved social climate within the classroom.

1.1 Supportive intervention program using the principles
of artephyletics in the teaching process

The aim of the study is to verify the effectiveness of a modified
intervention program utilizing artephiletic principles in the
educational process at secondary school. The intention is to improve
the classroom climate among students with developmental learning
disorders. In the following section, we describe the content of the
modified intervention program we utilized.

The proposed artephiletic program, with specific areas and
activities, was inspired by the work of Slavik, J., EliaSova, S., and
Slavikova, V. (2015). The program was also created based on
recommendations from international literature, particularly by
authors Losinski, M., Hughey, J., and Maag, J. W. (2016), who
outlined specific steps and principles for the most effective planning
of such activities. During planning, we adhered to the individual
steps of the artephiletic intervention activities process and design
(modified according to Losinski, M., Hughey, J., Maag, J. W.,
2016). For further details, see Turzak, T., Polackova, V.,
Melisekova Dojcanova, A. (2023) and Kollarova, D., Melisekova
Dojcanova, A, (2024).

We implemented the artephiletic activity intervention program to
support classroom climate as a two-hour block once weekly in the
first year of secondary school over three months (November 2024 —
January 2025). It consisted of three main areas, each comprising
several linked activities.

Area: Colors

1st Block - Activation: Students select a hat, cap, or baseball cap
provided and put it on their heads. They move around the space and
greet each other without speaking—waving, smiling, shaking hands,
tipping hats, touching briefly, making eye contact, holding hands,
and spinning around (approx. 3-5 min). They then sit in a circle on
the floor, taking turns answering the teacher's questions about where
they live, if they have their room, and if they share it. After
responding, students place their hats in the circle's center. The
discussion continues with the question of whether each student
could draw their house.

2nd Block - Each student draws their house on a paper (approx. 10
min). The teacher may comment verbally during their work. The
primary creative activity involves splitting students into two groups,
each working at a table with a large sheet of wrapping paper. Each
student pastes their drawn house anywhere on the paper. Students
receive a paper cup of tempera paint and a brush, with colors
distributed randomly. They use their colors to connect the houses,
exploring the paper freely, as if visiting neighbors. Colors may
meet, avoid each other, or move freely across the paper. Students
work silently for 15 minutes. The activity concludes with relaxation
thoughts and reflection—discussing dominant colors, preferences,
challenges, and color combinations formed.
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Area: Portrait as Metaphor

3rd Block - Portraits are considered within the context of visual art.
Portraits select external and internal characteristics that the artist
tries to express visually. Here, a general metaphor principle is
applied, extending beyond visual art. Students represent their
portraits verbally (with one or three words), musically (using
instruments or sounds), or physically (through pantomime, facial
expressions, and gestures). This targeted approach to portraits
enhances mutual understanding and comparing impressions among
classmates.

4th Block - Working with oil pastels and paper, students sit in a
circle, observe their facial details in a mirror, then draw themselves
as they perceive themselves. Subsequently, in small groups, they
also draw a literary or movie hero with whom they identify.

Area: Portrait — Organizing Objects into Wholes

5th Block - Students explore self-image and others’ perceptions
through visual appearance. They transform communicative content
into visual metaphor mosaics as portraits. Working individually,
students use paper, colorful magazines, flyers, and glue to replace
facial features with objects cut from printed materials, visually
expressing metaphoric characteristics.

6th Block — Reflective Dialogue: Active mutual communication
deepens understanding and fosters creative thinking. Students
actively discuss new insights from their experiential processes.
Confronting differing opinions helps students recognize their unique
experiences, enriching mutual respect. Reflective self-questioning—
what they created, how, and motivations behind their creations—
promotes deeper self-awareness. Aligning and contrasting individual
student experiences are crucial for guiding adults’ personal
competencies, managing group dynamics, empathetic responses, and
feedback-based reflection.

Acrtephiletics is grounded in experiential learning, focusing on
experiences and personal reflections. It is uniquely designed to bring
education closer to students' personal experiences, making reflective
processes essential.

2. METHODS AND METHODOLOGY OF PILOT
TESTING OF THE INTERVENTION PROGRAM

The aim of the research was to conduct a pilot verification of the
effectiveness of an intervention program applying the principles of
artefiletics within the teaching process. The implemented program
focused on supporting the social climate in a classroom of first-year
secondary school students with specific learning disabilities (SLD).
In relation to the main research aim, the following research
questions were formulated:

- How will secondary school students evaluate classroom
satisfaction, conflicts, and peer cohesion before and after the
implementation of our intervention?

- What differences in the assessment of the monitored areas will be
recorded before and after the implementation of our intervention
among students with specific learning disabilities?

Sample

The pilot verification of the intervention program involved 21 first-
year secondary school students over a period of 3 months (from
November 2024 to January 2025). The intervention was
implemented in a classroom with 14 boys and 7 girls. The classroom
also included students with learning disabilities, specifically: two
boys diagnosed with ADHD (one of whom also had a co-occurring
communication disorder and came from a bilingual background —
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his father’s native language was different from Slovak), one girl
with a communication disorder.

The sampling had the character of purposive selection. For the
purposes of the pilot research, we deliberately selected a class with a
higher proportion of students with special educational needs.
Additionally, no prior diagnostics of social relations had been
carried out in this class, nor had any interventions focused on
supporting the social and classroom climate been implemented
before.

Data collection methods, data analysis, and research methodology
The results were obtained by administering the "Our Class"
questionnaire (Nasa trieda) by Lasek, J. & Mares, J. (1991), which
allows assessment of the classroom social climate based on five
dimensions (i.e., five variables). The questionnaire contains 25 items
(questions) in total and focuses on the following areas:

Classroom satisfaction — evaluates how students perceive their
classroom, their satisfaction level, and overall sense of well-being.
(Items: 1, 6, 11, 16, 21)

Classroom conflicts — explores interpersonal issues, frequency and
intensity of tensions, disputes, conflicts, fights, and inappropriate
behavior in social interactions. (Items: 2, 7, 12, 17, 22)

Classroom competitiveness — examines competitiveness among
students, efforts to stand out, and the emotional impact of school
failures. (Items: 3, 8, 13, 18, 23)

Academic demands - assesses how students perceive school
demands and how difficult they find their studies. (Items: 4, 9, 14,
19, 24)

Student cohesion — investigates friendly and unfriendly relationships
among students, as well as the overall level of class cohesion.
(Items: 5, 10, 15, 20, 25) (For more details, see Lasek, J., Mares, I.,
1991)

For the purposes of this study, we analyzed and present in the text
only the results related to classroom satisfaction, conflicts, and
student cohesion. Considering the research aim (to pilot test the
effectiveness of the program), the statistical analysis of the data was
carried out at a descriptive level only at this stage.

3. RESULTS

Our aim was to examine how secondary school students would
evaluate classroom satisfaction, peer conflict, and group cohesion
before and after the implementation of our intervention. In the
following section, we present the findings obtained through the
classroom climate assessment, as described in the previous
methodology. The effectiveness of the intervention is illustrated
through a series of graphs.

The first domain we monitored was “classroom satisfaction.” This
was assessed using the research tool through a set of items
(questions 1, 6, 11, 16, and 21), which evaluate how students
perceive their classroom environment, including their overall sense
of satisfaction and well-being.

Initial results indicated the following: In response to item 1, which
examined whether students enjoy schoolwork, 12 students
responded positively. However, all three students with specific
learning disabilities (SLD) stated they did not enjoy schoolwork. On
item 6, which explored whether all students are happy in class, 11
students answered positively. Again, students with SLD
unanimously stated that not all classmates are happy. On item 11,
ten students reported they liked their class. For item 16, which asked
whether some students dislike being in the classroom, nine students
responded affirmatively. Finally, item 21 explored whether students
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perceive humor and fun in the classroom. Fourteen students
answered positively, while seven reported they did not notice any
humor or playfulness. After the intervention, the results showed
marked improvements: Eighteen students reported enjoying
schoolwork, suggesting an increase of six positive responses. Only
six students still believed some of their classmates were not happy,
while the majority perceived a more positive emotional climate.
Twenty students reported liking their classroom, and only three felt
some students did not enjoy being part of it. Notably, in item 21, 19
students stated they noticed humor and fun in class, compared to
only 14 before. The graphical representation clearly demonstrates
that, following the implementation of our artefiletic program,
improvements were observed across all five items related to
classroom satisfaction. Specifically:

= Item 1 (enjoyment of schoolwork): an increase from 12 to 18
points (+6)

= Item 6 (happiness of classmates): an increase of 5 points

= Item 11 (liking the class): an improvement of 10 points

= Item 16 (some students dislike the classroom): improved from
12 to 18 points

= Item 21 (humor and fun in class): increased from 14 to 19
points (+5)

In summary, the post-intervention results indicate a consistent
improvement in students’ perceptions of classroom satisfaction
across all observed indicators. Within just three months, the
artefiletic program contributed to creating a more positive and
enjoyable classroom climate. This was evidenced by a total
improvement of 10 points out of a possible 21 in the overall
satisfaction score.

Graph 1: Frequency of Classroom Satisfaction Ratings Before and
After the Implemented Intervention Program
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Graph 2: Frequency of Classroom Conflict Ratings Before and After
the Implemented Intervention Program
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Nineteen students reported that occasional conflicts occur among
classmates. Nine students perceived selfish behavior among their
peers. All 21 students indicated that some classmates intentionally
provoke or annoy others. In response to whether there are students
in the class to whom others must adapt, 13 students answered
affirmatively. Furthermore, 15 students confirmed the frequent
occurrence of arguments.

Graph 3: Frequency of Student Cohesion Ratings Before and After
the Implemented Intervention Program
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Out of a total of 21 students, only five perceived the class as a group
of friends (these five students form a close-knit group that also
socializes outside of school). Sixteen students did not perceive the
class as a community of friends. Five students reported having close,
trusted friendships within the classroom. Similarly, five students
evaluated the overall sense of mutual tolerance among classmates
positively. Only four students perceived strong mutual friendships
among their peers in the classroom.

4. DISCUSSION AND CONCLUSION

In line with the research objectives, we conducted a separate
analysis of frequency tables (in selected areas) for both the pre-test
and post-test phases, with a specific focus on students with specific
learning disabilities (SLD). Students with SLD (referred to here as
Student 1, Student 2, and Student 3) demonstrated negative
responses in the pre-test phase on items related to classroom
satisfaction. For example, when asked whether they enjoyed
schoolwork, all three answered negatively. After implementing our
artefiletic intervention program, all three students provided positive
responses to the same items in the post-test phase. Similar trends
were observed in other areas, suggesting more positive evaluations
by students with SLD compared to their typically developing peers
following the intervention.

It is evident that artefiletics contributes meaningfully to improving
the social climate within the classroom. This method proves to be
effective both as a primary intervention and as a complementary
approach—for both typically developing students and those with
health or learning disadvantages. Our findings indicate that
artefiletic activities particularly enhance students’ subjective
perception of satisfaction in the classroom among those with
learning difficulties. In comparison with their peers, these students
reported a significantly greater reduction in classroom conflict
following the implementation of the program. Beyond this, we also
recorded meaningful improvements in the area of perceived student
cohesion for learners with special educational needs.

The findings of our pilot study are consistent with several
international research studies in this field. Most available studies
report significant improvements in students’ social and emotional
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domains following participation in artefiletic activities, while the
impact on academic outcomes tends to be less pronounced.

Lavric and Soponaru (2023) conducted a study analyzing the effects
of a structured group-based artefiletic program on empathy,
prosocial behavior, and anxiety levels in students with special
educational needs, including those with SLD. They found a
statistically significant increase in both empathy and prosocial
behavior in the experimental group that participated in the program.
Acrtefiletic activities implemented in the school environment can
significantly reduce experienced anxiety—particularly in students
with SLD—and foster empathy and prosocial behavior. These
outcomes directly contribute to a more positive social climate in the
classroom.

Similarly, Lim (2014) investigated the effectiveness of a group-
based art therapy program aimed at enhancing self-esteem and
social skills among adolescents with specific learning disabilities.
His findings showed marked improvement in both self-esteem and
social competencies after participation in the program. The author
emphasized that group-based art therapy and artefiletic interventions
serve as effective tools for promoting social inclusion and
psychological well-being among adolescents with SLD in school
settings.

Several additional studies report comparable results, some of which
were discussed in the introductory section of this study.

Study Limitations and Future Directions:

In conclusion, several limitations of the present study should be
acknowledged. Despite the relatively long duration of the
intervention (one of the strengths of this research), the study would
benefit from a larger research sample. Our findings suggest that
artefiletic activities should ideally be implemented continuously
throughout the entire school year. In this sense, they can also be
understood as a preventive tool against deteriorating classroom
climate and the development of undesirable social and behavioral
problems.
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Abstrakt  Borovice (Pinus sp.) predstavuja  jednu  z
najvyznamnejsich skupin ihli¢natych drevin severnej pologule, ktora
zohréava délezita tlohu nielen z ekologického, ale g hospodéarskeho,
krajinotvorného a kultirneho hl'adiska. Vyznacuji sa Sirokou
ekologickou  prispdsobivostou, druhovou rozmanitostou a
rozsiahlym geografickym rozsirenim — od morského pobrezia az po
vysokohorské oblasti. Na Slovensku sa borovice uplatnili ako
autochténne druhy v prirodzenych ekosystémoch, ale g ako
introdukované dreviny v  rekultivaénych, ochrannych ¢i
produkénych porastoch. Okrem ich praktického vyznamu si viaceré
exemplare borovic ziskali aj S$tat(it chranenych stromov vd'aka
svojim mimoriadnym ekologickym, historickym ¢&i estetickym
hodnotam. Této préca sa zameriava na prehlad taxonomického
zaradenia, ekologickel adruhove diverzity rodu Pinus s dérazom na
rozSirenie, vyznam a ochranu borovic na Uzemi Slovenske
republiky. Zvlastna pozornost’ je venovana chranenym jedincom,
ktoré reprezentujd kultdrne dedigstvo a biologicka hodnotu nasho
Uzemia.

KTPacové slova Pinus sp., pévodné a nepdvodné druhy, Slovensko,
vyznam

1. BOROVICA (PINUS SP.)

Borovica (Pinus) je rod neopadavych ihli¢natych drevin, Castejsie
stromov, zaradeny do oddelenia: borovicorasty (Pinophyta), triedy:
ihliénany (Pinopsida) a ¢el'ade: borovicovité (Pinaceae). Odhaduje
sa, ze zahfna okolo 110 druhov (Farjon, 2021; Gernandt et al.,
2005). Borovice s rozSirené nielen na severnej, ae i juzng
pologuli, a to vo vyskach od Urovne mora az po hornd hranicu lesa.
Ekologickd valencia a distriblcia rodu borovica je druhovo
individudina, od kozmopolitnej borovice lesngj (Pinus sylvestrisL.),
s prirodzenym vyskytom od Skétska po Sibir, aZ po endemit
Kanarskych ostrovov borovicu kanéarsku (Pinus canariensis C.Sm).

1.1 RozSirenie a druhové zastipenie borovic na Slovensku
Porasty borovic maju na Slovensku vyznamné postavenie, nakol’ko

su po smreku druhym najpocetnej$im rodom ihli¢natych drevin s
aktualnym zastpenim 6,4 % , ¢o predstavuje takmer 130 tis. ha

lesng plochy (Zelena sprava, 2024). Na Gzemi Slovenska su
autochtonnymi  druhmi  borovica lesnd — sosna (P. sylvestris),
postupne vytlaCana na extrémne stanovistia, borovica horska —
kosodrevina (P. mugo Turra), tvoriaca samostatny vegetaény stupeil
a borovica limba (P. cembra L.), zachovand vo vySSich
nadmorskych vyskach, aviak na rozdiel od Alp netvoriaca vlastny
vegetacny stupen, len primes v smrecinach a porastoch kosodreviny
(Kormutdk et al., 2013). V ramci lesnych spolocenstiev, ale aj
sidelnej vegetacie bola vyznamne introdukovana borovica Cierna
(P.nigra Arnold), vyuzivana predovsetkym ako produkéna a
meliora¢na drevina (Tokar a Krekulova, 2005). V Kremnici bolo jej
semeno pochédzajlce z Dolného Rakuska vysiate uz v roku 1769
(Nozicka, 1969). Z ihlicnatych drevin je borovica Cierna
najcastejSou cudzokrajnou drevinou pestovanou na Slovensku
(Pagan, 1996). Z inych nepbvodnych druhov borovic sa v naSich
lesoch vysadzala tiez borovica hladké — vejmutovka (P. strobus L.),
avsak jg zastUpenie medzi introdukovanymi drevinami v lesoch
Slovenskej republiky sa odhaduje len na 0,1 %, zatial’ o u borovice
Ciernej 14,7 % (Kapusta, 2023). Ostatné alochténne druhy Pinus sp.
st suCastou najmid vegetacie parkov, zahrad, arborét a pod.
Nepredstavuju hospodarsky vyznamné dreviny, plnia ucel esteticky,
socialny, edukaény, vedecky a i.

Introdukcia nepévodnych druhov v na zaciatku 18. storocia do
Eurépy vznikla ako odraz nedostatku dreva. Na Slovensku sa popri
P. nigra najviac uplatiiovala P. strobus (Holub¢ik, 1968). MenSie
reprodukéné plochy boli vytvarané aj z inych druhov borovic ako
napr. borovica sto¢ena (P. contorta Dougl. ex Loud.), borovica
tazka — borovica Zlta (P. ponderosa Dougl. ex Laws.), borovica
Banksova (P. banksiana Lamb), borovica tuha (P. rigida Mill., P.
serotina Michx.). Nédedne v3ak doSo k ich postupnému
zmieSavaniu s doméacimi druhmi, aZ k ich zaniku ako produkénych
ploch (Bencat', 1982).

Dalsie nepévodné druhy rodu Pinus na naom Uzemi, ktorymi st
napr. borovica ostitéa (P. aristata Engelm.), borovica Armandova (P.
armandii Franch.), borovica Bungeho (P. bungeana Zucc. ex Endl.),
borovica Coulterova (P. coulteri D. Don), borovica hustokveta —
japonska &ervena borovica (P. densiflora S. & Z.), borovica chybna
(P. flexilis James), borovica pancierova (P. heldreichii Christ.),
borovica Jeffreyova (P. jeffreyi Grev. & Balf.), borovica korejska
(P. koraiensis S. & Z.), borovica pohorska (P. monticola Dougl. ex
D. Don), borovica maokveta — japonska biela borovica (P.

58



GRANT journal
ISSN 1805-062X, 1805-0638 (online)

EUROPEAN GRANT PROJECTS | RESULTS | RESEARCH & DEVELOPMENT | SCIENCE

parviflora S. & Z.), borovica balkanska (P. peuce Griseb), borovica
Gervena (P. resinosa Ait.), borovica sibirska (P. sibirica Du Tour),
borovica ¢inska (P. sinensis D. Don), P. tabuliformis Carr., P.
thunbergii Parl., borovica barinnd (P. uncinata Mill. ex Mirb.) a
borovica himalgska (P. wallichiana A.B. Jacks.) su zvicsa
vysadzané ako malé populécie v arborétach, botanickych a
okrasnych zéhradéch, alebo ako solitéry v parkoch a zdhradach
(Benéat, 1982; Cervenka et al., 1986; Hotka a Barta, 2012). So
zvySenymi moznostami cestovania, otvorenymi hranicami v EU,
mozeme predpokladat, Zze na individudlnej urovni moze
antropogénnou ¢innostou dochadzat’ k introdukcii novych,
pestovatel'sky zaujimavych druhov rodu Pinus na Uzemie
Slovenska.

1.2 Vyznam pestovania borovic na Slovensku

Vyznam P. nigra nespociva v produkcii drevnej hmoty, ale
predovsetkym v tom, Ze sa vyuziva ako priekopnicka a melioraéna
drevina na degradovanych pddach, na zalesiiovanie krasovych
oblasti, kde rychlo rastie, tvori bohati korunu, méa kaZzdoro¢ny
bohaty opad ihli¢ia, a tak prispieva k vytvaraniu novych pddnych
vrstiev. Dobre znaSa abioticky stres ako sucho, vietor emisie a
exhaéty. Je najCastejSie vysadzanou drevinou  na
najnepriaznivejSich pddach (Pagan, 1996).

P. mugo je mimoriadne prisposobiva a na podmienky nenaroéna
drevina, ktora ma schopnost’ rast’ v extrémnych podmienkach, kde
tvori rozsiahle porasty v subalpinskom stupni. Tam sa uplatiiuje
predovsetkym jg protier6zna, pddoochranna a hospodarska funkcia
(Pagan, 1996).

Hospodarsky, ekonomicky prinosny a drevospracovatel’sky vyznam
ma predovSetkym druh P. sylvestris. Je charakteristickd nielen
vysokym produkénym potencidlom, ale aj vyznamnou genetickou
variabilitou svojich populécii a Sirokou ekologickou plasticitou
(Brichta et al., 2023).

Na zaklade dnesnych poznatkov o vplyve klimatickej zmeny na lesy
v SR sa z ihli¢nanov okrem smrekovca javia borovice ako relativne
prisposobivé voci predpokladanym teplotnym zmenam, a preto by
sa mali zaradovat do tzv. zmieSanych porastov, pri ktorych je
mozné predpokladat’ vacsiu ekologickl plasticitu (Zelend spréva,
2024). Hoci je borovica lesna povazovana za odolnd drevinu vo
vztahu k nedostatku zrdzok, borovicové porasty naprie¢ Eurépou
boli v podednych rokoch enormne poskodené opakujlcimi sa
suchami, kedy si ngjma zrazky hlavnym faktorom, ovplyviujucim
rastové procesy borovic. Mézeme povedat, ze borovica je Vv
stCasnosti jednym z najohrozenejSich druhov stromov v Eurépe
(Brichta et al., 2023). Potvrdzuje to g Sprava o lesnom
hospodarstve v Slovenskej republike za rok 2023 (Zelena sprava,
2024), podl'a ktorej sa zastupenie ihli¢natych drevin (aj borovic)
v lesnych porastoch SR dlhodobo znizuje (Obr. 1). Odumieranie
borovice spbsobené komplexnym posobenim sucha, podkérneho
hmyzu a hiib nemozno podcefnovat.
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Obr. 1 Vyvoj zastUpenia vybranych ihli¢natych drevin v lesnych
porastoch Slovenskej republiky (SR). Prameii: Narodné lesnicke
centrum, Sthrnné informécie o stave lesov SR 1971-2024; SM —
smrek oby¢ajny, BO — borovica lesng, JD — jedla biela, SC —
smrekovec opadavy (Zelena sprava, 2024).

Vzhl'adom na klimaticki zmenu odzrkadl'ujicu sa predovsetkym
suchymi ro¢nikmi je potrebné preto zvazit' novy pristup v oblasti
obhospodarovania borovicovych porastov v lokalitdch Slovenska
(Leontovy¢ et al., 2020).

Okrem hospodarskeho a ekologického vyznamu majd mnohé stromy
historicky a kultirny vyznam. Mnohé rastti ned’aleko historickych
obydli hradov a kastiel'ov, v parkoch a pri pamétnikoch, st spgjané s
l'udovou tradiciou (napr. stromy pod ktorymi kézali kazatelia,
stretavali sa obyvatelia dediny), alebo maja symbolickd hodnotu
(strom mieru, strom priatel'stva, strom slobody). Mnohé stromy
maju geneticky a vedecky vyznam alebo mau esteticky a
krgjinotvorny vyznam. K takymto jedincom patri & skupina
stromov, medzi ktoré zarad’ujeme aj borovice, so statusom chréneny
strom (Obr. 2). Podla § 49 ods. 1 zdkona tam patria kultarne,
vedecky, ekologicky, krajinotvorne alebo esteticky mimoriadne
vyznamné stromy aebo ich skupiny vréane stromoradi. Tento
status im udel'uje okresny urad v sidle kraja. Ak to vyZaduje zaujem
ochrany chranené¢ho stromu, mozno vyhlasit’ jeho ochranné pasmo.
Ak nebolo osobitne vyhldsené, je nim potom Uzemie okolo
chréneného stromu v ploSnom priemete jeho koruny, ktory je
zvacSeny o jeden a pol metra, najmenej vSak v okruhu 10 m od
kmenia stromu. V ochrannom pasme chraneného stromu platia
zékazy, ktoré sii ustanovené v § 49 ods. 7 zékona (SOPSR, cit.
2025-06-24). Kazdy zasah do tychto stromov (orez, vyrub,
poskodenie korenov) je zakdzany alebo prisne regulovany — a
podlieha siihlasu Statnej ochrany prirody.
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Obr. 2 Chranené borovice na Uzemi Slovenska: 310 - Borovica
LCudmily Podjavorinskej, 217 - Borovica na ulici Bozeny Némcovej,
108 - Borovica v MatiaSovciach, 501 - Borovica v Spisskom
Stvrtku, 460 - Borovica v Zamockej zéhrade v Hlohovci, 370 -
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Borovica v Zamutove, 489 - Borovice ¢ierne na ulici Franctizskych
partizanov, 194 - Borovice v Terchovej.
Upravené podla: https://data.sopsr.sk/chranene-objekty/

1.3 PrehlPad astruéna  charakteristika
chranenych borovic na Slovensku

niektorych

Borovica DCudmily Podjavorinskej

Druh: borovicalesna, P. sylvestris

Evidenc¢né ¢islo: 310

Kraj: Banskabystricky, Okres: Zvolen, Kataster Rybare
Charakteristika: Za chraneny strom bola vyhldsend v roku 1996.
Borovica lesna s vyskou 23 m, obvodom kmena 350 cm, priemerom
koruny 20 m a vekom okolo 150 rokov. Je chranena z kultdrno-
vychovnych, historickych a estetickych dévodov. Viaze sa na
spisovatel’ku Cudmilu Podjavorinska. Nachadza sa v Sliaéi v areali
kapelov medzi objektom liecebného domu Slovensko a spravou
kupelov (Obr. 3).

Borovica na ulici BoZeny Némcovej

Druh: borovica hladkd, P. strobus

Evidenéné ¢islo: 217

Kraj: Bratidavsky, Okres: Bratidaval, Kataster: Staré Mesto
Charakteristika: Za chréneny strom bola vyhldsend v roku 1996 z
dévodu kultirneho, vedeckého, krajinotvorného, historického,
estetického a ekologického vyznamu. Exemplédr je vyznamny
vysokou biologickou hodnotou a zriedkavym vyskytom. Borovica
hladka je vysokd 20 m, s obvodom kmena 157 cm, priemerom
koruny 12 m a vekom 70 rokov. Stoji na ulici Bozeny Némcovej 8
v zéhrade.

Borovica v MatiaSovciach

Druh: borovicalimbova, P. cembra

Evidenc¢né ¢islo: 108

Kraj: Zilinsky, Okres: Liptovsky Mikulds, Kataster: Liptovské
MatiaSovce

Charakteristika: Za chréneny bola vyhlasena v roku 1975 a 1996.
Borovica limbova s obvodom kmena 229 cm, vyskou 20 m,
priemerom koruny 8 m a vekom 90 rokov. Je chrénena z
biologického, estetického, kultirneho a vedeckého dbvodu. Stoji v
obci Liptovské Matiasovce v sade J. Krémarika. V§etci zastupcovia
tohto druhu sii na Gzemi SR chréaneni. Strom je vyrazne dlhoveky,
moze dosiahnut’ vek nad 500 rokov.

Borovica v Spisskom Stvrtku

Druh: borovicalesna, P. sylvestris

Eviden¢né ¢islo: 501

Kraj: Presovsky, Okres: Levoca, Kataster Rybare

Charakteristika: Za chraneny strom bola vyhlésend v roku 2008.
Borovica lesna s vyskou 14 m, obvodom kmena 365 cm, priemerom
koruny 14 m a vekom viac ako 200 rokov. Ochrana vyznamného
stromu z ekologickych, estetickych a krajinotvornych dévodov.
Nachédza sav obci Spissky Stvrtok.

Borovicav Zamockej zahrade v Hlohovci

Druh: borovicalesng, P. sylvestris

Evidenéné ¢islo: 460

Kraj: Trnavsky, Okres. Hlohovec, Kataster: Hlohovec
Charakteristikae  Za chraneny bola vyhlasena v roku 2000.
Vzhladom na svoj vek, ekologicku, krajinotvorni a esteticku
funkciu je mimoriadne vyznamnym stromom v okrese. Borovica
lesna s obvodom kmena 301cm, vyskou 28 m, priemerom koruny 10
m avekom 120 rokov. Rastie v Hlohovci v parku (Obr. 3).

Vol. 14, issue 01

Borovicav Zamutove

Druh: borovica Jeffreyova, Pinus jeffreyi

Evidenc¢né ¢islo: 370

Kraj: Presovsky, Okres: Vranov nad Topl'ou, Kataster: Zdmutov
Charakteristika: Za chréneny strom bola vyhlasena v roku 1990 a
1997. Borovica Jeffreyova s vyskou 25 m, obvodom kmenia 249 cm,
priemerom koruny 8 m a vekom viac ako 200 rokov. Je chrénena z
vedecko-vyskumnych,  naucnych,  ekologickych,  kultarno-
historickych a estetickych dévodov. Nachédza sa v blizkosti obce
Zamutov v lesnom poraste.

Borovice ¢ierne na ulici Francizskych partizanov

Druh: borovica ¢ierna, P. nigra

Evidencné ¢islo: 489

Kraj: Bratisavsky, Okres: Bratislava |, Kataster: Staré Mesto
Charakteristika: Za chréneny strom boli vyhldsené v roku 2001 z
dbvodu ich biologického, krajinotvorného a estetického vyznamu.
Su to tri exemplare borovice Ciernej. VSetky stromy maju vek 120
rokov. Prva borovica mé obvod kmetia 258 cm a priemer koruny 12
m, druhd 169 cm a 8 m a tretia 238 cm a 10 m. Stromy stoja v
sikromnej zéhrade.

Borovice v Terchovej

Druh: borovica hladka, P. strobus

Evidenc¢né ¢islo: 194

Kraj: Zilinsky, Okres: Zilina, Kataster: Terchova

Charakteristika: Za chranené boli vyhlasené v roku 1982 a 1996.
Dva exemplare borovice hladkej. Prva ma obvod kmena 222 cm,
vysku

22 m a priemer koruny 10 m. Druhd ma obvod kmena 212 cm,
vysku 21 m a priemer koruny 10 m. Oba stromy maju odhadovany
vek

150 rokov apoch&dzaju zo Severngj Ameriky. Je to ojedinely
vyskyt na Uzemi okresu. Rastu nacintorine.

Ochrana borovic je zastreSena aj v ramci chranenych Gzemi
(CHU):

Sielnicky borovicovy h§j

Kategéria: Chréneny ared

Eviden¢né ¢islo: 219

Rozloha: 5,58 ha

Stupeni ochrany: 4.

Kraj: Zilinsky, Okres. Liptovsky Mikulds, Kataster: Liptovska
Sielnica

Charakteristika: Aredl bol vyhlaseny za chréneny v roku 1978 ako
pamiatka na udalosti spojené s histériou slovenského néroda a
samotnej obce Liptovska Sielnica.

Borovicovy lesik

Kateg6ria: Chraneny ared

Evidenc¢né ¢islo: 903

Rozloha: 0,8012 ha

Stupen ochrany: 4.

Kraj: bratislavsky, Okres: Bratislava |, Kataster: Staré Mesto
Charakteristika: Chraneny aredl bol vyhlaseny roku 1982, a to z
dbévodu zabezpecenia ochrany dubovo-hrabového lesa.
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Obr. 3 Chranené borovice na Slovensku: A: Borovica v Zamockej
zéhrade v Hlohovci, B: Borovica Cudmily Podjavorinske;j:

Zdroje: Borovica lesna: https://gobohemia.cz/sk/body-zaujmu/275-
borovica-lesna-chs

Monumental trees: https://www.monumentaltrees.com/en/svk/bansk
abystrica/zvolen/3428_diackupel e/6615/#google_vignette

2. ZAVER

Rod borovica (Pinus sp.) zohrdva na Slovensku vyznamnu
ekologickud, hospodarsku i kultarnu dlohu. Ako druhovo pestra
skupina ihli¢natych drevin s vysokou ekologickou plasticitou sa
borovice dokazu prispdsobit’ rozlicnym stanovistnym podmienkam,
od suchych a degradovanych pdd aZ po horské subal pinske oblasti.
Kym autochtonne druhy ako borovica lesnd, limba ¢i kosodrevina
maji nezastupitelné miesto v prirodzenych lesnych ekosystémoch,
introdukované druhy ako borovica Cierna ¢i vejmutovka zohrali
dolezitd Glohu pri rekultivécii a zalestovani menej priaznivych
lokalit, ¢im rozsirili produkény aj stabilizany potencial lesnych
porastov. Chranené stromy a Uzemia dokumentujd snahu o
zachovanie genetickej, ekologickel a historickej rozmanitosti tejto
skupiny drevin.
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Abstract Tracheostomy is arelatively common procedure in today's
medicine, although it always carries a great deal of risk. Nurses play
an important role in the follow-up care of the tracheostomy patient.
However, a present, we are still facing the fact that they are not
sufficiently prepared to treat such patients. The aim of this study
was to investigate the preparedness of nurses in OAIM and ICU in
providing nursing care to tracheostomy patients. A semi-structured
questionnaire of our own design was used to collect data and
distribute online. The research sample consisted of 112 respondents
(nurses), working in the OAIM or ICU department, who had
encountered nursing care of a patient with tracheostomy by analysis
and statistical processing. We found that nurses possess knowledge
in the studied area in the range of 50-80%, where 50% is considered
asthe very low limit of satisfactory resullts.

Key words: Tracheostomy. Readiness of nurses. Nursing care.
Department of anaesthesiology and intensive care medicine.
Intensive care unit.

1. SPECIFIC CARE OF THE PATIENT WITH
TRACHEOSTOMY

We consider patients with tracheostomy as bio-psycho-socia
beings, therefore the specific care of such a patient includes every
aspect of him/her. Multidisciplinary teams are needed to improve
patient care; members should be aware of al related aspects of care
and potential complications associated with tracheostomy placement
(Alsunaid et al., 2021). The author (Mahfoz, 2022) in his study
states that in many regions of the world, tracheostomy care is a
major health concern. Many patients die as aresult of lack of nurses
awareness about tracheostomy care. The nurse needs to be able to
recognize when a patient has a build-up of secretions in the airway,
which may compromise its patency, and how they need to respond
in such a case (Mussa et al., 2021). Humidification as one of the
specifics of patient care prevents the airway from drying out,
preventing the formation of thick secretions that dry on dry airway
walls, cannulae, increasing the risk of choking (Birk et al., 2017).

The nurse and any other healthcare professional should also know
how to communicate with the tracheostomy patient. Since a
tracheostomy patient does not produce any voice or spoken word,
we have to use aternatives to communicate with the patient. Just
because the patient does not speak does not mean that they have no
needs or requirements. We should always be patient with such a
patient, reserve enough time for him/her to express what he/she
needs or wants. He may try to show us, he may use non-verbal
expressions, the nurse may try to read lips or use other methods of
communication (Rose et al., 2021).

As dated by the authors (Avsar et a., 2024) the level of
preparedness of nurses in providing nursing care is important in
terms of patient safety and quality of care. Also, the authors (Huston
et a., 2017) argue that if nurses are not prepared, it can lead to
negative consequences for patient safety such as increased incidence
of nursing errors and delayed patient recovery. It iscritical to assess
nurses preparedness in providing nursing care and compare the
findings with current nursing knowledge and competencies (Kim,
Shin, 2022).

The patient with a tracheostomy feels fear, helplessness, and needs
answers to questions, even though several studies show that
tracheostomy patients can eat and drink through the mouth and not
through a nasogastric or other probe. There are, of course, many
factors to consider regarding a patient's candidacy for evaluation,
such as patient care goals, level of aertness, medical stability,
current diagnosis, past medical history, comorbidities, disease
trajectory, vital signs, and overal clinica picture. Frequent
questions are mainly regarding the pattern of food intake. We agree
with all the areas mentioned. When providing specific care to
tracheostomy patients on the wards, we mainly encounter
communication barriers. Furthermore, the patient's fear and
apprehension about following meals, which in some cases has
developed into refusal of food and the need for parenteral nutrition
to replenish the patient's nutrients, minerals and vitamins.
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1.1 Oral hygiene

In patients with tracheostomy, regular oral hygiene is necessary to
prevent leakage of secretions from the oral cavity over the obturator
cuff of the cannula. Leakage of secretions can cause microaspiration
and impair healing of the stomal area. Oral hygiene also prevents
disease changes on teeth and gums, avoids infections that could
spread to the stoma entrance area, drying and bad breath (Gmur et
al., 2013). In their book (Bartunek et a., 2016), they state that oral
care in UPV patients in anaesthesia-resuscitation units represents an
elementary role in the prevention of pathological changes in the oral
cavity and in the prevention of the development of infectious
ventilator-associated pneumonia. Also, the authors (Ewan et al.,
2015) argue that nursing care should include ora care to prevent the
occurrence of aspiration ventilator pneumonia, which even today
represents the most common nosocomial infection in patients
admitted to intensive care units. The extent to which the risk of
complications of artificial lung ventilation (ALV) will increase also
depends on the attending staff. Knowledge of the correct ora care
practices for patients on UPV by the attending staff is essential for
the successful prevention of ventilator-associated pneumonia and
the development of possible negative conseguences on the course of
hospitalization as well as the patient's overall health.

The authors (Sanchez et al., 2020) also state in their study that
patients are at potential risk of developing pneumonia, with poor
oral hygiene and due to bacterial colonization of the airways. In
order to implement effective prevention, the link between oral health
and pneumonia needs to be verified. The oral hygiene procedure is
carried out in such a way that if the patient is conscious, he/she is
familiarised with the procedure. The patient is placed in the correct
sitting or Fowler's position. If the patient does not have a problem
with upper limb mobility, we motivate and involve him in the
procedure, thus promoting his independence. In an unconscious or
UPV-connected patient, we change the position minimaly. If
necessary, we suction the patient's oral cavity before hygiene, thus
getting rid of accumulated secretions from the mouth (Miller,
Koval'ova, 2015). The equipment we need for oral hygiene in a non-
self-sufficient patient includes: oral blades covered with a mule that
is firmly fixed, a pean with swabs, brushes with flavours, solution,
an emersion tray, a cup with water, cellulose cotton wool, atowel or
disposable pad, a flashlight, a suction cup, suction coils, protective
equipment such as gloves, drapes, goggles, and a face shield
(Vytejckova et al., 2013).

The same author describes the course of oral hygiene, which should
be quick and gentle so as not to induce a gag reflex in the patient.
Using a soft toothbrush, the nurse first gently cleans the tooth
surfaces. Using moistened swabs or flavoured brushes, the patient's
tongue is wiped from the root to the tip. The palate, upper and lower
gums are then cleaned both externally and internally and finally the
buccal mucosa is cleaned. We can use specia brushes with holes
which we attach to the suction cup and gently remove the plague
with it. Oral hygiene is performed in ventilated unconscious patients
every 3-4 hours or as needed (Vytejckova, 2013). We know from
our own experience that inadequate ora hygiene in a tracheostomy
patient can endanger their health or their life.

1.2 Open and closed tracheostomy cannula suctioning

Nurses caring for tracheostomy patients must use their clinica
judgement as well as evidence-based safe suctioning practice.
Preparation, correct equipment and suction pressures, safe
suctioning procedure and post-procedure assessment (Ireton, 2007).
As such, suctioning is essential to maintain airway patency, to
remove mucus and to prevent blockage of the tracheostomy cannula.

Vol. 14, issue 01

Suctioning takes place at different time intervals and depends on
severa indications. Indications for suctioning include: audible or
visual signs of secretions in the tube, signs of respiratory distress,
suspected partially or completely blocked patency in the airway,
desaturation, vomiting, changes in ventilation pressures in a
ventilated patient, and in conscious patients there may be a verbal
request for suctioning from the cannula (M§jek, Torok, 2022).

The authors also state that the goal of suctioning is to maximize
removal of secretions from the arways while minimizing
desaturation and tissue damage. Suctioning should only be
performed if it is audible and visible that secretions are present in
the airway or if obstruction is suspected (Boroughs and Dougherty,
2015; Mitchell et al., 2013). However, other reasons for suctioning
are aso included by the author (Mitchell et al., 2013) as reduced
breath sounds or reduced oxygenation. The author (Watters, 2017, p.
813) argues that rather than relying on a set schedule, the need for
suctioning should be tailored to the individual patient. Suctioning
may be needed more frequently during infections or respiratory
illnesses. When performing suctioning, authors (Boroughs,
Dougherty, 2015; McClean, 2011) agree that rapid suctioning is
safer and more effective. Therefore, they recommend twisting the
suction coil between the thumb and index finger during insertion
and removal to ensure maximal removal of secretions from al areas
of the tracheal tube and also recommend a 5-second interval to
prevent atelectasis and desaturations. This theory was confirmed by
author McClean, who conducted a pilot study where he found that
such suctioning actually removed a greater amount of secretions
than when suctioning only when the suction coil was advanced or
withdrawn. There are two separate techniques for suctioning,
namely open and closed suction systems. Open system suctioning is
performed with disposable sterile suction catheters with aseptic
conditions being observed by inserting the catheter without active
suctioning using a sterile instrument into the tracheostomy cannula
to its end, then pulling it out 1 cm and starting suctioning while
pulling out the suction catheter (Ministry of Health, 2021). In one of
the authors studies (Hlinkové et a., 2013), they state that sufficient
hand hygiene and the use of protective clothing should be performed
before open suctioning of the patient.

Closed-system suctioning is accomplished by deploying the suction
system in a protective package containing the suction catheter,
introducing it to the end, pulling it up, and initiating suctioning
while simultaneously withdrawing the catheter. After suctioning, the
catheter isflushed with saline or sterile water, disconnected from the
suction device, capped and replaced every 24-72 hours according to
the manufacturer's recommendations (Ministry of Hedth of the
Slovak Republic, 2021). There are many studies comparing these
two suction systems. Especialy in ventilated patients at risk of
ventilator-associated pneumonia. One of them is a study by the
authors (Elmansoury, Said, 2014) who in their study investigated
whether there is a difference in the incidence of ventilator associated
pneumonia with the use of an open suction system or a closed
suction system. The conclusion of the study was that there was no
difference in the incidence of ventilator-associated pneumonia
between the two groups. The authors studies (Seyed Hossein
Ardehali et al., 2020, Denissa Faradita Aryania, Judith Tannerb,
2018 ) also found that there was no difference in the incidence of
ventilator-associated pneumonia when using open or closed type of
suction.

We know from our own experience that suctioning is an important
aspect of oral hygiene and airway cleaning. Our suctioning habits of
the patient are mainly based on visual or auscultatory cues, not on a
time interval, so as not to irritate the patient unnecessarily with the
suction coil. Closed suctioning is used more often in our department,
as open suctioning has a higher risk of introducing infection into the
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airway by sterilising the suction coil. We use a system that is
replaced after 72 hours or as needed.

2. SURVEY

Working with patients who have a tracheostomy can be quite
challenging. As nurses are largely involved in their care, they should
be sufficiently theoretically prepared and practically skilled. It isfor
this reason that an empirica investigation was undertaken to find
out how prepared hospital nurses are to provide nursing care to
patients with tracheostomies.

2.1 Methodology, Set, Objectives

For data collection, we chose a semi-structured questionnaire of our
own design, which was intended for nurses working in the OAIM or
ICU . In our questionnaire, we used most of the closed-ended
questions with a total of 22 questions for faster and clearer
completion. For some questions we used Likert scale (agreement
scale). The total number of respondents was 112. Our aim was to
find out the knowledge of nurses about oral hygiene in tracheostomy
patient with respect to education. Nurses with first degree education
congtituted the largest number of 40 (36%), followed by nurses with
secondary education 36 (32%), then nurses with second degree
education 32 (29%). Diploma nurses had the lowest representation
in the research with a number of 4 representing 3% of the total
number.

2.2 Results

Respondents were divided into two groups based on their response
to a question about educational attainment. Nurses who had as their
highest educational attainment a HND or diploma in nursing were
placed in the first group. Nurses with afirst, second or third degree
were placed in the second group.

We compared the items related to the knowledge of oral hygiene in
tracheostomy patient. One knowledge item was a 3-choice item,
with only one of them being correct. For the second item,
respondents were asked to answer using a 5-point scale. Since the
numerosity of both groups is greater than 30, we used parametric
Student's t-test and F-test for validation.

Table 1 Respondents knowledge by highest educational attainment

Student's t-test 'OVSYCe’hO(:I')gh higher (university)
Mean 0,95 1,24
Variance 0,41 0,44
F-test (p-value) 0,416
Number 40 72
Test statistic -2,22
p-value 0,028

Table 2 Transformation of items

Claim Answers Transformation
The ora hygiene Quick 1 point
procedure should be: other answers 0 point
Neglected oral 5 - strongly

hygiene poses a risk agree 1 point

of developing | 4 - rather agree

aspiration ventilator-

associated other answers 0 point
pneumonia.
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From the results, we can see that the mean value is higher in the
group of university-educated nurses. The first group consisted of 40
nurses with secondary and higher vocational education. These
respondents answered 0.95 questions correctly on average. In the
second group, there were 72 college-educated nurses. They
answered correctly on average 1.24 questions. The variances are
comparable: 0.41 in the first group, 0.44 in the second. Since the p-
value of the F-test is 0.416, we used the t-test with equality of
variances to compare the means.

The p-value of the t-test is 0.028. This vaue is below the
significance level of 0.05. Therefore, we can conclude that nurses
knowledge about oral hygiene in tracheostomy patient varies
according to educational attainment. Nurses with higher education
demonstrated better knowledge than nurses with lower education.

2.3 Discussion

From the knowledge gained so far, we know that performing oral
hygiene is one of the most important procedures in tracheostomy
patients, whether analgosedated on artificia lung ventilation or
conscious without oxygen therapy. As reported by (Vytejckova et
al., 2015), it is important to maintain a heathy oral cavity in
critically ill patients. The microbial flora is concentrated in dental
plague, which is also found on the tooth surface and forms a biofilm
on which other microorganisms are very well trapped. Excessive
accumulation of plague and bacteria can cause colonization of the
oropharynx, contributing to the development of chronic obstructive
pulmonary disease, endocarditis, bacteremia, ventilator-associated
pneumonia, and others. We used two statements in the questionnaire
to obtain information about the preparedness of nurses in
performing oral hygiene. First, we asked the respondents whether
they knew what the oral hygiene procedure should be. Respondents
were asked to state that it should be performed quickly so that
prolonged performance would not provoke an irritating cough or
gag reflex in the patient.

The option that it should be done quickly was indicated by 45
(40.18%) of the respondents, who thought that the performance has
no time constraint was as high as 42 (37.5%) and the option that the
performance should be done slowly was 25 (22.32%). Althoughiit is
evident that most of the correct answers were not even half but only
40.18% of the total 100% respondents, which we consider
unsatisfactory. However, very similarly, nurses thought that
performing ora hygiene is without time constraint. The next
statement in the questionnaire we wanted to know whether nurses
agree or disagree that neglected oral hygiene leads to a higher risk of
developing ventilator assisted pneumonia (VAP). In this case, the
nurses were asked to indicate their agreeing responses. The number
of nurses who marked the strongly agree option was 54 (48.21%),
the agree option was marked by 28 (25%), making a total of
73.21%. Thisfigure shows us that more than half of the nurses know
that there is such a risk in neglected oral hygiene. There were also
nurses who disagreed with the statement. A total of 24 (21.43%)
nurses marked disagree and 6 (5.36%) nurses marked don't know
option. Our findings can be compared with the results of the authors
research (Aljaafreh et a., 2018), who also investigated the nurses
readinessin providing oral hygiene in tracheostomy patients.

However, their finding was that although nurses are knowledgeable
enough to perform, many find it an unpleasant task. Our finding was
also positive as more respondents answered each item correctly.
Further investigation can be done to find out how nurses perceive
this performance, whether they will show a positive attitude or it
will be the same as in the research of the aforementioned authors.
Also in the study of authors (Singh et al., 2022) focused on oral
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hygiene in relation to the occurrence of VAP in which they found
that nurses should know the correct evidence based oral hygiene
practice. Based on the results of the study, they concluded that tooth
brushing along with oral care provides an additional benefit in
preventing VAP in patients on mechanical ventilation.

2.4 Conclusion

It isimportant that nurses directly involved in the postoperative care
of tracheostomy patients can provide appropriate tracheostomy care,
are aware of the potential complications associated with
tracheostomy and are able to manage these complications,
particularly in an immediate life-threatening situation.
Unfortunately, the unavailability of standard tracheostomy
management guidelines and inadequate staff training can make this
essential practice much more difficult and frightening (Khanum et
a., 2022). They demonstrated adequate levels of knowledge among
hedlthcare professionals ranging from only 48% to 50% and
revealed that there are still gaps in various aspects of tracheostomy
care and management. Nurses with inadequate knowledge put the
patient's health, their progress in treatment even their life at risk
(Lewith, Athanassoglou, 2019).
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Abstrakt Chov spolocenskych zvierat by mal zahfiiat aj
starostlivost’ o ich zdravie. Jednym zo zékladnych prvkov pre
zachovanie dobrého zdravotného statusu zvierat je pouZivanie
kvalitnych krmiv. V sucasnej dobe sa globalnym problémom, v
sivislosti s bezpenostou podévanych krmiv, stava vyskyt
mykotoxinov. Zearalenén je jednym z celosvetovo ngjrozsirenejSich
mykotoxinov. Této praca bola zamerana na stanovenie zearalenénu
v 14 vzorkéach priemyselne vyrébanych krmivéach pre dospelych
psov. Zearalendn bol detegovany v 4 vzorkéach prémiovych krmiv v
rozsahu koncentrécii od 21,799 pg/kg do 163,463 pg/kg. Je potrebné
skonstatovat’, ze vysledné koncentracie zearalenéonu vo vzorkach
krmiv pre psov nepresahuju aktudne platné smerodajné hladiny
zearalenonu v krmivach pre spolofenské zvieratd uvedené v
Odporagani Komisie (EU) 2016/1319.

Kli¢ova slova Krmivo, pes, zearalenon

1. UvoD

V stcasnosti byvaji spolocenské zvieratd (psy alebo iné
spoloCenské zvieratd) ich majitel'mi ¢asto definované ako ¢lenovia
rodiny (Yang a kol., 2023). Je pozoruhodné, Ze v sérii &adii bolo
preukazané, ze pritomnost domadcich zvierat pocas Zivota ¢loveka
prispieva k zniZeniu srdcovej frekvencie, krvného tlaku, depresie a
problémov s dusevnym zdravim, ¢o sa pripisuje pozitivnym
interakcidm medzi majitelmi a spolo¢enskymi zvieratami (Witaszak
a kol., 2020). Vzhladom na silny emocionalny vztah medzi
domécimi zvieratami a majiteI'mi, majitelia venuju viac pozornosti
zdraviu domacich zvierat (White a kol., 2016). Na zabezpecenie
dobrého zdravotného stavu zvierat, sa okrem inych faktorov
povazuje za dolezité podavanie kvalitného a bezpe¢ného krmiva pre
doméace zvierata (Grandi akal., 2019).

Pre spréavne priemyselné spracovanie krmiva pre psov byvaju
nevyhnutnou zloZkou obilniny. Vo vyZive psov sa pouZiva niekolko
roznych obilnin, ako je ryza, kukurica, pSenica, jamen a ovos,
pretoze st dobrym a lacnym zdrojom energie. Vo vic§ine suchych
krmiv je podiel sacharidov zvyéajne 30 — 60 % (Kempe a kol.,
2004). Vysoky podiel obilnin v priemyselne vyrabanych krmivach
pre psov predstavuje potencidlne riziko vyskytu mikroskopickych
vléknitych hib aich sekundarnych metabolitov. NajvyznamnejSimi
patogénmi  obilnin si okrem inych mikroskopickych hub,
zéstupcovia rodu Fusarium. Vag&sina druhov fuzarii su potencialne
toxinogénne, teda st schopné syntézy mykotoxinov.

Zearalenén je jednym z najéastejSie sa vyskytujucich sekundarnych
metabolitov mikromycét rodu Fusarium. Produkuje ho niekolko
druhov mikroskopickych vlidknitych hib vratane F. graminearum,
F. culmorum, F. cerealis a F. equiseti. Tento nesteroidny
estrogénovy mykotoxin sa vyskytuje predovSetkym v kukurici,
psenici, ovse a v jaémeni. Jeho syntéza suvisi s nizkymi teplotami a
vysokou vlhkostou prostredia (Yazar a kol., 2008). Zearalenon je
termostabilnd zlucenina, ktord sa nerozklada pocas spracovania
kifmnych surovin a krmiva, a to ani pri vysokych teplotach (Thapa a
kol., 2021). Sucky s obzvlast citlivé na estrogény a zvySené
koncentréacie endogénnych a/alebo exogénnych horménov mozu tiez
zvysit' riziko inych systémovych portch (Gajecka a kol., 2015). Po
vstupe do tela mdze zearalenén sposobit’ akutnu vulvovaginitidu,
poruchy estralneho cyklu a zhorSenu plodnost’ (Svoboda a kol.,
2001). Uinky zearalenonu u vagiiny zvierat su podobné tginkom,
ktoré vznikgji po vystaveni organizmu vysokym koncentréciam
estrogénu, prejavyji sa neplodnostou, abnormalnou laktaciou,
mitvo narodenymi plodmi, potratmi, mastitidou, vaginitidou a
vagindnym alebo rektalnym prolapsom (Bissoqui akal., 2016).

Podl'a EFSA (Eurépsky urad pre bezpeCnost potravin) sa psy
povazuju za zvierata citlivé na G¢inky zearalenonu. Na zaklade 1ézii
myometria a endometria, zvdcSenia alebo atrofie maternicovych
Zliaz, hematologickych a biochemickych parametrov krvi, bola u
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dospelych su¢ick odhadnutd najniz§ia pozorovana hladina
neziaducich G¢inkov (LOAEL) na 25 pg/kg telesnej hmotnosti za
dent (EFSA, 2017). Ked’ze pritomnosti zearalenénu v krmivach sa
neda dplne vyhnut, v EU boli vypracované usmernenia pre
smerodajné hladiny mykotoxinov v kimnych zmesiach pre rézne
zvierata vratane psov (Tabulka 1) (Odporucanie Komisie, 2016).

Tabulka 1 Smerodajné hodnoty zearalenénu v kimnych zmesiach
pre zvieratd

Mykotoxin | Vyrobky urcené na kimenie | Smerodajna
2vierat hodnota v
ng/kg  (ppb)
krmiva v
prepote na
12 % obsah
vlihkosti
Zearalendn | Kfmne zmesi pre:
e  odstavéatd a 100
prasnicky, Stefiata,
maciatka, psy a macky
na reprodukciu
e dospelé psy a macky, 200
iné ako na
reprodukciu
e prasnice aosipané na 250
vykrm
e telatd, dojnice, ovce 500
(vratane jahniat), kozy
(vrétanie kozliat)

Zdroj: Vlastna tabul’ka, prepracované podla Odportc¢ania Komisie
(EU) 2016/1319 z 29. jula 2016, ktorym sa meni odporiéanie
2006/576/ES, pokial’ ide o deoxynivalenol, zearalenén a ochratoxin
A v krmive pre spolocenské zvierata

Cielom tejto préce bola detekcia a kvantitativne stanovenie
zearalen6nu v 14 vzorkach suchého krmiva pre dospelé psy
prostrednictvom imunoenzymatickej analyzy ELISA.

2. MATERIAL A METODIKA
2.1 Vzorky

Celkovo bolo vySetrenych 14 vzoriek suchého krmiva pre psov vo
forme grantl. Vzorky boli ziskané od réznych komerénych a
$pecializovanych predajcov a boli ur¢ené na kimenie dospelych
psov. Vzorky boli rozdelené do troch kategdrii: generické,
popularne a prémiové. Skupina generickych krmiv zahffiala vzorky
krmiv, ktoré neboli oznaCené nazvom vyrobcu a boli predavané
lokdne alebo regiondne. Druh& kategdria, tzv. popularne krmiva,
zahfiiala vzorky krmiv predavanych v sietach obchodov s
potravinami. Tretia kategoria zahriala prémiové krmiva od
$peciaizovanych predajcov.

2.2 Pripravavzoriek

Priprava vzoriek prebichala podla protokolu komerénej stpravy
Veratox for zearalenone (Neogen corporation, USA). Postup
pripravy vzorky bol nasledovny: k 5 g zomletej vzorky sa pridal 70
% metanol v mnozstve 25 ml. Vzorky sa trepali 3 mindty na
orbitalnej trepacke (Orbital Shaker — Biosan) a filtrovali sa cez
filtra¢ny papier Whatman 1. Filtraty sa zriedili destilovanou vodou v
pomere 1:5. Na kvantitativne stanovenie zearalenénu pomocou
imunoanalyzy ELISA sapouZilo 50 pl zriedenych vzoriek.
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2.3 ELISA analyza

Princip analyzy ELISA v pripade vzoriek skimanych na pritomnost’
zearalendnu je zaloZzeny na reakcii antigénu a protilatky. Standardné
roztoky, ktoré boli pouZité pri analyze obsahovali zearalenon v
nasl edujticich koncentréciach: 0 ppb; 25 ppb; 75 ppb; 150 ppb a 500
ppb. Vysledné koncentracie zearalendénu (ppb; pg/kg) boli od¢itané
pri absorbancii 650 nm a boli vyhodnotené pomocou ELISA ¢itacky
(Dynex Technologies, Inc., Virginia, USA).

3. VYSLEDKY

V tabulke ¢islo 2 st uvedené vysledky kvantitativneho stanovenia
zearalenénu vo vzorkach suchych krmiv pre dospelych psov. Z
uvedenych vysledkov vyplyva, Ze v nami vySetrenych 2 vzorkach
generickych, 2 vzorkéch populdrnych krmiv a 6 vzorkéch
prémiovych krmiv zearalendn nebol detegovany, resp. koncentrécie
boli pod detekénym limitom pouzitého testu (5 ugkg). V 4
vzorkéch prémiovych krmiv pre psov sa vyskytoval zearalendn v
nasledovnych koncentréciach: 21,799ug/kg; 69,187 pg/kg; 96,745

pg’kg a 163,463 pg/kg. Rdedité poznamenat, ze stanoven é
koncentréacie zearalendnu nepresahuji smerodajné hodnoty, ktoré s
uvedené v Odporucani Komisie 2016/1319 (Tabulka 1).

Tabul’ka 2 Stanovenie koncentrécii zearalendnu (pg/kg) vo vzorkach
priemyselne vyrdbanych krmiv pre dospelych psov mimo
reprodukcie

Typ krmiva pre Vzorky Koncentracie
psov (n=14) zearalendnu
generické 2 <5 pg/kg
populédrne 2 <5 pg/kg
prémiové 6 <5 pg/kg
4 > 5 pg/kg
4. DISKUSIA

Zearalenon je mykoestrogén, ktory je toxicky pre samice g samce
(Stopa a kol., 2014). Podla stidie Boermansa a Leunga (2007),
davka ~1 mg/kg zearalenénu v krmive moze u spolocenskych
zvierat spdsobit’ neplodnost, negativne ovplyvnit ovulaciu,
implantaciu, graviditu a nasledne zivotaschopnost’ mlad’at. Okrem
toho sa popisuje, Ze denny prijem nizkych davok zearalenénu, by
mohol postupne poskodit’ zdravie psa a vyvolat zmeny v
metabolickych procesoch (Gajecka a kal., 2015; Witaszak a kol.,
2020).

V nami vySetrenych vzorkéch bol zearalenén detegovany v 4
vzorkéach prémiovych krmiv pre psov v rozsahu koncentrécii od
21.799 pg/kg do 163,463 pg/kg. Bissoqui a kol. (2016) skimali 100
vzoriek suchého krmiva pre psov ziskanych z Brazilie a uviedli, Ze
koncentrécia zearalen6nu sa pohybovaa od 54fg/kg do 442,2

pg/kg a priemé&nhodnota bola 492/kg. Zearaledn bol
pritomny g vo vsetkych prémiovych krmivéch (100 %) av 88,2 %
krmiv zo supermarketov v Spanielsku (Macias-Montes a kol., 2020).
Podobna &tudia uvéadza, Ze vo viac ako polovici (62,5 %, 25 z 32)
komer¢nych krmiv pre psov bol pritomny zearalenén s priemernou
hodnotou 54,5 pg/kg. V @mci tejto Stadie bol zearalenon stanoveny
v maximéneg hodnote 389;&/kg (Shao a kol., 2018). V 26

suchych krmivach pre psov zozbieranych z polského trhu sa
koncentrécie zearalen6nu pohybovali od 0,3 do 30,3 pgkg
(Witaszak a kol., 2020). Okrem toho v d’alsom prieskume, ktory
vykonali Geicu akol., (2020) sa ukézalo, Ze priemernd, minimanaa
maximana hodnota zearalenbnu v 34 suchych krmiv
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pochédzajucich z predajni v Rumunsku bola 90,89ug/kg; 0,0 pg/kg
resp. 230,24 pg/kg (Geicu akol., 2022).

Witaszak a kol., 2022 pripominaju, Ze pritomnost’ zearalenonu v
krmivach pre psov v nizkych hladindich nevylucuje riziko
zdravotnych komplikécii a denné uzivanie nizkych davok
zearalenonu by mohlo postupne narusit’ zdravie psov (Witaszak a
kol., 2020). Toto tvrdenie podporuje g Studia Gajecka a kol. 2004,
ktori zaznamenali zmeny v reprodukénom systéme psov uz po 7
dioch pri dennych davkach 200ug/kg telesnej hmotnosti auéinky
na koncentrécie pohlavnych horménov v krvi po vystaveni menSim
davkam pocas dlhSiecho casového obdobiaud/ke telesnej
hmotnosti pocas 42 dni). Vzhl'adom na pritomnost’ zearalenénu v
nasich vzorkach a vo vzorkach zo zahrani¢ného vyskumu by bolo
potrebné pravidelné monitorovanie mykotoxinov v suchom krmive
pre psov.

5. ZAVER

Zachovanie a podpora dobrého zdravotného stavu spolocenskych
zvierat Uizko suvisi aj s podavanim kvalitného a bezpe¢ného krmiva.
Skrytou hrozbou a potencidlnym rizikom naruSenia zdravia byva
pritomnost’ sekundarnych metabolitov mikroskopickych hub -
mykotoxinov v krmivéch. Mykotoxiny st dihodobo celosvetovym
problémom a ich pritomnosti v krmivach sa neda uplne zabranit.
Preto je potrebné vykonavanie monitoringu v slvidosti s ich
vyskytom nielen v procese tvorby krmiv, ale aj pocas skladovania.
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Abstrakt Cielom tejto §tadie bolo zhodnotenie vplyvu huminovych
latok na c¢revnu mikrobiotu na zaklade stanovenia poctu baktérii
mlieéneho kvasenia a enterobaktérii v obsahu slepych cCriev
brojlerovych kur¢iat. Deviat'desiat 1-diiovych brojlerovych kuréiat
(hybrid Ross 308) bolo rozdelenych do troch skupin. Huminové
latky boli pridavané do kfmnych zmesi pokusnych skupin v
mnozstve 6 alebo 9 g/kg v priebehu celého pokusného obdobia
Podavanie huminovych laok vo vySSom mnoZstve viedlo k
signifikantnému znizeniu poctu enterobaktérii a pomeru poctu
enetrobaktérii k po¢tu baktérii mlie¢neho kvasenia v obsahu slepych
¢riev v porovnani s kontrolnou skupinou (P < 0,05). Na zaklade
vysledkov tejto Stiidie je mozné konstatovat, ze huminové latky su
schopné modulovat’ ¢revnti mikrobiotu v prospech hostitel’a.

Kli¢ova slova Hydina, prirodné kimne aditiva, ¢revna mikrobiota

1. UvoD

V poslednych rokoch sa vo vyskume v oblasti vyzivy hydiny zvysil
zéujem o laky prirodného pbvodu, ktoré by boli vhodnou a
bezpeCnou alternativou za antibiotické stimulatory rastu, kedze
ukonéenim ich pouzivania (v EU od roku 2006) sa zvysil vyskyt
¢revnych problémov, ktoré negativne ovplyviluju uzitkovost’ zvierat
a ekonomiku chovu (Abd El-Hack a kol., 2022). Jednou z takychto
moznych alternativ s a huminové latky vznikajuce degradéciou
rastlinnych a Zivo¢isnych zvyskov. St to organické zluceniny, ktoré
sa bezne vyskytuja v pdde, raSdine, lignite, hnedom unhli,
odpadovych vodach, prirodnych vodach a ich sedimentoch. Ich
hlavnymi zlozkami s0 huminové, fulvové a ulmové kyseliny
(Stevenson 1994).

Existuje cely rad vedeckych publikécii, v ktorych sa popisuje mozny
pozitivny vplyv podavania huminovych latok na produkéné
parametre u hydiny (Abdel-Mageed 2012, Taklimi a kol. 2012,
Mirnawati a Marlida 2013, Marcin¢akova a kol. 2015, Arif a kol.
2016, ELnaggar a El-Kelawy 2018, Hammaod a kol. 2021). Okrem
zvySenia intenzity rastu zvierat, zlepSenia konverzie krmiva,
zvySenia jatocnej vytaznosti bolo zaznamenané aj znizenie
mortality. Na objasnenie pozorovaného pozitivneho vplyvu
podavania huminovych latok bolo navrhnutych niekol’ko
mechanizmov Uéinku, zahrfiujic inhibiciu rastu patogénnych
baktérii a stabilizaciu Crevnej mikrofléry (Agboola a kol. 2021,
Omidiwura a kol. 2022). Z vydedkov roznych stadii vSak vyplyva,
ze ucinok huminovych latok moéze byt variabilny v zavislosti od ich
ZloZenia a podavaného mnozstva, ako a od spdsobu ich aplikécie
(do krmiva alebo do vody) alebo druhu pouzitych zvierat.

KedZze ovplyvnenie crevného zdravia je jednou z moznosti
ovplyvnenia celkového zdravotného stavu a nasledne zlepSenia
produkcie zvierat, cielom tejto $tidie bolo zhodnotenie pripadnych
zmien v poctoch baktérii mlie¢neho kvasenia a enterobaktérii v
obsahu slepych ¢riev brojlerovych kuréiat po pridavku huminovych
latok (HUMAC MycotoxiSorb) v réznej koncentréacii do krmiva.

2. MATERIAL A METODIKA

Do 6-tyzdnového pokusu bolo zaradenych 90 kusov nesexovanych
jednodiovych brojlerovych kur¢iat uzitkového hybridu Ross 308,
ktoré boli ndhodne rozdelené do troch skupin (kontrolngj a dvoch
pokusnych; n = 30). Vo vSetkych skupinach boli kurcata
individudlne odvadzené a oznaCené identifikaénym krazkom.

72



GRANT journal
ISSN 1805-062X, 1805-0638 (online)

EUROPEAN GRANT PROJECTS | RESULTS | RESEARCH & DEVELOPMENT | SCIENCE

Ustainené boli na hibokegl podstielke pri dodrzani Standardnych
podmienok prostredia (s kontrolovanou teplotou a vlhkost'ou).

Kurcata boli v priebehu pokusu kimené komercne vyrabanymi
kompletnymi kfmnymi zmesami (Tomas spol. s 1. 0., Dolna Zdata,
Slovenska republika) na baze pSenice, sdjového extrahované Srotu,
kukurice a repkového extrahovaného Srotu podla rastovych faz:
Startérova 1. — 2. tyZden, rastova 3. — 5. tyzdefi, finalna 6. tyzden. V
pokusnych skupinéch boli k uvedenym kimnym zmesiam pridané
huminové latky (HUMAC MycotoxiSorb; Humac sr.o, KoSice,
Slovensko; velkost” €astic do 200 um, pH 5,8; vlhkost’ max. 21 %,
huminové kyseliny min. 65 % a fulvové kyseliny 5 % v suSine): v
skupine H1 v mnozstve 6 g/kg a v skupine H2 v mnozstve 9 g/kg.
Prijem krmiva a napajanie bolo pocas celého pokusu zabezpecené
ad libitum. Chemicka analyza kimnych zmesi bola vykonana
analytickymi metodami podl'a Nariadenia komisie (ES) ¢. 152/2009.
Analyzovany obsah Zivin v kimnych zmesiach je uvedeny v
Tabul'kéach la-c.

Tabulka la. Analyzovany obsah zivin v kfmnych zmesiach -
Startérova

K H1 H2
susina (g/kg KZ) 885,2 884,9 887,7
NL (g/kg S) 229,6 229,0 226,1
HT (g/kg S) 20,3 19,3 19,0
HV (g/kg S) 44,7 42,0 40,1
popol (g/kg S) 53,9 55,5 67,5
ME (MJkg S) 12,4 12,3 12,2

Tabulka 1b. Analyzovany obsah zivin v kfmnych zmesiach -
Rastova

K H1 H2
susina (g/kg KZ) 886,3 886,5 888,4
NL (g/kg S) 217,8 217,5 214,2
HT (g/kg S) 21,6 237 224
HV (g/kg S) 56,5 46,7 51,6
popol (g/kg S) 62,7 63,6 70,5
ME (MJkg S) 12,6 12,6 12,6

Tabulka 1c. Analyzovany obsah Zivin v kfmnych zmesiach -
Findlna

K H1 H2
susina (g/kg KZ) 885,8 883,6 8829
NL (g/kg S) 197,3 190,1 182,8
HT (g/kg S) 254 248 23,6
HV (g/kg S) 50,7 49,1 51,5
popol (g/kg S) 59,0 66,3 70,4
ME (MJkg S) 131 13,0 13,0

K — kontrolnd skupina; H1 — pokusna skupina spridavkom
huminovych latok v mnozstve 6 g/lkg; H2 — pokusna skupina
spridavkom huminovych latok v mnozstve 9 g/kg; KZ — kimna
zmes; S—suSina; NL — dusikaté latky; HT — hruby tuk; HV — hruba
vl&knina; ME - Metabolizovatel'na energia.

Na konci pokusu (na 42. deft) bolo z kazdej skupiny nahodne
vybranych Sest kuréiat, od ktorych po omradeni, usmrteni a
jatoénom opracovani boli odobrané slepé creva. Poclty baktérii
mlie¢neho kvasenia (LAB) a enterobaktérii (ENT) v obsahu slepych
Criev boli stanovené platiiovou metddou. Pre stanovenie poctu LAB
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bol pouzity MRS agar (Biolife, Taliansko) a pre stanovenie poctu
ENT bol pouzity MacConkey agar (HiMedia, India). Z jednotlivych
slepych ¢riev bol odobraty 1 g obsahu, ktory bol nariedeny 9 ml
fyziologického roztoku (Mikrochem, Slovensko) a dbkladne
homogenizovany pouzitim stomachera (UL, Instruments, Spain).
Nasledne boli zhomogenizované vzorky riedené decimanym
riedenim fyziologickym roztokom a ockované na prislusné agary v
mnoZzstve 100 pl. Pripravené platne boli vliozené do termostatu a
kultivované pri 37 °C: MRS agar bol kultivovany po dobu 48 hodin
v anaerébnom prostredi a MacConkey agar bol kultivovany po dobu
24 hodin v aerdébnom prostredi. Pocty baktérii st vyjadrené ako
logaritmus kol6nie tvoriacich jednotiek na gram obsahu
(logl0KTJg).

Ziskané vysledky boli vyhodnotené Satisticky  pouZzitim
jednocestngg ANOVY (Tukey's multiple comparison test). Vysledky
sl prezentované ako priemer + Standardné chyba priemeru (SEM).

3. VYSLEDKY A DISKUSIA

Baktérie mlie¢neho kvasenia ako aj enterobaktérie sU skupinami
baktérii, ktoré su prirodzenou stucast’'ou ¢revného mikrobiomu. Kym
baktérie mlie¢neho kvasenia predstavuji prospe$nu mikrobiotu,
medzi enterobaktérie patria g patogénne druhy, ktoré spdsobuju
infekcie gastrointestindineho traktu. Mikrobiologickym vySetrenim
obsahu slepych Criev sme zistili, Ze pridavok huminovych latok do
kfmnych zmesi brojlerovych kurciat nemal vyznamny vplyv na
pocty baktérii mlie¢neho kvasenia (P > 0,05; Graf 1.). No podavanie
huminovych latok vo vySSom mnoZstve (9 g/kg; skupina H2) viedlo
k signifikantnému zniZeniu poctu enterobaktérii v porovnani s
kontrolnou skupinou (P = 0,024; Graf. 2). ZniZenie poctu
enterobaktérii v obsahu slepych ¢riev v porovnani s kontrolnou
skupinou bolo zaznamenané g v pokusngj skupine s pridavkom
huminovych latok v nizSom mnozstve (6 g/kg, skupina H1), no
rozdiel nebol S$tatisticky vyznamny (P > 0,05). Zaroven bol zisteny
Statisticky vyznamny linearny trend zniZenia poctu enterobaktérii (P
= 0,009). So zvySujicou sa koncentréaciou huminovych latok v
krmive sa linearne znizil pocet enterobaktérii v obsahu slepych criev
brojlerovych kurciat.

Graf 1. Vplyv suplementacie kimnych zmesi huminovymi latkami
na pocet baktérii mlie¢neho kvasenia (LAB) v obsahu slepych ¢riev
brojlerovych kurciat

LAB
10,4

logl0 KTJg
© ©
S ©

o
©

8,4
Kontrola H1 H2

H1 — pokusna skupina s pridavkom huminovych I&tok v mnozstve 6
o/kg; H2 — pokusna skupina spridavkom huminovych latok v
mnozstve 9 g/kg.

Napriek nesignifikantnym zmenam v obsahu baktérii mlie¢neho
kvasenia, bol v pokusng skupine H2 v dbésledku signifikantného
znizenia poCtu enterobaktérii zaznamenany aj signifikantne niz§i
pomer enteribaktérii k baktéridm mlie¢neho kvasenia v porovnani s
kontrolnou skupinou (P = 0,048; Graf 3.), ¢o poukazuje na narast
prospesnej Crevnej mikrobioty v tejto pokusnej skupine. Podobny
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trend bol pozorovany g v pokusng skupine H1, ale rozdiel oproti
kontrolnegj skupine nebol &tatisticky preukazny.

Graf 2. Vplyv suplementacie kimnych zmesi huminovymi latkami
na pocet enterobaktérii (ENT) v obsahu slepych &riev brojlerovych
kurciat

ENT
8,5
a ab
o 8
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< 75 b
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Kontrola H1 H2

H1 — pokusn& skupina s pridavkom huminovych I&ok v mnozZstve 6
o/kg; H2 — pokusna skupina spridavkom huminovych latok v
mnozstve 9 g/kg.

® Rozdielné oznacenie stipcov vyjadruje tatisticku vyznamnost’ (P
<0,05).

Graf 3. Vplyv suplementécie kimnych zmesi huminovymi latkami
na pomer poctu enterobaktérii (ENT) k poctu baktérii mliecneho
kvasenia (LAB) v obsahu slepych ¢riev brojlerovych kurciat
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H1 — pokusna skupina s pridavkom huminovych I&tok v mnozstve 6
g/kg; H2 — pokusna skupina spridavkom huminovych latok v
mnoZzstve 9 g/kg.

® Rozdielné oznaenie stipcov vyjadruje $tatisticku vyznamnost’ (P
<0,05).

Signifikantné znizenie po¢tu enterobektérii a signifikantné zniZenie
pomeru enteribaktérii k baktériam mlie¢neho kvasenia v obsahu
slepych ¢riev bolo zaznamenané aj u brojlerovych kurciat, ktoré
prijimali kfmne zmesi s obsahom huminovych latok v 0,8 %
koncentracii (Mudronova a kol. 2020). Podobne, vyznamné zniZenie
poctu koliformnych baktérii a E. coli v ¢revnom obsahu vplyvom
skrmovania huminovych latok bolo zistené g u japonskych prepelic
(Abdel-Mageed 2012), u Sasso kur¢iat (ELnaggar a El-Kelawy
2018) a u kralikov (Abdl Razek Mohmed Mohmed a kol. 2020). El-
Kelawy a kol. (2024), ktori sa venovali Stadiu huminovych kyselin,
okrem vyznamného znizenia poctu E. coli v ¢revnom obsahu
brojlerovych kur¢iat prijimajticich diéty s obsahom huminovych
kyselin (v mnozstve 1 a 2 g/kg) zaznamenali & signifikantné
zvysenie poctu laktobacilov.

4. ZAVER

Tento experiment potvrdil, Ze podavanie huminovych |&tok
(HUMAC MycotoxiSorb) dokaze potlacit’ rast enterobaktérii,
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signifikantne pri podavani vo vy$Som mnozstve (9g/kg). Na zéklade
vysledkov tejto studie je mozné konstatovat, ze huminové latky st
schopné modulovat ¢revni mikrobiotu v prospech hostitela
prostrednictvom znizenia poc¢tu Skodlivych baktérii a tak prispiet’ k
zabezpeceniu dobrého zdravotného stavu a pripadne k naslednému
ZlepSeniu produkcie zvierat.

Zdroje

1. ABD EL-HACK, M.E., EL-SAADONY, M.T., ELBESTAWY,
A.R., EL-SHALL, N.A., SAAD, AM., SALEM, H.M., EL-
TAHAN, A.M., KHAFAGA, A.F.,, TAHA, A.E., ABUQAMAR,
SF., EL-TARABILY, K.A. Necrotic enteritis in broiler
chickens: disease characteristics and prevention using organic
antibiotic  alternatives-a comprehensive review. Poultry
Science, 2022, 101(2), 101590.

2. ABDEL-MAGEED, M.A.A. Effect of dietary humic substances
supplementation on performance and immunity of Japanese
quail. Egyptian Poultry Science, 2012, 32(3), 645-660.

3. ABDL RAZEK MOHMED MOHMED, S., ELSEBAI, A,
ELGHALID, O.A., ABD-HEDY, A.M. Productive
performance, lipid profile and caecum microbial counts of
growing rabbits treated with humic acid. Journal of Animal
Physiology and Animal Nutrition, 2020, 104(5), 1233-1241.

4. AGBOOLA, A.F., OMIDIWURA, B.R.O.,, AMOLE, A.O,
OLANREWAJU, O.A., ADENIRAN, Y .E. Influence of humic
acid supplemented diets on intestina microbiome and laying
performance of egg-type chicken. Nigerian Journal of Animal
Production, 2021, 48(6), 276-286.

5. ARIF, M., REHMAN, A., SAEED, M., ABD EL-HACK, M.E,,
ARAIN, M.A., HASEEBARSHAD, M., ZAKRIA, H.M.,
ABBASI, I.H. Impacts of dietary humic acid supplementation
on growth performance, some blood metabolites and carcass
traits of broiler chicks. Indian Journal of Animal Sciences, 2016,
86(9), 1073-1078.

6. EL-KELAWY, M.l.,, ELNAGGAR, A. S., ABD EL-KHALEK,
E. The influence of supplementing broiler chickens with humic
acid or biochar as natural growth promoters on their productive
performance, nutrient digestibility, and physiologica
performance. Egyptian Poultry Science Journal, 2024, 44(1),
123-142.

7. ELNAGGAR, A.S,, EL-KELAWY, M.I. Effect of humic acid
supplementation on productive performance, blood constituents,
immune response and carcass characteristics of Sasso chicken.
Egyptian Journal of Animal Production, 2018, 55(1), 75-84.

8. HAMMOD, A.J, ZENY, Z.A.H., MAHDI, A.S, ALFERTOS!,
K.A. Probiotic and humic acid as feed additives and their effects
on productive and economic traits of broiler. Indian Journal of
Ecology, 2021, 48(13), 35-37.

9. MARCINCAKOVA, D., MACANGA, J, NAGY, I,
MARCINCAK, S, POPELKA, P., VASKOVA, 1,
JADUTTOVA, 1., MELLEN, M. Effect of supplementation of
the diet with humic acids on growth performance and carcass
yield of broilers. Folia Veterinaria, 2015, 59, 165-168.

10. MIRNAWATI, Y.R., MARLIDA, Y. Effects of humic acid
addition via drinking water on the performance of broilers fed
diets containing fermented and non-fermented palm kernel cake.
Archiva Zootechnica, 2013, 16(1), 41-53.

11. MUDRONOVA, D., KARAFFOVA, V., PESULOVA, T,
KOSCOVA, J., MARUSCAKOVA, 1.C., BARTKOVSKY, M.,
MARCINCAKOVA, D., SEVCIKOVA, Z., MARCINCAK, S.
The effect of humic substances on gut microbiota and immune
response of broilers. Food and Agricultural Immunology, 2020,
31(1), 137-149.

12. NARIADENIE KOMISIE (ES) ¢. 152/2009 z 27. januara 2009,
ktorym sa stanovuji metoédy odberu vzoriek a analyzy na ucely
radnych kontrol krmiv. Uradny vestnik Eurépskej tnie, 2009,

74



GRANT journal
ISSN 1805-062X, 1805-0638 (online) Vol. 14, issue 01

EUROPEAN GRANT PROJECTS | RESULTS | RESEARCH & DEVELOPMENT | SCIENCE

54, 1-130. Dostupné na internete: <http://data.europa.eu/eli/reg/  14. STEVENSON, F.J. Humus Chemistry: Genesis, Composition,

2009/152/0j> Reactions; Wiley-Inter-Science: New York, NY, USA, 1994,
13. OMIDIWURA, B.R.A., OLAJDE, O.C,, OLANIYAN, O.S. 34-41.

Potentials of pepper elder (Peperomia pellucida) and humic acid ~ 15. TAKLIMI, SM.S,, GHAHRI, H., ISAKAN, M.A. Influence of

as feed additives in noiler chicken production. Nigerian Journal different levels of humic acid and esterified glucomannan on

of Animal Production, 2022, 49(2), 86-94. growth performance and intestinal morphology of broiler

chickens. Agricultural Sciences, 2012, 3(05), 663-668.

75



GRANT journal
ISSN 1805-062X, 1805-0638 (online)

EUROPEAN GRANT PROJECTS | RESULTS | RESEARCH & DEVELOPMENT | SCIENCE

Vol. 14, issue 01

Vyskyt a etiologia mastitid dojnic aich vplyv na reprodukéné ukazovatele

Zuzana L ackova®
Frantigek Zigo?
Anna Prnoova®

! KatedravyZivy achovu zvierat, Univerzitaveterindrskeho lekérstvaafarmécie v K odciach, Komenského 73, 041 81 Kodce, zuzanalackova@uvif.sk
2K atedravyZivy achovu zviera, Univerzita veterindrskeho lekéarsvaafarmédie v Kodciach, Komenskéno 73, 041 81 KoSce, frantisek.zigo@uvif.sk
3 KatedravyZivy achovu zviera, Univerzita veterindrskeho lekérsvaafarmédie v KoSdiach, Komenskéno 73, 041 81 Kodice, anna prmova@student.uvf.sk

Grant: APVV SK-PL-23-0066

Né&zev grantu: Bezantibiotické pristupy kontroly mastitid dojnic so zvySenim hygieny prostredia na produkénych farmach

Oborové zaméteni: GG - Chov hospodaiskych zvitat

© GRANT Journal, MAGNANIMITAS Assn.

Abstrakt Ciel'om prace bolo vyhodnotit’ vyskyt a etiologiu mastitid
a ich vplyv na reprodukéné ukazovatele dojnic. V sledovani bolo
112 ks dojnic, 10 dni po oteleni s anamnézou zvySeného poctu
somatickych buniek s pozitivnym NK-testom. U dojnic sa vykonalo
vySetrenie mlie¢nej zlazy s ndslednym NK-testom
amikrobiologickym vySetrenim vzoriek mlieka s pozitivnym
vysledkom u 50 dojnic (43%) pri subklinickej forme u 25 dojnic a
klinickgj rovnako u 25 dojnic. V pozitivnych vzorkach boli najviac
pritomné baktérie S. aureus, koaguléza-negativne stafylokoky (S
xylosus aS chromogenes), Aerococcus viridans aE. coli. V
porovnani soptimalnymi hodnotami reprodukénych ukazovatelov,
vysledky preukazali neuspokojivé reprodukéné hodnoty u dojnic s
klinickou mastitidou.

Klicova slova klinickd mastitida, subklinickd mastitida,
medziobdobie, inseminac¢ny interval, insemina¢ny index, servis
perioda

1. UvoD

Ekonomicka hodnota dojnic je uréena predovsetkym dojivostou,
ako aj poctom laktacii pocas ich produkéného obdobia. Produkéné
ochorenia, predovdetkym mastitidy, patria medzi dolezité faktory
ovplyvilujice mnozstvo akvalitu vyprodukovaného mlieka
(Vrskova et al., 2015). Na vzniku infekénych mastitid sa podiel’aju
viaceré druhy mikroorganizmov. AZ v 90% vicSinou ide o
bakteridlne infekcie, v menSom pocte pripadov o infekcie inymi
organizmami, ako su virusy, huby, kvasinky, parazity a iné. Pocet
druhov bakteridlnych pbvodcov mastitid dojnic, uvadzany v
literatare je velky a zrejme doteraz neuzatvoreny. Podl'a Sharifa et
al. (2009) medzi hlavné kontagidézne bakterialne patogénny

spbsobujuce  mastitidy  patriaS = aureus,  Streptococcus
agalactiae a Sreptococcus uberis.
Z enviromentanych patogénov sa najCastejSie

vyskytuju Sreptococcus disagalactiae, E.  coli aKlebsiela. Medzi
d’alSie enviromentalne patogény bezne sa nachadzajucimi na kozi
mlie¢nej zlazy patria koagulézo-negativne stafylokoky (KNS)

predovsetkym Saphylococcus  chromogenes, Saphylococcus
simulans, Saphylococcus xylosus, Saphylococcus
haemolyticus, Saphylococcus warneri a Saphylococcus

epidermidis (Pyorédla a Taponen, 2009). Mastitida spdsobena tymito
patogénmi ma Casto mierny priebeh, avSak pri ich dlhodobom
posobeni dochédza k znaénym ekonomickym stratim v dosledku
znizenej dojivosti alebo prekroCenia stanoveného limitu poctu
somatickych buniek (PSB) acelkového poctu mikroorganizmov
(CPM). Je vel'mi dolezité, ze vietky patogény vemena sa dostavaju
do mlieka a su nim vylucované, nie vSak vzdy a v rovnakych
mnoZstvach. To zalezi od mnohych okolnosti, napr. od intenzity
ochorenia, jeho formy a dizky trvania, odolnosti makroorganizmu a

pod.

Reprodukéné parametre u dojnic st kluCovym faktorom pre
producentov mlieka a zhorSena reprodukcia je jednou z pricin
znizenia efektivity vyroby v mliekarenskom priemysle. Klucovy
ukazovatel’ plodnosti stada dojnic je telnost. Celkovu reprodukénu
vykonnost chovu moézeme sledovat z rdznych aspektov a za
poruchu reprodukcie mdzeme povazovat, ak nie st dosiahnuté
parametre, ktoré si chovatel’ s ohl'adom na plemeno, Uzitkovost' a
vyZivu stanovil. Pre jednoduché a rychle posidenie vysedkov
riadenia plodnosti stada sa vyuZzivaju reprodukéné ukazovatele.
Medzi najdolezitejSie ukazovatele plodnosti krév patriac vek pri
prvom oteleni, servis peridda, dizka gravidity, medziobdobie.

Cielom prace bolo vyhodnotit’ vyskyt a etiolégiu mastitid a ich
vplyv na reprodukéné ukazovatele dojnic.

2. MATERIAL A METODIKA

Vy&etrovany chov sa Specializuje na produkciu mlieka a nachadza
sa Vv Trencianskom kraji. Na farme sa chova 472 ks hovéddzieho
dobytka (prevazne Holstajnského typu), pricom 191 ks tvoria
dojnice. Do &udie sme zaradili dojnice, ktoré boli 10 dni po otelent,
s anamnézou intramamarnej infekcie v predchadzajlcej laktécii. 1510
predovSetkym o dojnice, ktoré posledné tri mesiace pred zasuSenim
vykazovali pozitivny NK-test azvySent hodnotu PSB. Po prvotne)
anamnéze boli dojnice klinicky vySetrené. Mlieko z kazdg Stvrte
vemena bolo podrobené senzorickému vySetreniu. NK-test
(nepriamy diagnosticky test, Krause, Dansko) sa vykonava na
vaetkych Stvrtiach dojenych krév. Nasledne bol vykonany asepticky
odber 12 ml mlieka zo v3etkych &vrti na laboratorne analyzy
bakterialnych patogénov. Vzorky boli ochladené na 4 °C a ihned
transportované do laboratoria a analyzované nasledujuci defi.
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Bakteriologické vySetrenie bolo prevedené podla metodiky
Malinowski a Ktossowska (2006) sidentifikaciou Saphylococcus
spp., Streptococcus spp. a Enterobacteriaceae spp.  pomocou
STAPHY-testu, STREPTO-testu resp. ENTERO-testu a
identifikované pomocou softwaru TNW Pro 7.0 (Erba-Lachema,
CZ)(Zigo et d., 2018).

Nasledujiice parametre ako inseminac¢ny interval, inseminacny
index, medziobdobie, servis peridda adizka laktacie boli ziskané
z databaz daného chovu.

3. VYSLEDKY A DISKUSIA

V tabulke ¢. 1 s uvedené vysledky hodnotenia vzoriek mlicka NK-
testom amikrobiologického vySetrenia Z celkového poctu 448
Stvrtovych vzoriek mlieka posudzovanych NK-testom bolo 67
pozitivnych. Z 112 zmieSanych vzoriek mlieka dojnic bolo 50
pozitivnych mikrobiologickych ndlezov, 25 pozitivnych nédlezov pri
subklinickg] forme mastitidy a25 pri klinickej forme (Graf 1) Pri
subklinickgy forme mastitidy boli identifikované patogény:
Aerococcus viridans, Saphylococcus xylosus, Saphylococcus
aureus, Staphylococcus chromogenes a Staphylococcus warneri. Pri
klinickgg forme  Saphylococcus aureus, Saphylococcus
chromogenes, Aerocosus viridans, Staphylococcus xylosus a
Escherichia coli.

Viaceri autori vo svojich Studiach zaznamenali, ze Staphyl ococcus
Spp. patria medzi najCastejSich pévodcov intramamarnych infekeii u
prezivavcov (Staphylococcus aureus pri klinickych formach a KNS
pri subklinickych). Z KNS je najcastej$i povodca Saphylococcus
epidermidis. Nie meng dolezitymi bakterialnymi patogénmi su
Corynebacterium spp., Enterococcus spp. a Micrococcus spp.
(Bergonier et a., 2003; Berthelot et al., 2006). Finsky autori
uvadzaj, ze az 50% izolovanych patogénnych baktérii tvoria KNS
(Pitkéld et al. 2004). Druhymi najcastejSie izolovanymi patogénmi
st podl'a Tenhagena et al. (2009) Streptococcus spp. (12,6%). Tento
zéver koreluje s vysledkami identifikécie izolatov (n = 1631)
ziskanych z mlie¢nych fariem vo Francuzsku (Botrel et al. 2010),
pricom 75 zastupcom s najvysSou prevalenciou bol Streptococcus
dysgalactiae. Podl'a De Vlieghera et al. (2012) je najCastej$im
poévodcom bovinnych environmentdlnych mastitid Streptococcus
uberis.

Vysledky hodnotenia chovu dojnic na zaklade reprodukénych
parametrov avysledkov mikrobiologického vySetrenia vzoriek si
uvedenév Tabulke 2. Zo sledovanych reprodukénych ukazovatel'ov
malo nevyhovujice hodnoty 26 dojnic (23%) pri dizke
insemina¢ného intervalu, 46 dojnic (41%) pri hodnote
insemina¢ného indexu, 13 dojnic (12%) pri dizke servis periody, 12
dojnic (11%) pri dizke medziobdobia a26 dojnic (23%) pri dobe
laktacie. Pri dojniciach snevyhovujucou hodnotou reprodukéného
parametra bol zaznamenany vyskyt SKM (subklinicka mastitida)
aKM (klinickh mastitida) vroznom pocte. Z 26 dojnic
snevyhovujiucou dizkou inseminaéného intervalu bola zaznamenana
u 2 dojnic SKM (8%) a4 KM (15%). Pri nevyhovuijucich hodnotach
insemina¢ného indexu sme zaznamenali vyskyt 7 SKM (15%) a 6
KM (13%), pri servis periéde 4 SKM (31%) a3 KM (23%), pri
medziobdobi 1 SKM (8%) al KM (8%). Dizka lakticie bola
ovplyvnena pri dojniciach s4 SKM (15%) a7 KM (27%).

Plodnost’ je dolezitym faktorom pre rentabilitu chovu plemien so
zameranim mliekovi, ale aj kombinovanu uzitkovost. Analyza
ukazovatelov reprodukcie je pomerne zlozitd, pretoze ich
fenotypova premenlivost’ je vzhl'adom na velké mnoZstvo faktorov
ovplyvijacich plodnost velmi velkd. Hodnotenie dizky
medziobdobia je vyberovym kritériom pre plodnost. Dizku
medziobdobia podmiefiuje: inseminaény interval, servis peridoda a
diZka tePnosti. Medziobdobie tizko savisi Spriemernym laktaénym
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dilom v stide, ktory ma velky vplyv na produkciu mlieka a tiez
urcuje rychlost’ obnovy stada, tzn., kol'ko teliat sa narodi ro¢ne. So
zvySujucim sa medziobdobim stupa pocet dojnic vyradenych zo
stada z dovodu reprodukénych problémov. Hradecka et al. (2004)
zigtili pri hodnoteni faktorov na ukazovatele reprodukcie u krdv ma
Statisticky preukazny vplyv rok a mesiac otelenia, stado, vek pri
prvom oteleni a plemeno. Bujko a Rybanska (2004) uvédzajq, Ze pri
hodnoteni produkénych a reprodukénych ukazovatel'ov v populécii
krdv dovenského strakatého plemena méa vyznamny vplyv stédo,
rok amesiac otelenia. Kumar et al. (2017) a Dolecheck et a. (2019)
poukazali na to, Ze mastitida pocas obdobia rozmnozovania ma
negativny vplyv na reprodukénu schopnost. Kravy s mastitidou
majU oneskorenu ruje, znizend graviditu a zvySené riziko potratu.
Systémova imunitnd odpoved’ a endokrinné zmeny spojené s
mastitidou mézu tiez narusit’ vyvoj folikulov, funkciu oocytov a
schopnost’ ovulacie, ¢im d’alej zhor§uju plodnost'(Boujenane et al.,
2015). Mastitida spdsobuje u krav predizenie intervalu ruje a
znizenie lutedlnej fazy, ¢o narti$a udrzanie gravidity a ovplyviuje
embryondny vyvoj (Edelhoff et al. 2020).

Tabulka ¢. 1, Prehlad vysledkov NK-testu amikrobiologického

vy&etrenia
Odber n Vysledok NK-testu Mikrobiologické
vySetrenie
Negativny Pozitivny  Negativne Pozitivne
1 56 190 (85%) 34(15%) 21(38%)  35(62%)
2 26 95 (91%) 9 (9%) 15(58%) 11 (42%)
3 30 96 (80%) 24 (20%) 26 (87%) 4 (13%)
SPOLU 112 381(85%) 67(15%) 62(55%) 50 (45%)

Poznamka: n — pocet vzoriek

Il Klinické mastitidy
[ Subklinické mastitidy
Il Negativne

22%

22%

Graf ¢.1 Percentudlne zastipenie klinickej a subklinickej mastitidy
v chove

Tab. ¢ 2, Hodnotenie chovu dojnic na z&klade reprodukénych
parametrov a mikrobiologického vySetrenia vzoriek mlieka

Par ameter Hodnota Dojnice
reprodukéného s nevyhovujlcou
parametra hodnotou
reprodukéného
parametra
\% N SKM KM Neg.
[ks/%] [ks/%] [ke/ [ke/ [ks/%]
%] %]
Inseminaény 86 ks 26 ks 2ks 4ks 20ks
interval (77%)  (23%) (8%) (15%) (77%)
(55-80 dni)
Inseminaény 66 ks 46 ks 7ks 6 ks 33ks
index (59%)  (41%) (15%)  (13%) (72%)
(1,2-2)
Servisperiéda  99ks 13ks 4ks 3ks 6 ks
(60-110dni) (88%) (12%)  (31%) (23%) (46%)
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M edziobdobie 46ks 12 ks 1lks 1lks 10ks
(365-400 dni) (41%) (11%) (8%) (8%) (84%)
Doba laktéacie 86 ks 26 ks 4 ks 7 ks 15ks
(240-305 dni) (77%)  (23%) (15%) (27%) (58%)

Poznamka: V — vyhowujuca, N — nevyhovujica, SKM — subklinicka
mastitida, KM — klinicka mastitida

4. ZAVER

V zmieSanych vzorkach mlieka boli zistené pri oboch formach
magtitidy baktérie Saphylococcus aureus, koaguléza-negativne
stafylokoky (Staphylococcus xylosus a Staphylococcus
chromogenes), Aerococcus viridans a Escherichia coli. V porovnani
soptimalnymi hodnotami reprodukénych ukazovatelov, vysledky
preukézali neuspokojivé reprodukéné hodnoty predovsetkym u
dojnic s klinickou formou mastitidy.
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Abstrakt Cielom prace bolo hodnotit’ vplyv vyzivy na obsah
mocoviny v mlieku dojnic. Analyzovany obsah Zivin v kfmnej
davke zodpoveda potrebe dojnic pre produkciu mliekana drovni
39,4 + 1,4 kg/d, pricom kolisanie zloziek mlieka a obsahu mocoviny
v mlieku poukazuje na rézny obsah Zivin ageneticky potencid
zvierat. U dojnic v 1. faze laktacie bola potvrdend pozitivna regresna
zavislost’ (R? = 0,982; P < 0,001) medzi koncentraciou mocoviny
v mlieku aobsahom dusikatych latok v kimnej davke a negativna
regresna zavislost' (R? = 0,229; P < 0,05) medzi koncentraciou
mocoviny v mlieku aobsahom nevl&knitych sacharidov a obsahom
Skrobu v kimnej davke dojnic (R2 = 0,339; P < 0,05).

Kli¢ova slova VyZiva, hruby protein, energia, mo¢ovina v mlieku

1. UvoD

Bachorovo degradovatelné bielkoviny z kifmnej davky (KD) po
vstupe do bachora si degradované na amoniak, ktory predstavuje
hlavny zdroj dusika (N) na syntézu mikrobidng bielkoviny v
bachore (Kardi a Russel, 2001). Syntéza mikrobialnej bielkoviny v
bachore zavisi g od sacharidov ako zdroja energie pre baktérie
(Rodriguez akal., 2007).

Skrob ako hlavna energetickd zlozka v obilninach predstavuje
primérny zdroj glukogénnej energie pre vysoko produkéné dojnice,
sliziaci ako  fermentovatelny  substradt pre  bachorové
mikroorganizmy a syntézu mikrobidne bielkoviny. Pri jeho
nedostatku v KD obsah amoniaku v bachore stlpa, Vv peceni
dochéddza kjeho transformacii na mocovinu s ndslednym
vylucovanim von ztela mo¢om, slinami a vzhl'adom nato, ze ide
omall molekulu rychlo prestupuje bunkovymi membranami a pri
sekrécii mlieka prechadza do mlieénej Zzlazy tUmerne s
koncentraciou mocoviny v krvi (Koenig a kol. 2003; Roy a kol.,
2011).

Hodnotenie moc¢oviny v mlieku (Milk urea - MU) predstavuje
vhodny néstroj hodnotenia efektivnosti vyuZitia bielkovin z kfmnej

davky u dojnic. Obsah MU je ovplyvneny viacerymi faktormi.
Medzi nutriéné faktory, ktoré maju zasadny vplyv na koncentréciu
MU patria dusikaté latky (NL), bachorovo degradovateIné (BDB)
abachorovo nedegradovatelné bielkoviny (BNB), pomer
energiabielkoviny aobsah Skrobu a nevléknitych sacharidov (NVS)
v kimnej davke (Godden a kol., 2001).

Okrem nutri¢nych faktorov, ktoré v ngjviacsej miere ovplyviuju
obsah MU je tento obsah podl'a Arunvipas a kol. (2003) na 13,3 %
ovplyvneny nenutricnymi faktormi (plemeno, poradie laktacie,
Stadium laktécie, sezéna) apodla Hojman a kol. (2004) na 37 %
produkénymi faktormi (produkcia a zlozky mlieka). Cielom prace
bolo hodnotit’ vplyv vyzivy na obsah MU dojnic.

2. MATERIAL A METODIKA
2.1 Rozdelenie stada dojnic

Préca bola realizovand na slovenskej farme v obdobi od Januara
2018 do Decembra 2018 u dojnic Holsteinského plemena (n=180) v
1. féze laktécie (laktacné dni 75 + 26) shmotnostou 650 kg.

2.2 ZloZenieaanalyza TMR

Kimne davky boli formované z kukuriénej, d’atelinovej a travne
sildze doplnené o jadrovi zlozku, ktorej zékladom bola kukurica,
pSenica, jaémeti, ovos, sdjovy a repkovy extrahovany Srot. Analyza
obsahu Zivin v zlabovych vzorkadch zmesnych kfmnych davok
(TMR) bola vykonana v mesaénych intervaloch so stanovenim
obsahu dusikatych létok (NL), neutréine detergentnegj viakniny
(NDV) a skrobu konvenénymi metédami (Nariadenie komisie ES ¢.
152/2009). Dusikaté latky boli analyzované Kjeldahlovou metédou
N x 6,25 pomocou pristroja Kjeltec analyzator 2300 (Foss Tecator
AB, Hoganas, Svédsko). NDV bola stanovena pomocou pristroja
Dosi-Fibre Analyzer (JP Selecta, Spanielsko) a skrob bol stanoveny
polarimetrickou metédou. Nevldknité sacharidy (NVS) boli
vypocitané rovnicami podla analyzovaného obsahu Zzivin
v krmivéch (NRC, 2021).
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2.3 Produkéné parametre a utilizicia zivin

Dojnice boli dojené dva kré denne a analyzou individudne
odobratych vzorieck mlieka raz mesa¢ne bol hodnoteny obsah
zloziek mlieka a MU v Centralnom analytickom laboratériu mlieka
(s akreditaciou podla normy ISO/IEC 17025:2005) v spolupraci s
Plemendrskou  sluzbou  Slovenske) republiky  vyuZitim
Plemenarskeho informa¢ného systému. Obsah bielkovin, tuku,
laktozy a koncentracia MU boli analyzované metodou infracervenej
spektroskopie s Fourierovou transformaciou na pristroji MilkoScan
FT+ (Foss Electric, Hillered, Dansk) a Bentley FTS (Bentley
Instruments Inc.,, Chaska, USA). Hodnotenie efektivnosti
transformacie N (ETN) bola vypocitané suplatnenim regresnej
rovnice (Huhtanen akol., 2015) podla analyzovaného obsahu
mocoviny v mlieku aprodukcie mlieka Emisia amoniaku bola
odhadnuta pomocou modelu regresnej rovnice Burgosa a kol. (2010)
podla analyzovaného obsahu moc¢ovinového dusika (MUN).

2.4 Statisticka analyza

Vysledky boli spracované pomocou $atistického programu SPSS
Statistical software version 24.0 (IBM Corp., Armonk, NY, USA) a
vyjadrené ako priemer (X), smerodajna odchylka (SD), minimana
amaximalna hodnota. V préaci bola pouZitd jednoducha linedrna
zavislost’ na hodnotenie vztahov medzi obsahom zivin v TMR a
MU udojnic v 1. faze laktacie.

3. VYSLEDKY
3.1 Nutri¢né zloZzenie TMR

Analyzovany obsah Zivin TMR u dojnic v 1. féze laktécie je
sumarizovany v tabulke ¢. 1. Analyzou nutriéného zlozenia TMR
bol zisteny obsah NL na trovni 16 % v sus., ¢o predstavuje vhodné
mnoZzstvo NL pre dojnice v 1.faze laktacie (NRC, 2021), pricom
analyzovany obsah skrobu na trovni 25 % v suS. predstavoval nizku
koncentraciu pre zabezpecenie vysokej produkcie mlieka v 1. faze
laktécie.

Tabulka ¢&. 1, Analyzovany obsah Zivin TMR dojnic v 1. féze
laktécie (% v suS.)

Nutri¢né zloZenie X SD Min M ax
NL % v sus 160 | 02 154 16,2
NDV % v sus. 34,2 1,1 31,3 35,3
Skrob % v sus. 25,0 0,8 24,0 26,1
NVS % v sus. 38,2 1,0 37,0 40,7
NV S:NL 2.4 0,1 2,3 2,6

NL - dusikaté latky; NDV - neutralne detergentné vidknina, NV'S -
nevlaknité sacharidy; TMR - zmesna kfmna davka;

3.2 Hodnotenie produkcie, zloZiek mlieka a obsahu
mocoviny v mlieku dojnic v 1. faze laktacie

Produkcia, zastUpenie zloZiek mlieka a obsash MU u dojnic v 1. faze
laktacie st v priemernych hodnotéch sumarizované v tabul’ke ¢. 2.
Priemerna produkcia mlieka bola 39,4 + 1,4 kg/d (rozsah 36,6 —
40,8), ¢o zodpoveda produkcii dojnic v 1. faze laktécie. Dojnicev 1.
faze laktacie dosahovali priemerny laktacny den 75 + 26, comu
zodpoveda g analyzovany obsah zivin v TMR. Kolisanie zloZiek
mlieka aobsah MU poukazuje na rézny obsah Zivin ageneticky
potencial zvierat.

Vol. 14, issue 01

Tabulka ¢. 2, Produkcia, zlozky mlieka a obsah mo¢oviny v mlieku
dojnic v 1. faze laktacie

X SD Min M ax
Pb6doj kg/d 39,4 14 36,6 40,8
MU mg/dl 26,9 0,9 25,5 28,6
Tuk % 34 0,2 29 3,8
Bielkoviny % 3,0 0,1 29 3,3
L aktéza % 49 0,0 4.8 49
ETN % 31,5 1,8 31,1 31,6
EmisaNH; g/d 88,12 | 30,0 84,86 92,15

MU - mocovina v mlieku; d - defi; ETN — efektivnost’ transformdcie
dusika

3.3 Hodnotenie vzt’ahov medzi koncentraciou MU a
obsahom Zivinv TMR

Hodnotenim vztahu medzi koncentraciou MU a obsahom NL (graf
¢.1) v TMR sme pomocou linedrne regresng zévislosti potvrdili
&atisticky vyznamny (P < 0,001) pozitivny vztah (R2 = 0,9825),
kedy so stUpajicim obsahom NL v TMR stipala g koncentracia
mocoviny v mlieku.

Graf &. 1, Regresna zavislost medzi MU (mg/dl) a obsahom NL
vV TMR (% v sus)
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Hodnotenim vztahu medzi koncentraciou MU a obsshom NVS
vTMR (graf ¢ 2) sme pomocou linedrnej regresnej zavislosti
potvrdili Statisticky vyznamny (P < 0,05) negativny vztah, kedy so
stlpajicim obsahom NVS (R2 = 0,229) v TMR klesala koncentréacia
mocoviny v mlieku.

Graf ¢. 2, Regresna zavislost medzi MU (mg/dl) a obsashom NVS
v TMR (% Vv sus)
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Hodnotenim vztahu medzi koncentraciou MU a obsahom Skrobu
vTMR (graf ¢. 3) sme pomocou linedrnej regresnej zavislosti
potvrdili Statisticky vyznamny (P < 0,05) negativny vztah, kedy so
stipajicim obsahom &krobu (R2 = 0,339) vTMR klesda
koncentracia moc¢oviny v mlieku.
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Graf ¢. 3, Regresna zavislost’ medzi MU (mg/dl) a obsahom skrobu
v TMR (% v sus)
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4. DISKUSIA

Spravna vyziva a uprava nutri¢nych disbalancii v kimnych davkach
vysoko produkénych dojnic napoméha efektivnemu vyuzitiu
bielkovin z kfmnej davky, ¢o ma za nasledok zniZenie strat N do
vonkajSieho prostredia.

Medzi nutriéné faktory, ktoré v najvdcSej miere ovplyviiuju
koncentréciu MU patri obsah NL aenergie v TMR. Hodnotenim
vztahu medzi obsahom MU a NL sme potvrdili pozitivnu zavislost’
(R?= 0,982 ; P < 0,001), kedy so stlipgjlicim obsshom NL v TMR
stipal a obsah MU u dojnic. Koncentracia MU stlpa pri zvy3enom
prijme NL anedostatotnom prijme sacharidov v TMR alebo
nevhodnej skladbe aminokyselin (De Peters aFerguson, 1992;
Jonker akal., 1998). NaSe zavery sa zhoduju s vysledkami Godden a
kol. (2001) a Nousiainen akol. (2004), ktori tento vzt'ah vysvetluji
ako najdolezitejsi nutricny faktor ovplyviiujuci obsah MU. Zvysené
hodnoty mocoviny v mlieku mozu byt priznakom neefektivheho
vyuzitia bielkovin, ¢o ma za nasledok jednak ekonomické straty
(vysoké né&klady na bielkovinové krmivd), environmentalne
dosledky najmi v podobe zvyseného vyluCovania N do zivotného
prostredia (mo¢, vykaly), o moze prispievat’ k eutrofizécii vod a
znecistovaniu ovzdusia (emisie amoniaku) ale aj dopad na zdravie
zvierat (imunitaareprodukcia) (Weiner akol. 2014).

Naopak, vztah medzi koncentraciou MU a obsahom NV'S a Skrobu
v TMR bol potvrdeny negativnou regresnou zavislostou (R%= 0,229;
R?= 0,339), kedy so stlpajicim obsahom NVS akrobu v TMR
koncentracia MU klesala (P < 0,05; P < 0,05). V experimentalnych
podmienkach Hojman akol. (2004) potvrdili vztah medzi MU
aobsahom energie v TMR tiez ako negativny (P < 0,01). Tento
vzt'ah poukazuje na nerovnovahu medzi pomerom energie:bielkovin
VKD, kedy pri nedostatoénom prijme bielkovin a prekrmovani
energiou dochadza k nizkej produkcii amoniaku v bachore pre rast
mikrobidng bielkoviny. Uprava nerovnovahy medzi obsahom
bielkovin aenergie vkimnej davke moéze podporit zvySenh
efektivnost’ vyuzitia N a zniZenie jeho strat s naslednym negativnym
vplyvom na Zivotné prostredie (VandeHaar a St-Pierre, 2004).

Vysoky prijem dusika spdsobuje kumulaciu amoniaku v bachore s
vy$Sou produkciou mocoviny v peéeni (Reynolds a Kristensen,
2008), ¢o zvySuje obsah mocoviny v krvi a mlieku a priamo sivisi
so zvySenym vylu¢ovanim mocovinového dusika v moci a znizuje
vyuzitie dusika na mlie¢nu bielkovinu (Recktenwald a kol., 2014).
Tento proces je priamo ovplyvneny obsahom NL a pomerom skrobu
k NL v kfmnej davke. Emisia amoniaku zavisi od vylu€ovania
dusika mocom. VyluGovany dusik v moc¢i je vyssi vo forme
mocovinového dusika v moc¢i, ktory sa pri kontakte s ureazou rychlo
meni na amoniak a plynny amoniak (Burgos akol., 2007), ktory je
potencialnym zdrojom kontaminécie Zivotného prostredia a vod.

Vol. 14, issue 01

5. ZAVER

Vyziva dojnic zohrava kl'ai¢ovu ulohu v regulacii hladiny mocoviny
v mlieku, ktor4 predstavuje vyznamny bio indikétor dusikove)
rovnovahy v organizme zvierat'a. Spravne vyvazenie pomeru medzi
bielkovinami a fermentovatelnou energiou v TMR je zakladnym
predpokladom efektivneho vyuZitia dusika v bachore. Analyza
obsahu mocoviny v mlieku je cennym nastrojom v rukach
chovatela, vyzivara ¢i veterindra, ktory umoziuje rychlo a
neinvazivne vyhodnotit' stav dusikovej bilancie zvierat a
optimalizovat’ vyzivu dojnic tak, aby bola zabezpecend vysoka
produktivita, dobré zdravie zvierat a zaroveil minimalizované
environmentdne dopady chovu. S rasticim dorazom na
udrzatelnost’ a efektivitu zivocisnej vyroby je kontrola mocoviny v
mlieku jednym z ddlezitych néstrojov pre moderné a zodpovedné
riadenie mlie¢nych fariem.
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Abstract The paper is focused on the research of decreasing the oil
temperature in the hydraulic circuit by the finned cooler. The
experimental setup is used to investigate the oil temperature and the
surface temperature of the hydraulic pipe at the inlet and outlet of
the cooler. The data are compared with respect to the hydraulic
circuit without the cooler used. In addition, the influence of the oil
pump on and off on the temperatures is evaluated. The finned
surface of the cooler ensured a decrease in oil temperature at the
cooler outlet of 3.65 °C and 4.24 °C with the pump on (at 5 minutes)
and with the pump off (at 10 minutes). With the pump off and not
circulating oil in the circuit, the significance of the cooler was most
pronounced. The distribution of temperature fields obtained by
numerical simulation confirmed the advantageous importance of the
demountable fin cooler for the experimental hydraulic circuit.
Finned cooler providing enhanced heat dissipation and thus the
hydraulic oil is protected from degradation. The design of the fin
cooler enables simple installation without shutting down the
hydraulic circuit.

K eywor ds Cooler, hydraulic pipe, heat, oil, temperature

1. INTRODUCTION

Hydraulic pipes are components of hydraulic circuits used e.g. in the
fields of engineering, agriculture, waste management, forestry and
transport technology, construction industry [1]. In order to handle
heavy loads or to compress material, a closed hydraulic circuit is
used in which hydraulic oil flows through a pressure pump [2]. The
oil coolersin the assembly keep the hydraulic oil within the required
temperature range, as the pressure and viscosity of the oil depend on
the operating temperature [3, 4]. The oil cooling is an important part
of hydraulic systems to ensure their correct operation and failure-
free operation. Keeping the oil within operating temperature range
has a positive impact on the life of the hydraulic cil and hydraulic
circuit components, reducing maintenance and repair expenses,
reducing downtimes [5]. Oil coolers are also used in high-
performance internal combustion engines, where the oil absorbs the

heat generated by the piston movement in the cylinder and dissipates
it through the manifold and cooler to the ambient environment. Here
the engine oil performs the function of heat dissipation, friction
reduction, abrasion reduction, detergency, sealing of critical parts
necessary for correct operation of the engine[6].

The two basic methods of cooling oil coolers are cooling by air and
water, which allow the thermal energy to be dissipated into a
secondary medium, usually air or liquid [7, 8]. In the air-cooling
process, the inflow of cold air cools the hot walls of the cooler core.
The advantage of this method is the simplicity of maintenance
ensuring low operating costs, but the main disadvantage is that the
cooling performance is significantly affected by the change in
ambient temperature. Water-cooled systems use a hot and cold
medium separated by a wall to dissipate heat. Here, higher cooling
efficiency is assured because air temperature changes have
negligible effect on cooling performance. A water-cooled cooler
consists of a series of finned tubes through which the hot medium
flows [9, 10]. The coolant absorbs heat from the oil and transfers it
from the cooler to the ambient environment.

External finned coolers are most commonly used to heat transfer
from the hot medium to the ambient air. Several researchers have
investigated the intensification of heat transfer to the ambient
environment through finned surfaces. By increasing the external
heat exchange surface area, more intensive heat transfer from the
heated surface to the ambient air can be achieved [11, 12]. For the
mentioned method of heat dissipation by conduction, convection
and radiation, it is also important to investigate the geometrical
parameters and materials of finned coolers[13, 14]. The effect of fin
thickness, spacing and height on the thermos-hydraulic properties of
the enlarged heat exchange surfaces has been discussed in the
literatures [15, 16].

In the case of machines and equipment, the hydraulic oil is
overheating despite the oil cooler mounted in the hydraulic circuit.
Overheating occurs especially in the summer months and in closed
systems, as well as with high loads on machines and equipment,
which is why the application of a supplementary demountable
cooler is reasonable. Currently commonly used additional coolers

84



GRANT journal
ISSN 1805-062X, 1805-0638 (online)

EUROPEAN GRANT PROJECTS | RESULTS | RESEARCH & DEVELOPMENT | SCIENCE

for hydraulic pipes work on the principle of an insertion between the
two ends of the pipes, which brings several negatives. It is necessary
to shut down the machine or equipment for the installation of such
coolers and aso to deal with some leaks. The demountable finned
cooler designed and investigated in this paper solves these
negatives, whereby the number of heat exchange segments can be
added or removed as necessary depending on the dimensional
capabilities of the machines and eguipment. Also, the size
adaptability of the cooler in terms of adjusting the internal diameter
of the clamp provides the possibility of use for different diameters
of hydraulic pipes. In the presented paper, a disassembled cooler is
designed and investigated in terms of the oil temperatures at the
inlet and outlet of the cooler, and the surface temperatures of the
hydraulic hose. The hydraulic circuit with and without the cooler
installed is compared. Simulations of the temperature fields are
presented to compare the heat conduction in the materials when six
segments and one segment of the cooler are used.

2. MATERIAL AND METHODS

The hydraulic circuit was designed and constructed for the
realization of experimental measurements (Fig. 1). The heated ail
circulated through the hydraulic pipe (1) and was cooled by a
demountable finned cooler (2), which consisted of six segments of
heat exchange surfaces. The oil temperature at the inlet and outlet of
the cooler was measured by NTC temperature sensors ZA 9040-FS
(3, 4) connected to the Almemo 2590 value logger. The measuring
range of the resistance temperature sensors was -50 °C to 125 °C
with measurement accuracy +0.01 °C. The cooled oil flowed into
the oil tank (5) and recirculated by means of a driven hydraulic
pump (7) through the oil filter (6) and cooler (2). The fluid in the
hydraulic circuit is continuously heated to the operating temperature
during the operation of the machine or equipment, which is variable
depending on the load. The optimum operating temperature of
hydraulic oil used in construction machinery ranges from 40°C to
70 °C. The most suitable operating temperature is 50 °C. When
hydraulic oil is heated above°@) the negative hygroscopic
properties of the oil increase significantly, causing degradation [17].

Figure 1 Experimental hydraulic circuit with installed demountable
cooler. 1 — hydraulic pipe, 2 — demountable cooler, 3 — oil
temperature sensor and pipe surface temperature sensor at the inlet
to the cooler, 4 — oil temperature sensor and pipe surface
temperature sensor at the cooler outlet, 5 — oil tank, 6 — oil filter, 7 —
hydraulic pump, 8 — hydraulic pump drive, 9 — pressure gauge,
arrows represent the direction of oil flow.

The pipe surface temperature at the inlet and outlet of the cooler
Tsn,» Tsout Was measured by NiCr-Ni FTA 8068 contact temperature
sensors, which have fixing clamps with springs in order to fix the
sensor to the pipe. The oil temperature at the inlet and outlet of the
cooler Tgin, Toout- The il temperature at the inlet and outlet of the
cooler was measured by NTC ZA9040 resistive temperature sensors
mounted directly in the pipe (Fig. 1). The sensors were connected to
the Almemo 2590 value logger. The contact surfaces of the pipe and
the cooler were coated with a copper-based thermally conductive
paste with a therma conductivity of 3.1 W/(m.K). The hydraulic
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pipe material was EPDM (ethylene propylene diene monomer) with
a thermal conductivity of 0.29 W/(m.K) and the cooler was
auminium with a thermal conductivity of 237 W/(m.K). The 60 W
hydraulic pump achieved a suction capacity of 3 I/min at an
operating temperature of 40 °C to 70 °C. The Wika 7075643
pressure gauge was used to measure the operating pressure in the
system. Type HL32 oil with a density of 875 kg/m® was circulated
in the hydraulic pipe.

The demountable finned cooler is composed of an upper finned
flange (2) and a lower flange (4) which encloses the outer wall of
the hydraulic pipe (1). For the research, six segments were used for
heat removal from the pipe (Fig. 2). The flanges are joined with the
alen screws (3) to form a clamping joint. The individual segments
are joined by means of pins with counter-nuts (5) into which brass
connecting pins (6) are inserted. The number of cooler segments can
be varied depending on the length of the hydraulic pipe. The hot
hydraulic ail (A) flows through the hydraulic hose (1) and out of the
partially cooled hydraulic hose (B) towards the oil tank and pump.

'y

Figure 2 The basic dimensions and design of a demountable cooler.
1 — hydraulic pipe, 2 — upper finned flange, 3 — alen screw, 4 —
lower flange, 5 — hinge, 6 — connecting pin, A — ail inlet, B — ail
outlet.

In the machines and equipment mentioned above, the negative is the
limited mounting space around the individual components. The
hydraulic pipes are generaly not only straight, but are mostly
curved and turned at different angles. In the case of metal tubes, itis
adirect attachment to the machine skeleton. Thisled to the design of
a continuously adjustable cooler composed of the required number
of cooling segments, given the location and difficulty of installation
(Fig. 2). Therotation of the group of segments provided by means of
pins with housings and coupling pins. This design also allows the
pipe to change its length during the operation due to temperature
changes.

3. RESULTS

The course of temperatures measured on the pipe surface at the inlet
and outlet of the cooler when the hydraulic pump is switched on is
shown in Fig. 3. The measurement points were identical with and
without the cooler installed on the pipe. Subsequently, it was
possible to compare and evaluate the effect of the additional cooler
on the cooling efficiency. The cooling time was 5 minutes and the
cooler reduced the outlet temperature by 1.7 °C compared to the
state without cooler. In the starting cooling time from O to 1 minute,
the highest efficiency of the installed cooler can be observed
(difference of 5.3 °C to 8.3 °C at the outlet compared to the
uninstalled cooler).
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The oil temperature measured directly in the hydraulic line was
recorded with the pump on for 5 minutes and subsequently from 5 to
10 minutes with the pump off (Fig. 4). The pump shutdown is also
evident from the temperature courses at the inlet and outlet of the
Toins Toout COOlEr, where temperatures dropped in steps over a period
of 5 minutes. Also, from the courses in Fig. 4, a positive effect of
the installed cooler can be observed, by which the heat dissipation
from the hydraulic line was increased, as evidenced by the lower oil
temperatures at the outlet of the cooler Ty. The installed cooler
ensured a reduction in Ty, Of 3.65 °C and 4.24 °C in a time of
5 minutes and 10 minutes with the pump on and pump off,
respectively. When the pump is switched off and the oil is not
circulating, the temperature differences between the installed cooler
and the cooler without it are higher due to oil stagnation in the
cooler area, which results in a more intensive heat dissipation
through the cooler to the ambient environment. This condition
commonly occurs in practice when the hydraulic control valve does
not allow oil under pressure from the hydraulic pump and the
required cylinder movement is counteracted by drag from the
working environment (e.g. digger arms, hydraulic arms). The
significance of the additional cooler is also evident from the Tg,
values, as the circulation of the cooled ail in the hydraulic circuit
causes a gradual decrease in the inlet temperature of the cooler. The
cooler ensured a T, reduction of 3.42 °C and 3.27 °C in 5 minutes
with the pump on and 10 minutes with the pump off. This has a
positive effect on the long-term and more load-intensive operation
of machines and equipment operating with hydraulic circuits.
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Figure 3 The pipe surface temperatures at the inlet and outlet of the
cooler with the pump switched on.
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Figure 4 The course of oil temperatures at the inlet and outlet of the
cooler.

Fig. 5, 6 shows the courses of the oil temperature differences AT at
the inlet and outlet of the cooler, firstly when the pump is switched
on for 5 minutes and then when the pump is switched off between 5
and 10 minutes. When the pump was switched on, it caused a
gradual decrease in temperature differences (Fig. 5) and when it was
switched off, the temperature differences increased and gradually
stabilized (Fig. 6). Higher temperature differences between the inlet
and outlet in this application indicate higher heat dissipation by the
cooler. The significance of the installed cooler with the pump

Vol. 14, issue 01

switched on became more pronounced from time 2:15, when a
number of oil circulations in the hydraulic circuit had aready
occurred, thus gradually decreasing the temperature of the oil also at
the inlet to the cooler. The difference between the AT values was
0.23 °C at the time of 5 minutes with the pump on.
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Figure 5 The course of the oil temperature differences at the inlet
and outlet of the cooler with the pump switched on.
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Figure 6 The course of the oil temperature differences at the inlet
and outlet of the cooler with the pump switched off.

By switching off the pump, the temperature differences increased
significantly and it was the importance of the installed cooler that
became most pronounced here. At 10 minutes, the difference
between the AT values was 0.98 °C and the installed cooler caused
higher temperature differences, which means more intensive heat
dissipation. From 06:30 onwards, the differences between AT values
were of approximately the same range from 0.90 °C to 1.24 °C. In
the case of the machine and equipment connected to the hydraulic
circuit, the heat from the oil is dissipated more effectively through
the cooler to the ambient environment.

The temperature distribution on the surface of the top and bottom
flanges of the demountable cooler was solved numerically with Creo
Simulate 7.0.1.0 (Fig. 7, 8). For the numerical simulations, the
condition without the pump used was assumed for the maximum
load of commonly used hydraulic circuits in practice, when the
highest temperature of 70 °C is reached (overheating condition).
Steady State Thermal Analysis was used for the computation. The
Single-Pass Adaptive convergence criteria were setup using the
Analysis Definition data form. The cooler was of Aluminium alloy
(Al-Cu 2014) with athermal conductivity of 192.163 W/(m.K) and a
specific heat capacity of 9.63753e+08 J/(kg.K). The surface of the
cooler was heat loaded to Q = 5,000 W with a surface temperature
of 70 °C and a bulk temperature of 25 °C. The heat transfer
coefficient on the horizontal surfaces and vertical surfaces was set to
25 and 50 W/(m?.K), respectively.

From the distribution of the temperature fields of the six segments
of the cooler, a gradual decrease of the temperatures in the z-axis
direction can be observed, because in this direction the oil flow in
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the hydraulic pipe (Fig. 7). The temperature gradient between the
first and sixth segments was 10 °C at the centre fins of the top
flanges. The condition is simulated after the oil supply is shut off by
the hydraulic manifold, when the additional cooler enables the
temperature of the hydraulic oil in the pipe to be decreased. There
was also agradual heat transfer in the x-axis direction by conduction
in the material up to the latera fins of the individual segments. The
lateral fins ranged in temperature from 50.90 °C to 42.71 °C. Asthe
temperature of the oil in the hydraulic manifold gradually decreased
due to cooling, the surface temperature on the lower flanges of the
individual segments also gradually decreased from a maximum
temperature of 70.00 °C to 42.71 °C.

Temperatura [*C]

Figure 7 Distribution of temperature fields on the surface of the top
flanges (finned) and bottom flanges of a demountable cooler with
the pump switched off.

In the case of using only one segment as a cooler on the pipe, the
temperature distribution is different especially on the lateral fins of
the segment and the bottom flange of the segment (Fig. 8a). The
application of the single segment would not be sufficient for
efficient heat dissipation along the length of the hydraulic pipe.

Temperature [°C]

Heat flux [W/m?]

Figure 8 Numerical simulations of one segment of a demountable
cooler with the pump off. @) the distribution of temperature fields on
the surface of the top and bottom flange, b) the distribution of heat
flux on the surface of the top and bottom flange.

Vol. 14, issue 01

The distribution of heat fluxes on the surface of top and bottom
segments is shown in Fig. 8b. The heat flux on the surface of the top
flange and fins of the cooler reached values up to 36,910 W/m?. At
singularity points between the horizontal surface of the cooler and
the vertical surface of the fins, this means that the maximum and
minimum values are not taken into consideration.

4. CONCLUSION

The designed demountable cooler allows to reduce the temperature
of the hydraulic ail circulating in the hydraulic systems of a wide
range of machines and equipment. If the ail is excessively heated,
the rubber seals can be damaged, which also reduces the operating
pressure and increases the heat of the oil. Simultaneoudly, if the ail
is loaded with high temperature for a long time, oxidation products
are formed which negatively affect the pump. Up to 85% of
hydraulic system failures are related to the adverse condition of the
oil. In some cases, conventional oil coolers are not sufficient, so this
problem can be solved by dissipating heat from the hydraulic hoses
viaa demountable cooler.

Experimental measurements showed that our designed cooler
achieved areduction of 3.65 °C and 4.24 °C in the oil temperature at
the cooler outlet for 5 minutes and 10 minutes with the pump on and
pump off, respectively. With the pump off and not circulating oil in
the circuit, the significance of the cooler was most pronounced. This
condition occurs in practice in the operation of machines and
equipment when the movement of the hydraulic cylinder is
counteracted by the operating environment. By circulating the oil in
the hydraulic circuit for several times, the temperature of the oil at
the inlet to the cooler gradually decreased. The finned cooler
achieved areduction of 3.42 °C and 3.27 °C in the oil temperature at
the inlet of the cooler for 5 minutes and 10 minutes with the pump
on and pump off, respectively. This has positive effects on the long-
term and more stress-intensive operation of machines and equipment
operating with hydraulic circuits. From simulations of temperature
fields and heat fluxes, it is observed that the increase in cooler
surface area by the fins contributes to improved heat dissipation and
thus the hydraulic oil is protected from degradation.

The application of the demountable cooler is especialy significant
in the summer months or in locations with higher ambient
temperatures all the year round. The extended surface of the cooler
ensures that the heat is dissipated from the hydraulic oil before it
enters the hydraulic pump while the machines and equipment are
being operated. The advantage of our designed cooler is its
congtructional  flexibility, as it alows mounting on different
diameters of pipes and hoses, not only straight but also bent at a
specific angle. The installation of the cooler does not require the
machine or equipment to be shut down, nor is its structural integrity
compromised, which could result in hydraulic oil |eakage or aeration
of the hydraulic circuit.
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Abstract As global efforts to reduce greenhouse gas emissions
intensify, there is growing interest in alternative propulsion systems
that support sustainable transport. Among these, hydrogen-fueled
internal combustion engines have emerged as a promising option
due to their potential to significantly lower carbon-based emissions.
Despite emitting primarily water vapor, hydrogen combustion at
elevated temperatures leads to the production of nitrogen oxides,
which remain a critical environmental concern. This paper
introduces a novel concept for an emission reduction system tailored
to the specific challenges of hydrogen-fueled internal combustion
engine operation addressing factors such as elevated water vapor
concentrations, the necessity for effective N@bntrol, and the
demand for corrosion-resistant system components. The proposed
exhaust system represents a technological advancement aimed at
minimizing pollutant output while improving the environmental and
functional performance of hydrogen combustion engines.

K eywor ds hydrogen, combustion engine, emission

1. INTRODUCTION

With the growing emphasis on reducing greenhouse gas emissions
and transitioning towards sustainable mobility, increasing attention
is being devoted to aternative propulsion technologies. One
promising pathway is the utilisation of hydrogen as afuel ininternal
combustion engines, which offers the potential for decarbonising the
transport sector while retaining the established operational
principles of conventional powertrains.

Although the primary component of hydrogen combustion exhaust
is water vapour, nitrogen oxides (NQ are also formed due to the
high combustion temperatures, posing potential risks to air quality

and human health [1]. The literature indicates that NQ, formation in
hydrogen-fuelled engines is significantly influenced by the
combustion strategy, combustion chamber geometry, and ignition
control parameters [2,3]. In order to mitigate these emissions,
technologies such as exhaust gas recirculation (EGR), selective
catalytic reduction (SCR), and advanced catalytic systems based on
zeolites and metal oxides are commonly employed [3-5].

Another specific feature of the exhaust system in hydrogen internal
combustion engines is the elevated water vapour content, which may
condense and lead to corrosion of exhaust components. According
to [4], the application of corrosion-resistant materials and thermally
stable aloys is essential to withstand the combined effects of high
humidity, elevated temperatures, and pressure fluctuations.
Consequently, the design of the exhaust manifold must account for
both mechanical and chemical stresses on the system [6].

Some studies have aso explored the potential for waste heat
recovery from exhaust gases through energy recovery systems,
which may enhance the overall efficiency of the vehicle [5,7].
However, such approaches require tailored solutions due to the
distinct physical properties of hydrogen exhaust, particularly its high
temperature and humidity [8].

Overall, it is evident that the exhaust system for a hydrogen internal
combustion engine necessitates a fundamentally different design
approach compared to fossil-fuel-based systems. The design must
ensure efficient expulsion of exhaust gases, minimise NO
formation, and simultaneously address the challenges of
condensation and material corrosion [9].
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2. EXHAUST SYSTEM FOR A HYDROGEN
INTERNAL COMBUSTION ENGINE

The development of an exhaust system for a hydrogen internal
combustion engine requires the implementation of specific technical
solutions that take into account the physico-chemical properties of
the exhaust gases, emission control requirements, and operational
conditions [10]. The key design aspects of the exhaust system, as
summarised in Table 1, can be categorised into several aress:
material selection, NO mitigation, water vapour handling, and
thermal flow management.

Conventional )
Parameter engine Hydrogen engine
Regulated CO;,, CO, HC, NO, H,0. NO
emissions particul ate matter 7 X
Corrosion risk L ow to moderate High
Catalyst Three-way catalyst
reguirement or SCR NO catalyst
Condensate Minimal Substantial
accumulation
Material Standard-grade Stalcgrlgﬁi ?S’eel '
requirements steels aluminium alloys
Exhaust energy Low to moderate Moderate to high
potential

Table 1 Comparison of the exhaust system of a hydrogen engine and
aconventional internal combustion engine

Due to the high proportion of water vapour in the exhaust,
condensation and the resulting corrosion pose a significant threat to
the service life of the exhaust system. For this reason, stainless
steels and ceramic coatings resistant to acidic condensate are
preferred. In certain applications, titanium aloys or composite
materials are also considered, offering a combination of low weight
and high resistance to chemical degradation.

Although hydrogen contains no carbon, its combustion at elevated
temperatures leads to the formation of thermally induced NO
Technologies such as NO, adsorbers and zeolite-based catalysts may
be applied to reduce these emissions, particularly in engines
operating under transient load conditions [4].

The large volume of water vapour creates a risk of condensation
within the exhaust piping, especialy during cold starts and low
engine loads. This issue can be addressed by specific muffler
designs. Thermal flow management is also critical for ensuring the
durability of exhaust components and the safe operation of the
vehicle. Based on these considerations, a dedicated exhaust system
design for hydrogen internal combustion engines was devel oped.

3. EXHAUST SYSTEM FOR HYDROGEN
COMBUSTION APPLICATIONS

The exhaust system designed for hydrogen combustion applications,
illustrated in Figure 1, forms an integra part of the hydrogen
combustion engine concept. Its primary objectives are to optimise
exhaust gas expulsion, minimisex N@mation, and ensure
resistance to the high humidity present in hydrogen exhaust gases.
Note: the figure depicts the system without the catalyst insert.

Vol. 14, issue 01

Figure 1 Exhaust system designed for hydrogen combustion
applications

This exhaust system comprises an inlet pipe connected to a dual-
chamber resonator featuring a symmetrical baffle to ensure uniform
gas flow. The exhaust gases subsequently pass through a
compression perforated tube and an expansion perforated tube
situated within the absorption section. This section aids in reducing
acoustic noise and in capturing condensate droplets. The exhaust
gases are then directed to a catalyst specifically engineered for
nitrogen oxide reduction, optimised for high water vapour content
(Figure 2).

Figure 2 Comprehensive architecture of the designed exhaust systém

The outlet pipe is connected to the catalyst through an asymmetrical
baffle, which separates the expansion chamber from the catalyst and
serves to regulate backpressure wave propagation. At the transition
area, areverse cone isinstalled. Its narrowest diameter matches that
of the perforated pipes, thereby ensuring balanced exhaust flow and
preventing condensation (Figure 3).
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Figure 3 Concept of the reverse cone and perforated tubes
The system concept delivers the following functional advantages:

= Reduction of NQ emissions through a specialised catalytic
system,

= Minimisation of water vapour condensation via controlled
thermal flow and corrosion-resistant materials,

=  Noise attenuation through the integrated resonator and absorber
sections,

=  Improved combustion efficiency by favourable redistribution of
backpressure waves that support stable and homogeneous
hydrogen combustion.

The proposed exhaust system for hydrogen combustion engines
represents an innovative solution that specifically addresses the
characteristics of hydrogen exhaust gases - particularly their high
water vapour content, absence of carbonaceous compounds, and
tendency to produce nitrogen oxides (NOy) at elevated temperatures.
The system’s design prioritises a multi-functional approach:
ensuring efficient exhaust flow, reducing harmful emissions,
suppressing acoustic noise, and mitigating condensation and
corrosion of system components.

This system is particularly applicable to light- and medium-duty
automotive transport, where it offers an attractive compromise
between the retention of conventional engine architecture and the
requirements of carbon-neutral propulsion. With the anticipated
expansion of hydrogen combustion engine technologies during the
transitional phase of transport sector decarbonisation, this exhaust
solution provides a practical and technologically feasible alternative
for reducing environmental impact.

4. CONCLUSIONS

This study presents an exhaust system optimised for the specific
requirements of hydrogen internal combustion engines. The system
concept integrates multiple functional components, including a
resonator chamber, an absorption section, a specialised NOj catalyt,
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and an expansion chamber with a reverse cone. These elements
collectively contribute to the reduction of nitrogen oxide formation
through controlled temperature management and an efficient
catalytic process. Simultaneoudly, the system mitigates water vapour
condensation by means of thermal flow regulation and the use of
corrosion-resistant materials.

Additional benefits include improved acoustic properties and
support for stable and efficient hydrogen combustion. The findings
suggest that a well-designed exhaust system can significantly
contribute to the safe, reliable, and environmentally friendly
operation of hydrogen-fuelled combustion engines.

Future research will be focused on the numerical optimisation of
individual components and experimental validation under real-world
operating conditions.
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