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Abstract Inquiry-based teaching supports the development of
students’ scientific literacy across multiple dimensions, including
scientific knowledge, experimental skills, motivation, attitudes, the
application of knowledge, and collaboration. In this study, third-
grade primary school pupils participated in qualitative group
interviews conducted before and after a series of inquiry-based
learning activities focused on exploring natural phenomena,
planning experiments, and applying knowledge in practical contexts.
The quadlitative analysis revealed improvements across all six
investigated dimensions of scientific literacy. Students showed a
deeper understanding of scientific concepts, enhanced experimental
thinking, increased motivation, greater ability to apply scientific
knowledge in everyday situations, and more active collaboration
during discussions. The findings indicate that inquiry-based teaching
can effectively promote the comprehensive development of
scientific literacy and that its principles can be successfully
implemented in higher grades, particularly within the Human and
Nature curriculum, where pupils can build previously acquired
inquiry skills to solve more complex scientific problems.

Keywords science education, inquiry-based learning, scientific
literacy, experimental skills, knowledge application, collaboration

1. INTRODUCTION

In its contemporary understanding, scientific literacy extends
beyond the mere acquisition and reproduction of factual knowledge.
It encompasses the ability to think critically, construct and evaluate
arguments, solve problems, and apply scientific knowledge in
authentic rea-life situations. Empirical research has shown that
instruction based predominantly on the transmission and
reproduction of information is insufficient for developing these
competencies and often contributes to the persistence of students
misconceptions.

Current conceptions of the goals of science education go beyond the
acquisition of isolated facts and concepts. Contemporary curriculum
approaches emphasize the multidimensional nature of science
education, whose primary aim is the development of students
scientific literacy (Bybee, 2013; Bellova, 2018; OECD, 2019;
Osborne, 2014).

The multidimensional goa of science education encompasses the
development of severa interrelated domains: scientific knowledge,
scientific skills, attitudes, and the ability to apply scientific
knowledge in everyday contexts. Scientific literacy is defined as an
individual’s capacity to engage in discussions of scientific issues,
explain natura phenomena using scientific knowledge, design and
evaluate scientific investigations, and interpret data and evidence
(OECD, 2016; OECD, 2019).

Within this framework, science education focuses on multiple
dimensions of learning. The first is the knowledge dimension, which
involves understanding fundamental scientific concepts, principles,
and laws. The second is the process dimension, which concerns the
development of scientific inquiry skills such as asking questions,
formulating hypotheses, planning and conducting experiments,
collecting and interpreting data, and drawing conclusions. The third
is the attitudinal dimension, which includes fostering interest in
science, curiosity, and positive attitudes toward understanding the
natural world. An equally important component is the application
and socia dimension, reflected in the ability to use scientific
knowledge for problem-solving and to engage in evidence-based
discussions of scientific issues (Bybee, 2013; Hodson, 2014,
Osborne, 2014).

Research in science education has consistently shown that the
development of scientific literacy is more effective when students
actively participate in the learning process through Inquiry-Based
Science Education (IBSE). This approach enables students to
investigate natural phenomena, formulate questions, test hypotheses,
and interpret findings, thereby promoting a deeper understanding of
scientific concepts (Oliver, McConney & Woods-McConney, 2021;
Jegstad, 2023).

Recent studies further indicate that inquiry-based and problem-
based instructional approaches make a substantial contribution to the
development of scientific literacy, critical thinking, and problem-
solving skills. Experimental and quantitative studies confirm that the
implementation of inquiry-based strategies leads to improved
conceptual understanding of scientific phenomena as well as
increased student motivation to learn science (Eymur & Cetin, 2024;
Faizin, Susantini & Raharjo, 2024).

The importance of inquiry-based learning is aso supported by
recent systematic reviews, which highlight its contribution to the
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development of 21st-century competencies, including critical
thinking, argumentation, collaboration, and the ability to interpret
scientific evidence (Vo & Mooney Simmie, 2025; Nahar &
Machado, 2025). Furthermore, research suggests that integrating
digital tools and emerging technologies into inquiry-based learning
can further enhance students' scientific literacy and the devel opment
of their scientific identity (Huang & Pei, 2024; Ramli & Borhan,
2024; Perdana, Yulianti & Bertiliya, 2025).

Taken together, these findings indicate that the multidimensiona
goa of science education is to develop learners who not only
possess fundamental scientific knowledge but are also capable of
critically evaluating and applying that knowledge in real-world
situations and actively engaging in addressing issues related to
nature, science, and technology.

2. RESEARCH OBJECTIVES AND HYPOTHESES

The aim of the study was to investigate the impact of implementing
inquiry-based activities on the development of multidimensional
scientific literacy among primary school pupils. Individua
dimensions of scientific literacy — knowledge, scientific skills,
attitudes, application of knowledge, and socia collaboration - were
examined through qualitative analysis of group interviews
conducted before and after the educational intervention.

The main research aim was further elaborated into a set of specific
objectives that enabled its systematic achievement:

1. Knowledge Dimension: To determine whether the
implementation of inquiry-based activities contributes to a
deeper understanding of fundamental scientific concepts and
phenomena, as reflected in more accurate and scientifically
sound responses provided by pupils during the interviews.

2. Process/Skills Dimension: To examine the extent to which
pupils, after participating in inquiry-based activities, can
formulate research questions, propose ssimple hypotheses, plan
and conduct experiments, and interpret the data obtained.

3. Motivationa—Attitudinal Dimension: To investigate whether
inquiry-based instruction influences pupils attitudes toward
science education, particularly their motivation, curiosity, and
willingness to engage actively in learning activities.

4. Application Dimension: To explore pupils ability to apply
scientific knowledge when explaining simple real-life situations,
as demonstrated through concrete examples and evidence-based
reasoning during the interviews.

5. Socia Dimension: To examine the extent to which the
implementation  of  inquiry-based  activities promotes
collaboration, discussion, and evidence-based argumentation
among pupils, as reflected in their responses during group
interviews.

6. Assessment of Overall Scientific Literacy Development: To
determine whether inquiry-based instruction contributes to the
development of pupils' scientific literacy in its multidimensional
conception through a comparison of quditative data obtained
from interviews conducted before and after the intervention.

Based on these objectives, the following research hypotheses were
formulated:

H1 (Knowledge Dimension): The implementation of inquiry-based
activities in primary science education will contribute to a deeper
understanding of fundamental scientific concepts and phenomena,
which will be reflected in pupils' interview responses through more
accurate and scientifically sound explanations.

H2 (Process Dimension — Scientific Skills): Following
participation in inquiry-based activities, pupils will demonstrate a
higher level of scientific inquiry skills, particularly in asking
questions, formulating simple hypotheses, planning and interpreting
experiments, as evidenced by their verbal responses during the
interviews.

H3 (Attitudinal Dimension): The implementation of inquiry-based
instruction in science education will lead to positive changes in
pupils motivation and attitudes toward learning science, particularly
regarding their interest, curiosity, and willingness to engage in
learning activities, as reflected in their verbal and reflective
interview responses.

H4 (Application Dimension): After participating in inquiry-based
activities, pupils will be able to apply scientific knowledge when
explaining simple everyday situations, as demonstrated in the
interviews through the use of concrete examples and evidence-based
reasoning.

H5 (Social Dimension): The implementation of inquiry-based
activities will enhance pupils ability to discuss, collaborate, and
construct evidence-based arguments, as reflected in their responses
during the group interviews.

H6 (Overall Multidimensional Effect): Inquiry-based instruction
contributes to the development of pupils' scientific literacy in its
multidimensional conception (knowledge, skills, attitudes, and
application of knowledge), which will be identifiable through
qualitative analysis of the interview data collected before and after
the intervention.

Table 1. Alignment of Scientific Literacy Dimensions, Research
Hypotheses, and Interview Questions (Scientific Inquiry
Competencies)

Competency Area

Dimension Hypothesis Assessed
H1- Level of knowledge;
Knowledge Understanding of  ||accuracy and scientific
Dimension scientific concepts ||correctness of
and phenomena explanations
Observation,
Process/Skills H2 — Development hypothesis

of scientific inquiry

Dimension «ills formqlatlon, .
experimentation
Attitudinal H3 —Motivation .
(Motivational) and attitudes wﬁ‘f{fng'tgﬂ .
Dimension toward science 9 9ag
N H4 — Application of ||Practical application of
g?rgle'rfg;[(;?]n knowledgein knowledge, evidence-
everyday life based reasoning

H5 — Collaboration
and argumentation ||teamwork, discussion

H6 — Development ||Integrated devel opment
of scientific literacy ||across al dimensions

. . . Communication,
Social Dimension

Multidimensional
Dimension

3. RESEARCH METHODOLOGY

The study was conducted with a sample of 30 third-grade primary
school pupils. The aim was to examine the effectiveness of Inquiry-
Based Science Education (IBSE) in fostering the development of
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multidimensional scientific literacy. Participation was voluntary,
and informed parental consent was obtained prior to the study.

The first stage of the research involved a pre-intervention group
interview conducted prior to the implementation of inquiry-based
lessons. Subsequently, the educational intervention was carried out
through a series of inquiry-based learning activities in which pupils
actively participated. Following the completion of the instructional
sequence, the same interview protocol was administered again (post-
intervention interview) in order to identify changes across the
previously defined dimensions of scientific literacy.

The interviews were conducted in the classroom, audio-recorded,
and subsequently transcribed verbatim. Data analysis was carried
out using quditative content analysis. PupilS responses were
categorized according to the individual dimensions of scientific
literacy and compared across the pre-intervention and post-
intervention phases.

This procedure enabled the identification of changes in pupils
scientific knowledge, inquiry skills, attitudes, ability to apply
scientific knowledge, and social collaboration, thereby alowing the
effectiveness of inquiry-based instruction to be evaluated.

The interview protocol consisted of 12 questions, which were
organized according to the dimensions of scientific literacy and
aligned with research hypotheses H1-H6.

4. IMPLEMENTATION OF INQUIRY-BASED
ACTIVITIES

As part of the research, five inquiry-based science lessons were
implemented with the pupils. These lessons included a variety of
activities designed to foster the development of multidimensional
scientific literacy:

1. The World of Insects and Plants — pupils investigated plants
and insects in the school environment, conducting observations
and recording data.

2. Water and Its Properties — pupils explored the water cycle,
evaporation, condensation, and solubility through inquiry-based
investigations.

3. Magnetic and Electrical Interactions — pupils experimented
with magnets and simple electrical circuits, exploring basic
physical phenomena.

4. Colours and Light — pupils observed the dispersion of white
light using a prism, mixed colours, and investigated shadow
phenomena.

5. Soil and Plants — pupils compared plant growth in different soil
types and moisture conditions, recorded observations, and drew
conclusions based on the collected evidence.

These activities enabled pupils to observe and explain natural
phenomena, plan and conduct experiments, collaborate with peers,
construct evidence-based arguments, and apply scientific knowledge
in practica contexts. In this way, the effectiveness of Inquiry-Based
Science Education (IBSE) in promoting multidimensiona scientific
literacy was examined.

5. COMPARATIVE ANALYSIS OF RESULTS
BEFORE AND AFTER THE EDUCATIONAL
INTERVENTION

The collected data were analysed using thematic analysis,
specifically the procedure of open coding, which enabled the

systematic identification of meaningful patterns in pupils responses
before and after the implementation of the inquiry-based activities.
The analysis was conducted in several successive stages. First, the
group interviews were transcribed verbatim, creating a reliable
corpus for qualitative analysis. Subsequently, meaning units were
identified within the transcripts. These consisted of segments of text
containing information relevant to the investigated dimensions of
scientific literacy.

In the next phase, open coding was applied, whereby individual
meaning units were assigned codes that captured their content and
significance. This process was inductive in nature, with codes
emerging directly from the data rather than being derived from a
predetermined coding framework. Subsequently, conceptualy
related codes were grouped into broader thematic categories
representing the principal dimensions and aspects of the
phenomenon under investigation (Table 2).

The resulting categories enabled a systematic interpretation of the
data and facilitated the identification of changesin pupils responses
between the pre-intervention and post-intervention phases of the
study. The results of the analysis were processed separately for each
phase and organized into comprehensive analytical tables. Owing to
thelr extent, these tables are not included in the present paper.

The processed data were subsequently synthesized in Table 2,
which presents the qualitative differences observed between the pre-
intervention and post-intervention phases. This procedure made it
possible to identify developments within the individual dimensions
of scientific literacy resulting from the implementation of Inquiry-
Based Science Education (IBSE).

Table 2. Comparison of Categories Emerging from Pupils
Responses Before and After the Implementation of Inquiry-Based
Activities

Category

Before the Activities
— Characteristics of
Pupils’ Responses

After the Activities —
Characteristics of
Pupils’ Responses

Understanding of

An experiment is
generaly seenasa

Pupils describe an
experiment asa

Purpose of
Experimentation

genera reasons, such
as learning something
new or finding an
answer to a question.

E(;e:::l;centation way 1o find things out gnmedtit:ﬁtsto verty
P or test an idea. P
Responses are more
Pupils mainly provide||precise

experimentation is
described as a means
of testing ideas and
understanding how
things work.

Knowledge of

Pupils mention basic
examples derived

More specific
knowledge acquired

Information about
Nature

genera observation
of nature.

Natural through the activities
Phenomena from clz_assroom isevident in their
instruction.
responses.
Pupils more frequently
Ways of Responsesinclude  ||mention planning
Obtaining reading books or investigations,

observing changes,
and testing their own
ideas.

Experimental
Thinking

Pupils only partialy
describe procedures

for testing ideas.

More systematic
reasoning includes
comparing conditions,
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Category

Before the Activities
— Characteristics of
Pupils’ Responses

After the Activities —
Characteristics of
Pupils’ Responses

controlling variables,
and monitoring results.

Understanding of

Observation is often

Pupils describe
observation as

the Concent of understood as monitoring changes
Observatign “paying attention to  ||during an investigation

the teacher.” and noticing

differences.
. Most pupils are Pupils describe a
Egdég;t?:dtl 2? of unfamiliar with the ||hypothesisasa
H othesig term or unable to prediction that must be
yp explain it. tested.
. } Positive aspects of
. Pupilsmainly collaboration emerge,

Collaboration mention difficulties such as task
During related to cooperation distribution and
Investigations (e.g., problems S

reaching agreement) listening to one

" ||another.

Pgr?;;p:gggr?s such Pupils recognize the
Reflection on gs sharin ' importance of
Experimental inf at'g discussing results and
Results inrormation or different observations.

describing what they

have learned.

Motivation for
Inquiry

Most pupils report
enjoying
investigations, mainly
because they learn

something new.

Motivation is stronger
and linked to direct
experience with
investigations.

6. VERIFICATION OF THE RESEARCH
HYPOTHESES AND DISCUSSION

The qualitative comparison was followed by a quantification of the
findings, which resulted in the construction of a summary graph
(Figure 1). The graph was based on the identified categories and
codes, with the occurrence of relevant pupil responses being
recorded for each category in both the pre-intervention and post-
intervention interviews. These occurrences were subsequently
expressed as frequencies, enabling the representation of the
prevalence of individual phenomena across both phases of the study.

Figure 1 thus provides a synthetic overview of changes across the
individual dimensions of scientific literacy. Comparing the
frequencies observed before and after the intervention makes it
possible to identify increases or decreases in the occurrence of the
investigated indicators. The graph therefore serves as a basis for
testing the proposed hypotheses, as it illustrates the extent of
development in pupils scientific knowledge, inquiry skills,
atitudes, ability to apply scientific knowledge, and socid
competencies.

ion for Inguiry

Figure 1. Comparison of the Frequencies of Categories Emerging
from PupilS Responses in the Pre-Intervention and Post-
Intervention Interviews.

Based on the data presented in Figure 1, the proposed hypotheses
can be evaluated as follows:

H1: Knowledge Dimension

The most substantial increases were observed in the categories
Understanding of Scientific Experimentation (+5) and
Experimental Thinking (+5), indicating a significant deepening of
pupils understanding of the principles of scientific inquiry.
Considerable improvement was also evident in the categories
Understanding of the Concept of Observation (+4) and
Understanding of the Concept of Hypothesis (+4), suggesting a
better grasp of fundamental scientific concepts.

The category Knowledge of Natural Phenomena increased by +3,
indicating that pupils explanations became more accurate and
conceptually sophisticated. A similar increase was observed in the
category Ways of Obtaining Information about Nature (+3),
further supporting the development of scientific reasoning.

Overall, the most pronounced changes occurred in categories related
to conceptual understanding and scientific thinking, providing direct
evidence in support of Hypothesis H1. Following the intervention,
pupils responses were more accurate, scientifically sound, and
conceptually deeper. Therefore, H1 can be considered confirmed.

H2: Process Dimension — Scientific Inquiry Skills

The evaluation of H2 focused on categories associated with the
development of scientific inquiry skills, particularly hypothesis
formulation, experiment planning, and interpretation of results.

The largest increase was observed in Experimental Thinking
(experiment planning) (+5; from 2 to 7), indicating a better
understanding of experimental design and a more systematic
approach to problem-solving. Understanding of the Concept of
Hypothesis increased by +4 (from 1 to 5), while Understanding of
the Concept of Observation incressed by +4 (from 2 to 6),
suggesting that pupils acquired essential scientific inquiry concepts.

The category Understanding of Scientific Experimentation
increased by +5 (from 3 to 8), demonstrating a more comprehensive
understanding of the experimental process and its purpose.
Furthermore, the increase in Reflection on Experimental Results
(+3; from 3 to 6) indicates an enhanced ability to draw conclusions
and communicate them verbally.

The overal improvement across al relevant categories indicates a
substantial development of pupils scientific inquiry skills, as
reflected in their verbal responses during the interviews. Therefore,
Hypothesis H2 can be considered confirmed.
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H3: Attitudinal Dimension

The evaluation of H3 focused on categories reflecting the affective
and value-related aspects of learning.

Following the implementation of the inquiry-based activities, an
increase was observed in the category Purpose of Experimentation
(+3; from 4 to 7), indicating a deeper appreciation of the value of
scientific investigation. Similarly, Reflection on Experimental
Results increased by +3 (from 3 to 6), suggesting a greater
willingness among pupils to think about and articulate their own
learning experiences. The increase in Ways of Obtaining
Information about Nature (+3; from 3 to 6) indicates a broader
understanding of how knowledge about the natural world can be
acquired.

Although the category Motivation for Inquiry increased by +3
(from 5 to 8), the key finding is that positive changes were also
evident in broader attitudinad indicators, including pupils
appreciation of experimentation and their engagement in the
learning process.

These findings confirm that Inquiry-Based Science Education
(IBSE) contributed to positive changes in pupils motivation and
attitudes toward science learning. Therefore, Hypothesis H3 can be
considered confirmed.

H4: Application Dimension
The evaluation of H4 focused on categories reflecting pupils' ability
to apply scientific knowledge in real-life contexts and to construct
evidence-based explanations.

Following the implementation of the inquiry-based activities, pupils
demonstrated an increased ability to:

= Apply knowledge of natural phenomena by providing
examples from everyday life, indicating a stronger connection
between scientific knowledge and practical contexts.

= Reflect on experimental results and interpret observations.
The increase in the category Reflection on Experimental
Results (+3; from 3 to 6) suggests an improved ability to draw
conclusons and transfer them beyond the immediate
experimental setting.

= Construct evidence-based arguments. Pupils increasingly
referred to observed data and experimental results when
explaining phenomena, clearly indicating the development of
scientific reasoning and argumentation.

Improvement was also evident in pupils' ability to connect scientific
concepts and phenomena with practical situations, as reflected in the
category Ways of Obtaining Information about Nature.

These findings confirm that Inquiry-Based Science Education
(IBSE) supported the development of pupils application skills.
Pupils not only demonstrated an understanding of scientific concepts
and phenomena but were also able to apply this knowledge in
practical contexts. Therefore, Hypothesis H4 can be considered
confirmed.

H5: Social Dimension

The evaluation of H5 focused on the social dimension of scientific
literacy, namely collaboration, discussion, and evidence-based
reasoning.

Following the implementation of the inquiry-based activities,
improvements were observed in pupils’ abilities to:

=  Collaborate during investigations. The frequency of
relevant responses increased from 4 to 6 (+2), indicating

more active coordination of tasks and greater participation
in group work.

=  Construct evidence-based arguments. The increase in
the category Reflection on Experimental Results from 3
to 6 (+3) demonstrates more frequent use of observations
and experimental evidence to justify conclusions.

=  Engage in discussion and share ideas. The increase from
3 to 6 (+3) in categories related to reflection and sharing
results  suggests more  active  communication,
responsiveness to classmates opinions, and constructive
argumentation.

Additional observations confirmed that pupils more frequently
asked their peers for opinions, proposed alternative explanations,
and discussed experimental outcomes. These behaviours reflect
active participation and the collaborative construction of knowledge.
These findings indicate that Inquiry-Based Science Education
(IBSE) supported the development of pupils social competencies.
Therefore, Hypothesis H5 can be considered confirmed.

H6: Overall Multidimensional Effect

In conclusion, Hypothesis H6 was confirmed, as positive changes
were observed across al investigated dimensions of scientific
literacy. The findings indicate an overall improvement in pupils
scientific literacy, encompassing scientific knowledge, inquiry
skills, attitudes, application of knowledge, and social competencies.

Taken together, the results suggest that Inquiry-Based Science
Education (IBSE) is an effective pedagogical approach for fostering
the multidimensional development of scientific literacy in primary
school pupils.

7. CONCLUSION

The overall findings of the study indicate that the implementation of
Inquiry-Based Science Education (IBSE) in primary science
education significantly contributes to the development of pupils
scientific literacy in its multidimensional conception, encompassing
scientific knowledge, inquiry skills, attitudes, and the ability to
apply knowledge. This conclusion is consistent with previous
international research demonstrating that inquiry-based and active-
learning approaches enhance learning outcomes, student motivation,
and understanding of scientific concepts (Li & Ding, 2023; Strat,
Henriksen, & Jegstad, 2023).

Empirical evidence further suggests that the inclusion of inquiry-
based activities substantially improves pupils attitudes toward
science subjects, their emotiona engagement, and their willingness
to participate actively in the learning process (Gangjova, Orosova,
Sotdkovd, & Letodnikova, 2025).

Systematic reviews and meta-analyses have aso shown that
contextualized inquiry tasks, discussion of scientific explanations,
and students’ independent justification of their responses are crucial
for the development of critical thinking and scientific inquiry skills.
These approaches enable learners to move beyond the simple
acquisition of facts toward deeper, more active, and reflective
reasoning in the context of authentic problems (Furtak, Seidd,
Iverson, & Briggs, 2012; Crawford, 2014).

The results of the present study revealed improvements across all
investigated dimensions, ranging from verbally expressed scientific
knowledge and the planning and interpretation of experiments to the
application of knowledge in everyday situations and the
development of positive attitudes toward science. These changes do
not represent isolated or incidental occurrences; rather, they are
consistent with the existing body of research on the effectiveness of
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inquiry-based approaches in science education. The findings
therefore confirm the potential of Inquiry-Based Science Education
to foster comprehensive scientific literacy and greater student
engagement in science learning. The educational approach presented
in this study may be progressively implemented in higher grades
within the curriculum area Human and Nature. At this stage of
schooling, pupils already possess basic experience with inquiry-
based activities, enabling them to engage more actively in solving
complex tasks and to participate in scientific investigations at more
advanced levels of inquiry.

Nevertheess, it should be acknowledged that the findings support
the proposed hypotheses only within the context of a single class
and a relatively smal sample of pupils. Consequently, the
generalizability of the results to other schools or larger populations
remains limited. Future research should therefore include multiple
classes, larger samples, and diverse school contexts to strengthen the
vaidity and generalizability of the findings. We also propose several
directions for future research that could deepen the understanding of
these effects and enable broader generalization of the findings:

Investigation of interdisciplinary relationships — The aim would be
to examine whether an inquiry-based approach to science education
also enhances critical thinking, mathematical skills, and language
literacy. This would help determine the extent to which the
multidimensional goals of science education foster broader student
competencies.

Comparative research on different types of inquiry-based activities —
The objective would be to compare the effectiveness of various
forms of inquiry-based learning activities, such as individua tasks,
group work, and digital ssimulations. The research would employ
experimental and quasi-experimental  designs,  classroom
observations, assessment of student outcomes, and qualitative
interviews. The expected contribution would be the identification of
those types of activities that most effectively promote skill
development, positive attitudes toward learning, and the ability to
apply acquired knowledge.

Examination of the socia dimension and teamwork — The am
would be to investigate in greater detail how students' collaboration,
discussion, and argumentation influence the learning process and the
development of scientific literacy. The research would utilize
recordings of group discussions, sociometric anayses of
interactions, and qualitative interviews. The expected contribution
would be a better understanding of the social dimension of inquiry-
based learning and its effects on motivation and sustainable
learning.
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Abstrakt Rastici vyznam socidnych médii prispel k vzniku novych
digitalnych aktérov, ktori sa popri tradicnych médiach podiel'aju na
interpretacii spolocenského a politického diania. Medzi takéto
subjekty patri g slovenska satiricka platforma Zomri, ktora
prostrednictvom internetovych memov, humoru a satiry reflektuje
aktualne udalosti a vstupuje do verejnej diskusie. Cielom vedecke;j
stadie je identifikovat’ charakteristické znaky komunikéacie
platformy Zomri na socialnych sietach so zameranim na tematické
zameranie publikovaného obsahu a komunikaéné stratégie
vyuzivané pri interpretacii spoloCenskych a politickych tém.
Vyskum vyuziva kvalitativnu obsahovd anayzu doplnend o
diskurzivnu analyzu a hermeneutickd interpretaciu prispevkov
publikovanych na oficidnych profiloch platformy na socidnych
sietach Facebook a Instagram. Vysledky ukazujui, ze komunikécia
platformy je charakteristickd tematickou  hybridizaciou,
dominantnym zastiipenim domadcich spolocenskych a politickych
tém, vyuzivanim memetickej vizualngl komunikacie, neformalneho
jazykového &tylu a participativneho modelu tvorby obsahu. Setira
pritom neplni iba zabavnu funkciu, ale predstavuje interpretacny
mechanizmus, prostrednictvom ktorého platforma ramcuje aktuéne
udalosti a spoluutvéra verejn( diskusiu. Stdia rozSiruje poznatky o
fungovani digitang satirickej komunikécie a poukazuje na vyznam
satirickych platforiem ako $pecifickych medianych aktérov
podielajucich sa na interpretacii spolo¢enského diania.

Kli¢ova slova socidlne médi4, digitdlne médi4, satira, internetové
memy, politicka komunikécia, kvalitativna obsahové anayza, Zomri

1. UVOD A TEORETICKE VYCHODISKA

Sucasny medidlny ekosystém je charakteristicky rastucim
vyznamom online médii a socidlnych sieti, ktoré popri tradi¢nych
médiach predstavuj jeden z hlavnych zdrojov informécii a verging
komunikacie. Digitdlne platformy umoznili  vznik novych
medidlnych aktérov, ktori sa od tradi¢nych spravodajskych médii
odlisuju nielen spdsobom tvorby a distriblcie obsahu, ale g formou
komunikacie s publikom. Medzi takéto subjekty patri g slovenska
satiricka platforma Zomri, ktora prostrednictvom socianych sieti
dlhodobo reflektuje spolocenské a politické dianie a predstavuje
Specificky fenomén slovenského mediéneho prostredia.

Meédia plnia v spolocnosti viacero funkcii, predovsetkym
informacnu, korelacnli, mobiliza¢nu, persuazivnu a zdbavnu (Jezek

& Jirdk, 2014). V digitdlnom prostredi sa ich vyznam dalej
roz8iruje, ked’ze socialne média vytvaraju priestor nielen na Sirenie
informacii, ale aj na interakciu pouzivatel'ov, budovanie komunit a
verejnu  diskusiu. Zarovenn vyznamne ovplyviiuji spdsob, akym
jednotlivei prijimaju, interpretuju a d’alej zdiel'aju medidlny obsah.
Vyznam socidlnych médii spociva aj v ich schopnosti formovat’
vergint mienku. Prostrednictvom algoritmov, personalizécie obsahu
a odporucacich systémov dochddza k selekcii informacii, ktoré sa
zobrazuju jednotlivym pouzivatelom. Vysledkom méze byt vznik
tzv. né&zorovych bublin, v ktorych si pouZivatelia vystavovani
predovSetkym obsahom podporujlcim ich existujice postoje (Van
Bavel et al., 2021; Srba et al., 2023). K Sireniu nazorov zaroven
prispieva vysoka miera virality socialnych médii, ktord umoziuje
rychle rozsirenie obsahu prostrednictvom zdielania a dalsich
interakcii pouzivatelov. Tento mechanizmus mozno vnimat’ aj ako
preav SirSg technologicke interferencie do spOsobu, akym
jednotlivei — ngmé@ mladSie generécie — prijimau a interpretuja
informacie o spolofenskom diani, ked’ze satiricky a memeticky
obsah Coraz CcastejSie supluje alebo priamo nahradza tradiéné
informacné a vzdelavacie zdroje.

Osohitné postavenie v online komunikacii maju internetové memy.
Vdaka jednoduchému vizualnemu spracovaniu, struénosti a humoru
predstavuju  efektivny  spdsob  komentovania  aktudlneho
spoloCenského a politického diania. Hoci si c¢asto vnimané
predovsetkym ako forma zabavy, mnohé z nich plnia aj informacnt
a interpretacnu funkciu a mézu vyznamne ovplyviiovat' sposob,
akym pouzivatelia vnimaju jednotlivé udalosti. V' spojeni so satirou
vytvaraju $pecificky komunikaény nastroj, prostrednictvom ktorého
dochadza ku kritike spolocenskych javov, verejnych osobnosti ¢i
politickych rozhodnuiti.

Prave na tomto principe je postavena g platforma Zomri, ktora patri
medzi nagvyraznejSie satirické projekty dovenského online
prostredia. Od svojho vzniku v roku 2016 s vybudovala rozsiahlu
komunitu  pouzivatelov na Facebooku a Instagrame a
prostrednictvom kombinacie memov, satiry, irénie a komentovania
aktudlnych udalosti sa stala vyznamnym aktérom digitane
komunikécie. Napriek tomu, Ze jej primarnym cielom nie je
spravodajska ¢innost, jej obsah pravidelne reaguje na spolocenské a
politické udalosti, ¢im vstupuje do verejnej diskusie a ovplyviiuje
spbsob ich interpretécie. Popularita platformy zaroveni poukazuje na
meniace sa postavenie novych digitdlnych aktérov v stcasnom
medidlnom ekosystéme a otvéara otézky ich vplyvu na formovanie
vergingi mienky.
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Vzhladom na svoj charakter predstavuje Zomri Specificky
komunikaény fenomén, ktorého postavenie v slovenskom
medialnom prostredi nie je jednoznacné. Na jednej strane nejde o
spravodajské médium v tradicnom ponimani, ked’ze jeho obsah je
zalozeny na satire, ironii a subjektivnej interpretacii spolocenského
diania. Na druhg strane v3ak platforma pravidelne reflektuje
aktudlne uddosti, vytvara priestor na vergni diskusiu a
prostrednictvom vysokej miery interakcie so svojimi pouzivatelmi
ovplyviiuje sposob, akym su vybrané spolocenské a politické témy
interpretované. Prave kombinécia satiry, vizudng komunikacie a
aktivneho zapojenia komunity odliSuje Zomri od vacSiny tradiénych
médii g inych digitdlnych platforiem.

Vyznam platformy potvrdzuje & jg rozsiahla komunita na
socialnych siet'ach a skuto¢nost, Ze jej obsah pravidelne rezonuje aj
v tradiénych médidch. Hoci administrédori sami deklarujd, ze
cielom stranky nie je poskytovat objektivne spravodajstvo, ale
satiricky komentovat’ spoloCenské dianie, jej prispevky sa casto
stdvaju sucastou SirSej verejnej diskusie. Platforma tak predstavuje
priklad nového typu medidneho aktéra, ktory sice neplni vSetky
charakteristiky tradi¢nych médii, no prostrednictvom svojho dosahu
a komunikacénych stratégii vstupuje do procesu formovania verejne;j
mienky.

Rastici vyznam satirickych platforiem v digitdnom prostredi
zaroven otvara otazky tykajice sa ich komunikacnych stratégii,
tematického zamerania a postavenia v sucasnom medidlnom
ekosystéme. Napriek popularite platformy Zomri sa tejto
problematike na Slovensku venuje len obmedzeny pocet odbornych
préc. Z tohto dévodu sa predkladana &tudia zameriava na anayzu
komunikaénych stratégii platformy Zomri, jej tematického
zamerania a spdsobov, akymi prostrednictvom satiry a memetickej
komunikacie reflektuje spoloCenské a politické udalosti. Takto
koncipovany vyskum moze prispiet’ k lepSiemu pochopeniu ulohy
novych digitalnych aktérov v su¢asnom medialnom prostredi.

2. CIEL A METODIKA

Ciel'om predkladanej $tadie je identifikovat’ charakteristické znaky
komunikacie satirickej platformy Zomri na socidlnych sietach s
dorazom na tematické zameranie publikovaného obsahu a
komunikaéné stratégie vyuzivané pri reflektovani spolocenského a
politického diania. Stadia zaroven poukazuje na 3pecifika
komunikacie platformy v kontexte sufasného digitalneho

medid neho prostredia.

Na dosiahnutie stanoveného ciela boli formulované nasledujuce
vyskumné otézky:

VO1: Aké charakteristiky vykazuje obsah publikovany platformou
Zomri na socialnych sietach?

VO2: Aké komunikacné stratégie vyuziva platforma Zomri pri
sprostredkovani spolo&enskych a politickych tém?

Na zodpovedanie vyskumnych otadzok bola vyuZitd kvditativna
obsahova analyza, doplnend o diskurzivnu analyzu a hermeneuticku
metodu, ktord umoznila interpretovat’ vyznamové roviny skimaného
obsahu v $irSom spolo¢enskom, kultirnom a medidlnom kontexte
(Hendl, 2005). Kombinacia zvolenych metodologickych pristupov
umoznila komplexne analyzovat’ charakter komunikacie platformy,
identifikovat’ jej dominantné komunika¢né charakteristiky a
objasnit’ vyznamové suvislosti satirického diskurzu.

Vyskumny subor tvorili zamerne vybrané prispevky publikované na
oficidlnych profiloch platformy Zomri na socidlnych sietach
Facebook a Instagram v prvom kvartdli roka 2026. Zamerny vyber
bol uplatneny s cielom zabezpecit tematicki aj formatova

rozmanitost  analyzovaného  materidlu  naprie¢  vSetkymi
stanovenymi analytickymi kategoériami, neslo teda o vycerpavajucu
analyzu vsetkych prispevkov publikovanych v danom obdobi.
Analyza sa zameriavala na textovl g vizudlnu zloZku prispevkov,
pricom predmetom skumania boli predovsetkym ich tematické
zameranie, format publikovaného obsahu, vizualne spracovanie, tyl
komunikécie a vyuzivané komunikacné stratégie. Pri interpretécii
vysledkov bol zohladneny aj komunika¢ny kontext jednotlivych
prispevkov a ich vyznam vo vztahu k aktualnemu spolocenskému a
politickému dianiu.

Ziskané Udaje boli spracované prostrednictvom  vopred
definovanych analytickych kategorii, ktoré vychadzali z ciela
vyskumu a zvol eného teoretického ramca.

Tabulka 1: Analytické kategérie pouzité pri kvalitativnej obsahovej
analyze
Oblast’ analyzy

Analyzované kategérie
politika, spolo¢nost,  Sport,
zahrani¢né udalosti, kultara a
dalsie spolocensky relevantné
témy
autorsky obsah, pouzivatel'sky

Tematické zameranie obsahu

Charakter obsahu obsah, prevzaty obsah
Formét prispevkov meme, fotografia, story, video
o . fotografie, screenshoty,
Vizudlne charakteristiky graﬁgcké prvky, text vo vizud iy
irénia, humor,  hyperbola,
Jazykové prostriedky metafory, dlang, vulgarizmy,
expresivne vyrazy
satira, participacia
Komunikaéné stratégie pouzivatel'ov, dialogickost,

aktualnost, kontextualizacia

Zdroj: vlastné spracovanie, 2026

3. VYSLEDKY A ICH INTERPRETACIA VZHECADOM
K VYSKUMNYM OTAZKAM

Vysledky kvalitativnej obsahovej analyzy umoznili identifikovat
charakteristické znaky komunikéacie platformy Zomri z hladiska
tematického zamerania publikovaného obsahu, spdsobu jeho tvorby
a vyuzivanych komunikacnych stratégii. Zistenia poukazuju na to,
Ze jednotlivé analytické kategérie nevystupuju izolovane, ae
vytvérgii vzgomne prepojeny komunikaény model zalozeny na
kombinacii satiry, vizualnej komunikacie, participacie pouzivatel'ov
a aktualnosti reflektovanych tém. Z tohto dévodu si vysedky
prezentované vo vzajomnych suvislostiach, ktoré umoziuju
komplexnejsie pochopit’ spdsob fungovania platformy v prostredi
socidnych médii.

3.1 Charakter publikovaného obsahu ajeho tematické
zameranie

Analyza publikovaného obsahu ukazala, Ze komunikécia platformy
Zomri je charakteristickd vyraznou tematickou rozmanitostou a
vysokou mierou aktualnosti. Publikované prispevky systematicky
reflektovali spoloc¢enské udalosti rezonujlice vo verejnom priestore,
pricom platforma reagovala najmd na témy s vysokym
spolo¢enskym,  politickym alebo medidlnym  vyznamom.
Charakteristickym znakom analyzovaného stiboru bola schopnost’
prepajat’ viacero tematickych rovin do jedného komunikacného
celku. Jednotlivé prispevky preto len vynimocne reflektovali
izolovani udalost. Naopak, prostrednictvom satiry prepajali
politické, spoloc¢enské, kultirne, Sportové ¢i medzinarodné udalosti
a vytvarali §ir$i interpretany ramec, ktory pouzivatel'om umozioval
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vnimat’ jednotlivé témy vo vzajomnych sividostiach. Vysedky
naznauju, ze tematickd hybridizacia predstavuje jeden z
charakteristickych prvkov komunikéacie platformy a zaroven
vyznamne prispievak jg satirickému potencidu.

Z hladiska tematického zamerania dominovali predovSetkym
prispevky reflektujuce domacu politiku a aktualne spolocenské
dianie. Pozornost’ platformy bola ststredend najmid na verejné
vystipenia politickych predstavitelov, rozhodnutia vladnej koalicie
a udalosti s vyraznym spolo¢enskym dosahom. Politické témy vSak
neboli komunikované izolovane ani spravodajskym spésobom.
Platforma ich pravidelne prepajala s d’al$imi spolocenskymi javmi,
¢im vznikali nové vyznamové suvislosti zaloZzené na satirickej
interpretacii reality. Takyto spdsob spracovania obsahu naznacuje,
Ze Zomri nevystupuje ako producent primérnych informécii, ale ako
subjekt, ktory prostrednictvom humoru a irénie poskytuje vlastny
interpretany pohl'ad na aktualne spoloc¢enské udalosti.

Vyznamné zastUpenie mali a prispevky reagujice na udalosti
presahujlce politickil sféru. V analyzovanom obdobi platforma
intenzivne reflektovala 3portové podujatia, predovdetkym Zimné
olympijské hry 2026, ako a medzinarodné udalosti, ktoré boli
nasledne interpretované vo vztahu k domacemu spolocenskému a
politickému kontextu. Podobny pristup bol identifikovany napriklad
aj pri témach suvisiacich s vojnovym konfliktom na Ukrajine ¢i
poskodenim ropovodu Druzba. Tieto udalosti neboli prezentované
ako samostatné informacné celky, ale stdvali sa sucastou S$irSiecho
satirického komentéra reflektujiiceho spologenské nalady a verejnt
diskusiu. Analyza tak ukazuje, Ze platforma systematicky pracuje s
principom kontextuaizécie, prostrednictvom ktorého prepga
zdanlivo nesuvisiace udalosti a vytvara nové interpretaéné vyznamy.

Analyza geografického pévodu tém zaroveti potvrdila jednozna¢nu
orientéciu  platformy na dovenské publikum. Hoci sa v
analyzovanom obdobi objavovali aj zahrani¢né udalosti, ich vyber
bol podmieneny predovSetkym ich vyznamom pre sovenské
spoloCenské alebo politické prostredie. Zahrani¢né témy boli
spravidla vyuZivané ako prostriedok na interpretaciu domécich
udalosti alebo na ich porovnanie s vyvojom v zahrani¢i. Takyto
pristup naznacuje, ze platforma cielene vytvara obsah kultirne aj
spoloCensky zrozumitelny pre domacich pouzivatelov, ¢im
podporuje ich identifikaciu s publikovanymi prispevkami a zaroven
zvySuje potencial ich d’al§ieho Sirenia v online priestore.

Vyznamnym zistenim je a spdsob tvorby publikovaného obsahu.
Analyza preukéazala, Zze Zomri nefunguje vyluéne ako producent
vlastnych prispevkov, ae vyuziva hybridny model tvorby obsahu
zalozeny na kombinacii autorskej produkcie, komunitnych podnetov
a materialov prevzatych z tradiénych médii alebo socialnych sieti.
Charakteristické pritom nebolo samotné preberanie existujiceho
obsahu, ae jeho nadednd satiricka reinterpretéacia a zasadenie do
nového komunika¢ného kontextu. Platforma tak vystupuje nielen
ako autor, ale g ako editor, kurétor a interpret digitdineho obsahu.
Osobitné postavenie mali  prispevky vytvarané samotnymi
sledovate'mi, predovsetkym tzv. ,ppozdravy z dovoleniek”, ktoré
predstavovali pravidelne sa opakujuci formé komunikécie. Ich
vyrazné zastlpenie poukazuje na vysokl mieru participacie
pouzivatelov a zaroven naznacuje, ze komunita zohrava aktivnu
Ulohu pri spoluvytvarani identity platformy. Konkrétnym prikladom
je opakujuci sa format, v ktorom sledovatelia zdiel'aji fotografie
napisu 'ZOMRI' vytvoreného napriklad v piesku, snehu alebo na
displgii telefénu na pozadi znamych svetovych lokalit. Tieto
prispevky, publikované prevazne prostrednictvom miznGcich
pribehov, dokladujt, Ze komunita sa nepodiel’a iba na interpretacii
publikovaného obsahu, ale priamo na spoluvytvarani vizuane
identity platformy.

Z hladiska formatu publikovaného obsahu jednoznaéne dominovali
obrazkové prispevky vyuzivajlce princip internetovych memov. Ich
prevaha potvrdzuje, Ze komunikécia platformy je postavena na
stru¢nom, vizualne orientovanom obsahu umoziujicom rychlu
orientdciu pouzivatelov v komunikovanej téme. Meme format
pritom nepredstavuje iba atraktivny spdsob prezentécie obsahu, ale
plni aj vyznamna interpretantt funkciu. Prostrednictvom
kombindcie obrazu, kratkeho textu a kultirne zdiel'anych vyznamov
umoznuje efektivne sprostredkovat’ satiricki pointu a podporuje
vysoky potencial dalSicho zdielania obsahu. Ostatné formaty,
predovsetkym pribehy (stories) a audiovizudny obsah, boli
vyuzivané skdr doplnkovo, ngiméa na podporu interakcie s publikom
alebo sprostredkovanie pouzivatel'ského obsahu. Vysledky preto
naznacuju, ze vyber komunikaénych formatov je podriadeny
predovSetkym rychlosti komunikécie, jednoduchosti interpretécie a
potenciau virdineho Sirenia.

Tematické charakteristiky publikovaného obsahu zéaroven tuzko
suvisia so spésobom jeho spracovania. Preto bola d’al$ia pozornost’
venovana analyze komunikaénych charakteristik platformy, ktoré
vyznamne ovplyviiuju interpretaciu jednotlivych tém.

3.2 Charakter komunikacie platformy Zomri

Analyza komunikaénych charakteristik platformy Zomri ukazala, Ze
jg komunikacia je postavena na konzistentnom prepgjani
vizualnych, jazykovych a satirickych prvkov, ktoré spolo¢ne
vytvaraju Tlahko identifikovatelny komunika¢ny $tyl. Jednotlivé
zlozky komunikécie pritom nepdsobia izolovane, ale navzgom sa
dopliaju a vytvaraju uceleny interpretaény rdmec. Vysledny vyznam
prispevkov preto nevznika prostrednictvom jednej dominantnej
zlozky, ale kombinaciou obrazu, textu, spolocenského kontextu a
satirickg pointy. Prave té&o synergia predstavuje jeden z hlavnych
faktorov odlisujucich komunikéaciu platformy od tradi¢nych
spravodajskych médii g od bezng komunikacie na socidnych
siet’ach.

Nadvézujic na dominanciu meme formétu identifikovand vysSie,
analyza sa d’alej zamerala na sp6sob jeho vizudlneho spracovania.
Platforma pritom cielene uprednostiiuje minimalistické grafické
rieSenia, ktoré neodvadzaji pozornost od samotného vyznamu
komunikovaného obsahu. Vizudne prvky preto neplnia primarne
estetickll funkciu, ale predstavuju nositel'ov vyznamu podporujtcich
satirickl interpretaciu aktudlnych udalosti. Charakteristické bolo
vyuzivanie autentickych fotografii, screenshotov prispevkov,
komentarov alebo medialnych vystupov, ktoré boli ¢asto ponechané
v povodnej podobe. Takéto spracovanie zvysovalo doveryhodnost
komunikacie a zaroven vytvaralo dojem bezprostredngj reakcie na
aktualne spolocenské dianie. Prikladom je séria meme prispevkov
reagujucich na kontroverzni cenu velkoplosnej LED obrazovky
osadeng na budove Ministerstva obrany. Platforma nielen priamo
reagovala na tuto tému, ale prezdielala aj odvodené obsahy
vytvorené samotnymi sledovatel'mi — napriklad firmy, ktoré s do
obrazovky graficky vloZili vlastni reklamu — ¢&im sa povodne
politicko-ekonomicka téma stala virdlnym internetovym fenoménom
a platforma tak posilnila mieru vzgomng interakcie so svojim
publikom. Satiricky efekt teda vznikal az prostrednictvom ich
zasadenia do nového vyznamového kontextu doplneného kratkym
komentérom alebo vizudlnou Upravou.

Vyznamn( Glohu zohraval g jazyk komunikécie, ktory predstavuje
jeden z ngjvyrazneSich identifikaénych prvkov platformy. Analyza
potvrdila dominanciu neformalneho jazykového &ylu zaloZeného na
kombinacii spisovnych a nespisovnych jazykovych prostriedkov,
expresivnych vyrazov, dangovych pomenovani, anglicizmov,
vulgarizmov, metafor, hyperboly ¢i ironickych prezyvok. Namiesto
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oficidlnych mien politickych predstavitelov platforma pravidelne
pouZiva dternativne pomenovania a zdrobneniny, napriklad
'Sipkovy Andrejko', 'Va§ Petko' alebo 'Mati§ Podaj Kvietok'. Tieto
prezyvky vychéadzaju z konkrétnych vyrokov, medidnych vystipeni
alebo vzhladu danych os6b a ich opakovanym pouzivanim
dochadza k ich ustdleniu nielen v komunikacii platformy, ae g
medzi jej sledovatel'mi.

Jazyk vSak neplni iba funkciu sprostredkovania informécie.
Vysledky naznaCuju, ze prostrednictvom 3Specifického spdsobu
vyjadrovania platforma buduje vlastnl identitu, vytvara pocit
blizkosti so svojim publikom a zdrovenn podporuje spolocné
chépanie komunikovanych udalosti. Charakteristicky jazykovy Styl
sa tak stdva vyznamnym néstrojom diferencidcie platformy od
tradiénych médii a zaroven posiliiuje jej rozpoznatelnost’ v prostredi
socidlnych sieti.

Osobitnu pozornost’ si zasluhuje dialogicky charakter komunikacie.
Platforma pravidelne vyuziva priame oslovovanie pouzivatelov,
spolo¢né zamena, rétorické otazky &1 neformdlne vyzvy,
prostrednictvom ktorych vytvéra dojem prirodzenegj konverzécie s
publikom. Prikladom je ustalené oslovenie sledovatel'ov 'Zomricata',
ktoré pouZivaju tak administrétori, ako g samotni sledovatelia. Toto
pomenovanie funguje ako prejav stotoZnenia sa s platformou a jg
hodnotami a zaroven stiera hranicu medzi tvorcami a publikom
obsahu.

Vydedky ukazali, Ze pouzivatelia nevystupuju iba ako prijemcovia
publikovaného obsahu, ale si systematicky motivovani k jeho
komentovaniu, zdielaniu a spoluvytvaraniu. Takyto spdsob
komunikécie podporuje vznik digitdngj komunity zaloZeng na
spolo¢nom humore, podobnych hodnotovych postojoch a aktivnej
participacii jej c¢lenov. Komunikacia platformy tak presahuje
tradi¢ny model jednostranného publikovania obsahu a pribliZzuje sa
interaktivnemu modelu charakteristickému pre sucasné digitalne
prostredie.

Kracovym prvkom analyzovanej komunikéacie je satira, ktora
prestupuje vSetkymi identifikovanymi komunikaénymi stratégiami.
Humor, irénia, hyperbola, metafory, slovné hracky ¢i memeticka
kultira nepredstavuji samostatné komunikaéné techniky, ale
vytvargi  komplexny systém interpretadnych prostriedkov,
prostrednictvom ktorych platforma reaguje na spoloCenské a
politické udalosti. Satira pritom neplni iba zébavni funkciu.
Analyza ukazala, Ze jg prostrednictvom platforma hodnoti konanie
verginych aktérov, upozoriiuje na spoloCenské rozpory a vytvara
alternativny pohlad na aktudlne udalosti. Vyznam satiry preto
spociva predovsetkym v jej schopnosti prepajat’ humor s kritickou
reflexiou verejného diania. Platforma zaroven v ojedinelych
pripadoch komunikuje bez satirického podténu. Prikladom je
prispevok  publikovany pri  prilezitosti  vyrofia  vrazdy
investigativneho novinara Jana Kuciaka a jeho snibenice Martiny
Kusnirovej, v ktorom platforma namiesto humoru vyjadrila priamy
apel na podporu novinarske prace a spravodlivosti. Absencia satiry
v takychto pripadoch potvrdzuje, ze platforma prispésobuje
komunikaény register zavaznosti témy.

Vysledky zaroven naznacuju, ze Uc¢innost’ komunikacie platformy
nespoc¢iva v jednotlivych komunikacnych prvkoch, ale v ich
vzgomnom prepgani. Jednoduché vizudne spracovanie,
neformédlny jazyk, satiricka interpretécia a vysoka miera participacie
pouzivatelov vytvaraji konzistentny komunikacny model, ktory je
pre publikum Tahko rozpoznatelny a zaroven podporuje jeho
aktivne zapganie do online diskusie. Prave konzistentnost’
komunikaéného S$tylu mozno povazovat za jeden z faktorov
prispievajucich k dihodobej popularite platformy a jgj stabilnému

postaveniu  medzi  najvyznamnejSimi
slovenského digitélneho prostredia.

satirickymi  projektmi

3.3 Interpretacia vysledkov vo vzt’ahu k vyskumnym
otazkam

Syntéza ziskanych vysledkov umoznila zodpovedat obe
formulované vyskumné otazky a zaroven identifikovat zékladné
charakteristiky komunika¢ného modelu platformy Zomri.

Vo vztahu k vyskumnej otazke VOl mozno konStatovat, ZzZe
publikovany obsah platformy je charakteristicky vysokou mierou
aktudlnosti, tematickej rozmanitosti a kontextového prepgjania
spoloCenskych udalosti. Vysledky ukdzali, Ze Zomri nepracuje s
jednotlivymi témami izolovane, ale systematicky ich prepga do
SirSich vyznamovych celkov. Dominancia domécich politickych a
spolo€enskych tém spolu s vyuzivanim meme formatu naznacuje, ze
platforma cielene vytvéra obsah reflektujlci udalosti s vysokou

spoloenskou relevanciou a zaroven prisposobeny spdsobu
konzumécie informécii v prostredi  socidlnych  médii.
Charakteristickym znakom publikovaného obsahu je tiez

participativny model jeho tvorby, v rdmci ktorého sa na vzniku
komunikovanych prispevkov podielaji nielen administratori
platformy, ale 8 samotni pouzivatelia.

Vyskumna otézka VO2 poukazala na to, Zze komunikécia platformy
je zalozena na vzajomnom prepajani viacerych komunikac¢nych
stratégii, ktoré spolofne vytvaraji konzistentny a [lahko
rozpoznatelny komunikacny Styl. Satira predstavuje zakladny
interpretacny princip, prostrednictvom ktorého platforma reaguje na
aktualne spolocenské udalosti. Jej Ucinnost je podporena
minimalistickym vizudlnym spracovanim, neformanym jazykovym
Stylom a dial ogickym spdsobom komunikécie, ktory vytvéra priestor
na aktivnu participaciu pouzivatel'ov. Vysledky zaroven naznacuja,
ze vyznam jednotlivych komunikacnych stratégii nespociva v ich
samostatnom vyuZivani, ale v ich vzgomng synergii, ktora
umoziuje efektivne prepajat’ informacnu, interpretacni a zébavni
rovinu komunikécie.

Na zéklade ziskanych vysledkov mozno konstatovat’, ze platforma
Zomri predstavuje Specificky model  digitdng  satiricke
komunikacie, ktorého podstatou je prepojenie aktudlnosti, satiry,
vizualnej memetickej kultury a participacie pouzivatelov. Tieto
prvky nevystupuji izolovane, ale vytvaraju uceleny komunikac¢ny
ramec, prostrednictvom ktorého platforma nielen reflektuje
spolocenské udalosti, ale zaroven sa aktivne podiela na ich
interpretécii a sprostredkovani vereing diskusie. Identifikované
komunika¢né dimenzie a ich vzajomné prepojenia s synteticky
znazornené v konceptualnom modeli komunikéacie platformy Zomri
(Obrézok 1).
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Obréazok 1: Konceptudlny model komunikacie platformy Zomri
Zdroj: vlastné spracovanie, 2026

4. DISKUSIA

Vedecka &tidia ukazuje, Ze komunikéciu platformy Zomri nemozno
redukovat’ na satiricki produkciu urceni vyluéne na pobavenie
publika. Vysledky naznacuji, ze satira predstavuje zakladny
interpretacny princip, prostrednictvom ktorého platforma spracuva
aktudlne spolocenské a politické udalosti. Nejde teda o alternativu
spravodajstva, ale o Specificky spdsob jeho interpretécie. Tento
zéver koreSponduje s poznatkami Visiovského (2021), podla
ktorého satira prekracuje ramec humoru a plni vyznamnu
spoloéenskokritickll funkciu. Zaroven nadvdzuje na framingova
perspektivu Giirana a Ozardana (2022), ktori poukazujd na to, ze
média neovplyviiuju iba vyber tém, ale aj sposob, akym st udalosti
interpretované. Vysledky predliozeng Stadie ukazuju, Ze préve satira
predstavuje mechanizmus, prostrednictvom ktorého platforma
vytvara vlastny interpretacny ramec spolocenského diania.

Druhym vyznamnym zistenim je dominantné postavenie
internetovych memov v komunikécii platformy. Vysedky potvrdili,
ze meme format nemozno chapat’ iba ako atraktivny vizudny prvok
podporujlci virdine Sirenie obsahu. Naopak, memy predstavuju
komplexny komunikaény néstroj umoziujici prepdjat’ obraz, text a
spolocensky kontext do jedné¢ho vyznamového celku. Tento zaver
podporuji g Rogers a Giorgi (2024), ktori internetové memy
charakterizuju ako Specificky jazyk digitalngl komunikécie zalozeny
na kultirne zdielanych vyznamoch. Podobne Pecnikova a
Pev¢ikova (2023) poukazuji na to, Ze humor internetovych memov
nemozno redukovat’ na zabavnu funkciu, ked’ze vyznamne prispieva
k spolocenskej reflexii aktualnych udalosti. Vysledky predlozenej
Sidie tieto zavery rozSiruju tym, Ze ukazuju, ako sa meme
komunikécia stava dominantnym  nastrojom  interpretécie
spoloéenského a politického diania v slovenskom online prostredi.
Prikladom takejto dynamiky bola séria prispevkov zalozenych na
vizualnej podobnosti slovenského premiéra so zahrani¢nou
influencerkou, ktora na obsah priamo zareagovala na svojom profile.
Tento pripad ilustruje, akym spdsobom sa povodne humorny obsah
mbZe prostrednictvom interakcie samotného objektu satiry stat’
sucastou SirSiecho virdlneho fenoménu presahujuceho hranice

platformy & krajiny.

Vyznamnym prinosom vyskumu je identifikécia participativneho
modelu tvorby obsahu. Analyza ukézala, Ze komunikécia platformy
nevznikd vylucéne prostrednictvom administratorov stranky, ale je
vysdedkom kontinudng interakcie medzi platformou a jg
komunitou. Pouzivatelia sa aktivne podielaju na vytvarani
podnetov, zasielani fotografii ¢i navrhov prispevkov, pricom
administrétori tieto materialy nasledne editujl, reinterpretuji a
zaClefiuju do vlastnej komunikacnej stratégie. Vysledky tak
poukazuju na hybridny model tvorby obsahu, ktory presahuje
tradi¢né chapanie vztahu medzi producentom a publikom. Tento
zéver je v sllade s poznatkami Vicenovej a Trottiera (2020), ktori
upozoriiuji na rastici vyznam participacie pouzivatelov pri
vytvarani internetovel kultlry zalozengj na memoch, humore a
digitdlnom aktivizme. Predlozena Stidia zaroven ukazuje, ze
participacia nepredstavuje iba doplnok komunikéacie, ale jednu z jg
zakladnych charakteristik.

Zaroven je potrebné poznamenat’, Ze participativny model tvorby
obsahu, ktory tato Studia identifikovala, prinasa aj isté interpretacné
rizikd. Napriek vysokej miere zapojenia sledovatelov do tvorby,
interpretécie g distriblcie obsahu totiz o vyslednej podobe a vybere
zverejnen¢ho obsahu rozhoduje vyluéne mald skupina anonymnych
administratorov. Tento mechanizmus, ktory kombinuje prvky
nastolovania tém (agenda-setting) a riadenia pristupu k publicite
(gatekeeping), znamend, Ze napriek zdaniu kolektivng tvorby
zostava vysledna interpretacia spoloc¢enského diania podmienena
subjektivnymi  hodnotovymi  postojmi  obmedzeného poctu
jednotlivcov. Kym Vicenova a Trottier (2020) tento aspekt vnimaju
predovSetkym ako prinos pre digitany aktivizmus, vysedky
predlozenej Stddie naznacuju, ze rovnaky mechanizmus moéze v
kontexte satirickgj platformy s dosshom na stovky tisic
pouzivatelov oslabovat’ transparentnost’ interpretacného ramca,
ked’ze hranica medzi participdciou komunity a kontrolovanou
redakénou selekciou zostava pre bezného sledovatela prakticky
nerozpoznatelna.

Vysledky zaroven poukazuji na meniace sa postavenie satirickych
platforiem v st¢asnom medialnom ekosystéme. Hoci Zomri nespiia
charakteristiky tradi¢ného spravodajského média, jeho komunikacia
vykazuje viaceré funkcie, ktoré su tradi¢ne spdjané s médiami. Popri
zabavnej funkcii plni aj funkciu informaénu, interpretacnu a
korela¢nu, kedZe systematicky reflektuje aktualne spolocenské
udalosti a vytvara priestor pre ich spoloCensku interpreticiu. V
tomto smere mozno vysledky prepajat’ s charakteristikami funkcii
médii podl'a Jezeka a Jiraka (2014). Sucasne nadvézuji na zistenia
Van Bavela et al. (2021) a Srbu et al. (2023), ktori upozoriiuju na
rastici vyznam digitdnych platforiem pri formovani verging
diskusie a interpretdcii spoloCenskych tém. Vysledky preto
naznaCuju, ze satirické platformy predstavuji samostatny typ
digitdlnych medialnych aktérov, ktorych vyznam spociva nielen v
produkcii humoru, ale aj v sprostredkovani spolocenskej reality
prostrednictvom Specifického interpretaéného ramca.

Prinos predkladanej stadie spociva v systematickej analyze
komunikécie jedng z nagvyznamnejSich satirickych platforiem
slovenského online prostredia. Na rozdiel od dotergiSich préc sa
vyskum nezameriava iba na obsah aebo humor ako izolované
fenomény, ale analyzuje komunikéciu platformy ako uceleny systém
prepdjaici tematické zameranie, vizudlne spracovanie, jazykové
prostriedky, satiru a participaciu pouZivatelov. Stidia tak rozsiruje
poznatky o fungovani digitdnych satirickych platforiem a
poukazuje na ich vyznam v procese interpretacie spolo¢enského
diania.

Urcitym limitom vyskumu je casové vymedzenie analyzovaného
obdobia a zameranie na jedini platformu. Ziskané vydedky preto
nemozno automaticky generalizovat’ na vSetky satirické projekty
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pbsobiace v digitdlnom prostredi. Buduci vyskum by sa mohol
zamerat’ na komparéciu viacerych satirickych platforiem, dlhodoby
vyvoj ich komunikaénych stratégii alebo na skiimanie recepcie
satirického obsahu zo strany pouzivatel'ov sociadlnych médii.

5. ZAVER

Predkladand vedecka &tddia sa zamerala na identifikéciu
charakteristickych znakov komunikéacie satirickg platformy Zomri v
prostredi socialnych médii s dérazom na tematické zameranie
publikovaného obsahu a komunikacné stratégie vyuzivané pri
reflektovani spolocenského a politického diania. Prostrednictvom
kvalitativngg obsshove) anayzy, diskurzivng andyzy a
hermeneutickej interpretdcie  bolo mozné  komplexne
charakterizovat’ spdsob, akym platforma vytvara, spracuva a
sprostredkiiva obsah svojim pouzivatel'om.

Vysledky vyskumu ukézali, Ze komunikécia platformy je zaloZzena
na systematickej reflexii aktudlnych spolocenskych udalosti, ktoré
si interpretované prostrednictvom satiry, humoru a memetickej
komunikécie. Charakteristickym znakom publikovaného obsahu je
tematickd hybridizacia, prepajanie viacerych spoloc¢enskych
kontextov, dominantné zastlUpenie domécich politickych tém a
vyuzivanie vizualne orientovanych formatov umoziujucich rychlu a
zrozumitelnl interpretaciu aktudlneho diania. Vyznamnym zistenim
je a participativny charakter tvorby obsahu, ktory potvrdzuje
aktivnu dlohu pouzivatelov pri spoluvytvarani komunikécie
platformy.

Analyza zaroven ukdzala, Ze komunikaciu Zomri nemozno
redukovat’ iba na humor alebo zabavny obsah. Satira predstavuje
zékladny interpretaény princip, prostrednictvom ktorého platforma
ramcuje spolo¢enské udalosti, hodnoti konanie verginych aktérov a
vytvara priestor pre spoloCensku reflexiu. Vzajomné prepéjanie
vizudnych, jazykovych a satirickych prvkov vytvara konzistentny
komunika¢ny model, ktory podporuje vysoki mieru angazovanosti
publika a odliduje platformu od tradi¢nych spravodajskych médii aj
od vicsiny digitalnych komunikaénych projektov.

Prinos predkladanej $tidie spociva v systematickom spracovani
komunikécie jedng z ngvyznamnejSich slovenskych satirickych
platforiem a v identifikovani jej charakteristickych komunika¢nych
principov. Vyskum zaroven poukazuje na skutoc¢nost’, ze satirické
platformy predstavuju vyznamnych aktérov sucasného digitalneho
medidneho  prostredia, ktori  prostrednictvom  vlastnych
komunikaénych stratégii vstupuji do interpretacie spolocenského
diania a spoluvytvargju online vergini diskusiu. Ziskané poznatky
tak prispievgi k lepSiemu pochopeniu fungovania digitang
satirickej komunikacie a mézu predstavovat’ vychodisko pre dalsi
vyskum zamerany na vztah medzi satirou, internetovymi memami,
participaciou pouzivatelov a formovanim verejnej komunikacie v
online prostredi.

Predlozena Studia zaroven naznacuje, ze v podmienkach sti¢asného
digitdneho medidneho prostredia uz satirické platformy nemozno
vnimat" iba ako alternativnu formu online zabavy, ale ako
Specifickych mediainych aktérov, ktori prostrednictvom satiry a
memetickgy komunikacie aktivne vstupuji do interpretécie
spoloc¢enského diania a ovplyvituju charakter verejnej diskusie. V
SirSom kontexte tak vydedky Stidie prispievaju g k pochopeniu
toho, akym spdsobom technologicka interferencia pretvara
neformélne spdsoby ziskavania a interpretéacie informacii nggma u
mladsej generacie pouzivatelov socidlnych médii, ktora satiricky a
memeticky obsah Coraz CcastejSie vnima ako stcast svojho
kazdodenného informacného repertoaru.
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Abstrakt The paper examines the development of cross-curricular
competences among lower secondary school students through
activities aimed at enhancing regional awareness. It presents a case
study conducted in the Czech district of Pfibram and the Slovak
district of Piestany, focusing on the assessment of quality of life in
four municipalities of the local region. The educationa activity
integrated knowledge across subjects and promoted experientia
learning. Although students' achievement levels differed (82% in
the Czech sample and 70% in the Slovak sample), both groups
demonstrated comparable development of key competences,
particularly in communication, collaboration, and organizational
skills. The findings suggest that regionally oriented education
enhances geographical and critical thinking, strengthens problem-
solving abilities, and fosters students attachment to the local

landscape.

Key words Cross-curricular competencies, loca region, regiona
awareness, quality of life

1. INTRODUCTION

Human—environment relationships and people's attachment to place
and landscape constitute one of the oldest and most fundamental
themes in geography (Tuan, 1971, among others). Contemporary
geography, as an interdisciplinary and multidisciplinary field,
extends far beyond the traditiona study and description of
territories. Likewise, school geography has moved beyond the
simple memorisation of geographical concepts and facts. Within the
Slovak curriculum framework for the educational area People and
Society (National Curriculum, 2023), geography education is
increasingly oriented towards developing students ability to
understand phenomena in their spatial contexts, critically evaluate
them, and apply their knowledge to solving real-world problems.

Geography teaching seeks to foster tolerance, openness to diverse
perspectives and socio-cultural values, as well as the ability to ask
questions and search for meaningful answers (Karvankova, 2013).
At the same time, it contributes to the development of cross-
curricular competences associated with life in the twenty-first
century. In this context, the topic of the local landscape and quality
of life represents a particularly valuable educational theme. Owing

to its multidisciplinary nature, it enables meaningful connections
between geography and other school subjects and supports the
implementation of integrated teaching approaches aimed at
developing transferable competences across disciplinary boundaries.
Furthermore, learning activities linked to the surrounding
environment—an area with which students have developed a mental
and emotional connection since early childhood—provide a natural
and non-intrusive means of strengthening their attachment to the
local region and fostering the development of regional identity
(Tomcikova, 2023).

The present paper reports a case study that integrates two
complementary lines of inquiry: (1) students' perceptions and
evaluations of the local landscape and quality of life within it, and
(2) the examination of students practical application of
competences through addressing issues and challenges directly
related to their local environment. In doing so, it offers a model for
incorporating these themes and approaches into the context of
school geography education. Furthermore, it highlights the potential
of these topics not only for strengthening students' geographical
thinking but aso for enhancing their regiona awareness, while
simultaneoudly fostering transferable competences and promoting
the integration of knowledge across different subject areas.

2. THEORETICAL FRAMEWORK OF THE CASE
STUDY

Investigating the characteristics, challenges, and potential solutions
of the local region through the use of empirica evidence and
contextua information represents an effective approach to fostering
students’ interest in their immediate environment. This process
contributes to strengthening students' sense of place and their
attachment to the local region. At the same time, the development of
transferable competences, the promotion of interdisciplinary
connections, and the integration of knowledge across subject areas
serve as important mechanisms for fostering regional awareness and
geographical thinking. These interrelated concepts form the
theoretical foundation of the present article.
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2.1 Transferable Competencesand Interdisciplinary
Connections

Transferable competences constitute one of the fundamental pillars
of contemporary education. They bridge the gap between knowledge
acquisition and its practical application. The concept of competence-
based education can be traced back to the United States in the 1950s
(Hodge, 2007, p. 182). In Central European educational systems, a
similar concept of key competences was gradually adopted during
the 1990s and became an essential component of graduate profiles
designed to meet labour market demands (Blasko, 2010; Cerna &
Likavsky, 2014).

The literature employs a variety of terms, including key, cross-
curricular, transferable, transversal, and generic competences
(Vanco et al.,, 2016). Despite differences in terminology, these
concepts generaly refer to an integrated set of knowledge, skills,
and attitudes that enable individuals to successfully manage both
professional and everyday life situations. The development of such
competences is understood as a lifelong process that begins in early
childhood and continues through all educational stages and school
activities (DeSeCo, 2001). Janik et a. (2009) and Knecht (2010)
argue that these competences transcend the boundaries of individual
school subjects and possess a distinctly interdisciplinary character.
Their development is considered more effective than the
memorisation of isolated facts and subject-specific knowledge.
Consequently, contemporary education increasingly emphasises the
integration of theoretical knowledge with practica skills,
collaboration, and problem-solving, thereby preparing learners to
respond effectively to the complex challenges of the twenty-first
century.

According to the DeSeCo framework (2001), three broad categories
of key competences can be distinguished:

= the ability to use language, technology, and symbolic systems
effectively and interactively;

= the ability to communicate and collaborate within socially and
culturally diverse groups;

= theability to act autonomously, responsibly, and reflectively.

In the context of school education, the Czech Framework
Educational Programme (RVP, 2023, p. 10) specifies key
competences as: learning competence, problem-solving competence,
communicative competence, social and personal competence, civic
competence, work competence, and digital competence. The
development of these competences is not achieved in isolation
within individual school subjects but rather through coordinated
pedagogical strategies that integrate subject content across the
curriculum, that is, through the implementation of interdisciplinary
connections (Schulz et a., 2019). Key competences and
interdisciplinary connections thus constitute the foundation of the
contemporary constructivist model of education. Their integration
into the teaching and learning process promotes learning through
activities and experience, thereby stimulating students’ imagination,
fostering their curiosity and desire to discover, and nurturing their
creativity (Savage, 2011).

2.2 Thelocal Landscape and Human Quality of Life

In the geographical, theoretical-methodological, and didactic
literature, as well as in curriculum-related documents, two areas of
ambiguity can be identified in relation to the teaching of large-scale
regions.

First, ambiguity arises from the understanding and use of
terminology associated with these relatively small spatial units.
Within the Czech and Slovak educational context, such areas are
commonly referred to as the local landscape, local region, micro-
region, or small region (Frey, 1973; Kandracova & Michaeli, 1997,
Madzikova, 2002; Butola, 2023; Tomc¢ikova, 2023, among others).
Although these terms are frequently treated as synonyms, certain
conceptual distinctions can be identified. Terms containing the word
region generally refer to a spatial unit defined by administrative,
natural, or functional boundaries within which interactions occur
among its constituent elements. Such units may include
municipalities, districts, river basins, or climatic zones. In contrast,
the term local landscape places greater emphasis on the visible
physical and cultural features of a particular place, including its
appearance, character, and genius loci. Put simply, the distinction
between a local region and a local landscape may be expressed as
follows: a region concerns where a place belongs, whereas a
landscape concerns what a place looks like and how it is
experienced.

Second, ambiguity arises from methodological issues related to
teaching the local region. Students often struggle to connect broad
regiona characteristics with their own everyday experiences.
Consequently, one of the key challenges of loca region education
lies in balancing abstraction with concreteness and theoretica
knowledge with lived experience. This challenge manifests itself in
two main ways.

(a) Although students are generally familiar with their immediate
surroundings, they may find it difficult to understand how their
municipality, neighbourhood, or district functions as part of a
broader regional system. This gap between lived experience and
conceptual understanding can result in fragmented or superficial
geographica knowledge.

(b) A further challenge stems from the tendency to present regions
as static entities within educational practice. Such an approach
overlooks the dynamic processes that shape local regions, including
their historical development (Driver & Samuel, 1995), loca
governance and politics, migration, economic transformations,
cultural interactions and interdependencies, as well as environmental
issues and the quality of life of local inhabitants. As a result,
students may fail to recognise the local region as a continually
evolving socio-spatial system influenced by multiple interconnected
factors.

Effective teaching of the local landscape is closely associated with
field observation, map anaysis, the use of loca case studies,
project-based learning, and other experientia approaches. Such
methods enable students to actively explore their immediate and
wider surroundings, acquire knowledge about the local area, develop
a sense of familiarity with their environment, and establish
meaningful connections to place. Through direct engagement with
issues affecting their local communities, students can gain a deeper
understanding of regional contexts, spatia relationships, and the
interdependence between people and place, thereby strengthening
their regiona identity. Consequently, the local landscape serves as
an important pedagogical tool for fostering not only spatial thinking
and regional and cultura awareness, but aso environmental
awareness.

The concept of the local region is closely linked to quality of life, as
everyday living conditions are most directly experienced and
manifested at the local and micro-regiona levels. The local region
provides the territorial framework within which access to services,
employment opportunities, social networks, and environmental
conditions is shaped, all of which significantly influence both
objective and subjective assessments of quality of life. At the same

19



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

EUROPEAN GRANT PROJECTS | RESULTS | RESEARCH & DEVELOPMENT | SCIENCE

time, areciprocal relationship exists: the character of the landscape,
its historicd development, settlement patterns, demographic
structure, socio-economic activities, as well as its genius loci and
regional identity, contribute to individuals sense of belonging and
security. These factors represent important intangible dimensions of
quality of life (Cummins, 2000). Quality of life can therefore be
understood as the outcome of the interaction between spatial, socid,
and cultura factors that are concentrated within the local region and
experienced through the everyday lives of its inhabitants (Ira &
Andrasko, 2007).

2.3 Geographical Thinking and Regional Awareness

A central aim of geography education is to ensure that students
acquire not only a meaningful and essential body of general
knowledge but aso the ability to understand the world in terms of
interconnected relationships and processes. Geographical thinking
plays a crucial role in achieving this objective by enabling learners
to interpret and make sense of the world through spatial perspectives
(Karvénkovd, 2013). It offers a uniquely powerful framework for
observing and analysing both the immediate environment and the
wider world across multiple scales, from the loca to the global,
through the examination of physica characteristics, human
activities, and the complex interactions that connect them (Jackson,
2006; Bendl et al., 2024).

Geographical thinking represents a key factor in the devel opment of
regional awareness, as it enables individuals to understand territory,
spatial relationships, scae, and the interconnections between
different places. Through geographica thinking, learners develop
the ability to perceive landscapes and regions not merely as
administratively defined units but as dynamic systems embedded
within a hierarchical structure of spatial entities. The interplay
between geographical thinking and regional awareness promotes a
deeper understanding of one’'s own region while strengthening place
attachment and fostering a sense of responsibility towards the
environment in which individuals live. Regional awareness reflects
the emotional relationship between people and a particular place and
develops through the strengthening of place attachment, as well as
through an understanding of its spatial patterns and historical
continuity (Driver & Samuel, 1995; Nikisher, 2014).

3. RESEARCH AIMSAND OBJECTIVES

The primary aim of the study was to design an instructional resource
focused on the quality of life in the local region. The resource was
intended to facilitate the application of students transferable
competences, integrate geography with other school subjects, and
incorporate selected cross-curricular themes defined in the Czech
and Slovak national curricula. An additional objective was to direct
students’ attention towards the environment in which they live with
their families and, in many cases, were born. Indirectly, the study
also sought to foster students' interest in their local region, enhance
their understanding of its characteristics, strengthen their emotional
attachment to a familiar environment, and thereby deepen their
regional awareness.

To achieve these objectives, a case study in the form of an
instructional activity was designed and implemented. Within the
activity, students assumed the role of applicants seeking
employment at a District Department for Project Management and
Funding. Their task was to determine which of four municipalities
should receive financial support aimed at improving local quality of
life. The position was to be awarded to the applicant who devel oped
and presented the most convincing and well-founded proposal.

Students' performance was subsequently analysed using their
responses recorded in the worksheet, as well as data obtained from
guestionnaire surveys administered to both students and the teachers
who facilitated the activity.

The design of the case study was guided by a set of predefined
criteriathat the instructional activity was required to fulfil.

(8 The activity was anchored in a geographical area that is
intrinsicaly familiar to the students. It focused on the district in
which they live, attend school, and have their homes. The term local
region, referring to the district under study, most accurately captures
the spatial dimension of the case study and is therefore used
throughout the remainder of the paper. Four municipalities within
the local region were selected through quota sampling to ensure
variation in terms of size, location, and character. Municipalities in
which participating students attended school or were likely to reside
were intentionally excluded. Nevertheless, students could still
possess family, social, or other personal tiesto these locdlities.

(b) Throughout the activity, students worked with authentic data
relating to their local region. They engaged with real-world contexts
that were familiar to them either through personal experience, travel,
or indirect knowledge. The instructional tasks were based on the
results of questionnaire surveys and interviews conducted with
randomly selected residents of the four municipalities. The purpose
of this prior research was to investigate loca residents’ perceptions
of quality of lifein their respective communities.

(c) The participants were ninth-grade students from selected lower
secondary schools. At this stage of schooling, students are assumed
to possess the broadest range of subject-specific knowledge, skills,
and learning experiences acquired throughout compulsory
education. They have already developed a variety of cognitive and
procedural strategies and are therefore capable of integrating
knowledge from different disciplines when addressing more
complex educational tasks that transcend traditional subject
boundaries. Such activities may consequently be regarded as an
effective means of fostering transferable competences (Knecht,
2010).

(d) A further objective of the activity was to stimulate students
ability to apply transferable competences, with particular emphasis
on problem-solving competence. The study did not seek to examine
the full spectrum of transferable competences, as this domain
encompasses a broad and heterogeneous range of knowledge, skills,
and dispositions. Instead, students were required to understand a
real-world problem associated with everyday life in the local region,
conceptualise and represent the problem, propose and evaluate
potential solutions, and critically compare their proposas with
aternative approaches. These tasks were framed within the context
of assessing the quality of life in selected municipalities. The
activity thus reflected the principles of learning through activity and
experience (Knecht, 2010; Savage, 2011).

(e) Finaly, the activity was designed to encourage the use of
geographica thinking, spatia reasoning, and the ability to identify
relationships and interconnections. Through each stage of the
learning process, students were encouraged to develop a stronger
sense of belonging to the loca landscape and region, thereby
fostering the devel opment of regional awareness.

4. RESEARCH METHODOLOGY

The investigation of students problem-solving competence within
an instructional activity focused on evaluating qudlity of life in the
local region was conducted in two stages. The first stage took place
in 2017 in the Czech district of Pfibram as a pilot study, followed
three years later by the second stage in 2020 in the Slovak district of
Piestany. In the Piibram district, the study involved two ninth-grade
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classes from ZS pod Svatou Horou in the town of Ptibram,
comprising a total of 28 students (39% boys and 61% girls). In the
Piestany district, the activity was implemented in two schools
located in municipalities with the highest and lowest populations
among those containing lower secondary schools (ZS Drahovce and
ZS Rakovice), as well as in one urban school, ZS Brezova in
Piestany. Altogether, 54 students from three ninth-grade classes
participated in the activity (61% boys and 39% girls).

A quditative research design incorporating selected quantitative
elements was adopted. The instructional activity was implemented
in severa phases. (1) an introductory phase in which the teacher
facilitated a discussion of key concepts and introduced the activity
to students; (2) the main phase, during which students completed the
assigned tasks; (3) a questionnaire survey administered to students
immediately following the activity; (4) a questionnaire-based
evaluation of the activity completed by participating teachers; and
(5) a questionnaire survey examining teachers views and
experiences regarding the use of instructional activities and methods
aimed at fostering transferable competences and interdisciplinary
connections in their teaching practice. The fifth phase is not
analysed in the present paper. The first three phases were compl eted
within asingle lesson.

4.1 Teacher Guiddines

The teacher was provided with detailed guidelines on how to
facilitate students' work throughout the activity. During the first 10
minutes of the lesson, the teacher employed brainstorming as an
introductory method to clarify key concepts associated with the
activity. The teacher then introduced the topic and the local region
under investigation, explained the task requirements, and
familiarised students with the instructional material's, resources, and
terminology relevant to the activity (e.g., quality of life and its
determinants, project management department, funding schemes).
The organisational structure and timing of the activity were also
outlined.

Students were subsequently organised into groups of three to four
members. The teacher specified the time allocated to each phase of
the activity by displaying the schedule on the board: 15 minutes for
group work, 15 minutes for individua work, and 5 minutes for
completion of the questionnaire. The exact deadline for submitting
al completed materials was also communicated to the students.

4.2 Implementation of the Instructional Activity

The instructional activity was designed to be engaging,
unconventional, and motivating for students. Particular emphasis
was placed on capturing students’ interest by confronting them with
information related to a geographica area that was familiar and
personally relevant to them. Students worked with two instructional
materials:

(@) Worksheet (Figure 1) — designed to investigate students
problem-solving competences. Within the activity, students assumed
the role of employees of the District Department for Project
Management and Funding. Their task was to decide which of four
municipalities within their loca region should receive financial
support aimed at improving the quality of life of itsresidents.

(b) Supplementary Material to the Worksheet (Figure 2) —
consisting of a district map displaying the settlement structure
(location and size of municipalities) and transport network, together
with statements provided by residents of the four municipalities.
These statements represented a combination of personal views and

experiences regarding quality of life in the respective communities.
Based on this information, students were required to determine
which municipality should receive funding intended to improve
local living conditions. Without these contextual data, the task could
not have been completed.

The instructional activity combined both individua and
collaborative learning. Group work was incorporated primarily due
to the limited time available within a single lesson. A further reason
was that collaborative work enabled the observation of additional
student competences, including civic, social and personal, and
communication competences. During the group-work phase,
students discussed loca issues and jointly proposed potentia
solutions to the problems identified in the selected municipalities.
This was followed by an individual work phase, during which each
student recorded their own proposal and provided a justification for
alocating funding to one of the municipalitiesin the worksheet.

4.3 Student Questionnaire

Upon completion of the instructional activity, students were asked to
complete the Sudent Questionnaire on Problem-Solving
Competences, which was printed on the reverse side of the
worksheet. The questionnaire was based on students self-
assessment and consisted of four thematic sections.

The first section focused on students' subjective evauation of their
success or difficulties in completing the activity. The second
examined students' perceptions of the materials and information
provided to support task completion. The third section explored the
extent to which students drew upon knowledge acquired in other
school subjects when solving the tasks, thereby addressing the cross-
curricular dimension of the activity. Finally, the fourth section
focused on students' evauation of the collaborative work process
and their experiences of working in groups.

The questionnaire was designed to provide insight into students
perceptions of their own learning processes, their use of transferable
competences, and the contribution of interdisciplinary knowledge
and collaborative learning to problem-solving in a geographicaly
grounded educational context.

4.4 Teacher Evaluation of the Instructional Activity

Students’ problem-solving competence was assessed primarily
through the analysis of the worksheet, which served as the main
evaluation instrument. Assessment was conducted across three
dimensions. The first concerned students ability to identify,
understand, and adequately describe the most significant issues
affecting quality of life in the municipality. The second focused on
the quality of the proposed solution, with particular attention paid to
its realism, logical coherence, and practica feasibility. The third
dimension examined students' ability to justify their proposed
solutions through reasoned argumentation and to reflect on their
potential consequences.

Although the study focused primarily on problem-solving
competence, no competence can be developed or assessed in
isolation. Consequently, several additional competences were
observed throughout the activity. During discussions and
collaborative work, particular attention was paid to communication
competences. Group work also provided opportunities to observe
students' interactions, willingness to cooperate, and ability to work
effectively with others, thereby alowing aspects of socia
competence to be evaluated. During the individual work phase and
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completion of the worksheet, work-related competences, such as
time management, creativity, and independent task completion, were
also assessed.

Communication competence was evaluated on the basis of the
logical coherence and meaningfulness of students' written responses
in the worksheet, as well as their overal ability to communicate
during group work, as observed by the teachers. Civic competence
was assessed through students ability to formulate and defend
arguments both within group discussions and in their written
responses. Students' responses to the questionnaire also provided
evidence of social and personal competences, particularly their
capacity for self-reflection and reflection on the performance of
their group. Work-related competence was evaluated according to
students' ability to manage the allocated time effectively, organise
their work, and estimate the time required to complete the assigned
tasks.

Through their responses to the teacher questionnaire, teachers
evaluated not only students competences but also the overall
implementation of the activity. Similar to the student questionnaire,
teachers were invited to provide their personal views regarding
students' success in completing the task, the adequacy of the time
allocated, and the extent to which the amount and complexity of the
information provided were appropriate for students to process and
interpret.

5. DISCUSSION OF THE FINDINGS ON
TRANSFERABLE COMPETENCES

The findings confirmed that the mgjority of students demonstrated
an age-appropriate level of development of the transferable
competences under investigation. This was evidenced by the
analysis of the case study activity. During the introductory
brainstorming session, students were generally able to explain the
concept of a subsidy. In contrast, the concept of quality of life
proved more chalenging a the outset. Following classroom
discussion, students began to associate quality of life with factors
such as income, material well-being, health, environmental quality,
traffic emissions, and green spaces. Students associated quality of
life with concepts such as lifestyle, living standards, and financial
well-being, as well as with environmental factors including traffic
congestion and air pollution.

All students in the sample understood the task requirements and
were able to work effectively with both the worksheet and the
accompanying materials. They successfully identified local
problems, and most were able to propose solutions and justify their
decisions adequately. Student motivation may have been enhanced
by the prospect of receiving the highest grade for the most
successful solution, symbolically rewarded by the fictional position
within the District Department for Project Management and
Funding. For some participants, motivation also stemmed from
personal familiarity with the selected municipalities, several
students either knew the localities well or originated from them. Six
students from the Czech sample (more than one-fifth of participants)
and eight students from the Slovek sample (15%) produced
particularly creative solutions that exceeded the quality of most
other submissions. Their proposals were logical, redistic, well-
structured, and innovative. For example, one student suggested
using the funding in the municipality of Sipkové to purchase a
community minibus that would transport elderly residents to shops
and hedthcare facilities in the district town on designated days
while also serving neighbouring municipalities along the route.
Approximately one quarter of students completed the activity at an
insufficient level (18% of students in the Czech sample and 30% in

the Slovak sample). Although these students were generally able to
identify existing problems—for example, the absence of healthcare
services, retail facilities, or public transport connections—they often
failed to propose meaningful and feasible solutions or were unable
to justify their proposals adequately. Their responses were typically
limited to general statements such as “build shops’, “establish a
doctor’s office”, or “create a bus stop”.

Within the Slovak sample, students performance was also
examined in relation to their most recent geography grades. On
average, students with higher grades achieved better results in the
activity. However, both across the entire sample and within
individual schools, excellent achievement in geography (grades 1
and 2) did not automatically trandate into the highest levels of
success in the activity. This pattern was particularly evident among
students with the highest grade in geography, who represented
approximately one quarter of all participants. While most of the
highest-quality solutions were produced by students with grade 1 in
geography, only 15% of all students achieved the “very good” level
of performance. The analysis further revealed gender differencesin
achievement, with girls outperforming boys by approximately 24%.
Girls demonstrated higher levels of success than boys even when
comparisons were made among students with equivalent geography
grades. One possible explanation for this difference does not appear
to be a lower level of competence among boys but rather lower
engagement with the activity. Severa boys explicitly stated that the
most difficult aspects of the task were “thinking” about the problem
and “doing the work” itself.

5.1 Students Performancein theInstructional Activity

The overal success rate of Czech students in completing the
instructional task was 82%. Of these, 21% achieved the highest
evaluation category, Very Good, while 61% were assessed as
Average. Conversely, 18% of students failed to complete the task
successfully and received the evaluation Insufficient. In Slovakia,
the task was successfully completed by 70% of students,
representing a success rate 12 percentage points lower than that
observed among Czech students. Slovak students achieved lower
results than their Czech counterparts in both of the highest
evaluation categories, with differences of 6 percentage points in
each case. Specificaly, 15% of Slovak students attained the Very
Good evauation, while 55% were assessed as Average. The
proportion of students receiving the evaluation Insufficient reached
30% of the Slovak sample.

Although Czech students achieved a higher overall success rate,
both groups demonstrated a comparable level of competence
application during the activity. In certain aspects, Slovak students
outperformed their Czech peers, particularly in their ability to
navigate and interpret the information and supporting materials
provided. Furthermore, Slovak students demonstrated a higher
degree of task alocation and role distribution within their groups
during collaborative work. However, these strengths were not
reflected in higher overdl levels of task performance or final
achievement.

5.2 Assessment of Problem-Solving Competence

Students’ success in completing the instructional task formed an
integral part of the assessment of problem-solving competence.
According to students responses, 29% of Czech participants
experienced difficulties in navigating the information and
supporting materials provided. In contrast, only 7.4% of Slovak
students reported similar difficulties. Furthermore, 71% of Czech
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students indicated that the information contained in the
supplementary materials was sufficient for successful task
completion and that no additional information was required. Among
Slovak students, satisfaction with the amount of information
provided was even higher, reaching 80%.

In the Czech sample, six students indicated that they would have
benefited from additional information. Three of them expressed a
need for more detailed information regarding public transport
connections, while the remaining three would have welcomed a
larger number of responses from local residents. As potential
sources of such information, two students identified the internet,
whereas four students stated that they would have obtained the
information through interviews with local inhabitants.

Within the Slovak sample, eleven students reported a need for
additiona information. Similar to the Czech respondents, three
students suggested that a larger number of residents statements
would have been helpful, while two students indicated that
information regarding the amount of available funding was missing.
The remaining six students did not specify what additional
information they would have required. When asked how they would
obtain the missing information, most respondents referred to internet
sources (five students), while six students stated that they would
visit the municipality in person and seek information directly from
local residents through interviews.

These findings suggest that the majority of students were able to
work effectively with the information provided and demonstrated an
ability to identify additional sources of information when required.
At the same time, the responses indicate an awareness of the
importance of both digital resources and direct engagement with
loca communities when addressing real-world problems in a
geographical context.

5.3. Assessment of Communication Competence

Students demonstrated age-appropriate communication skills during
group discussions and collaborative work. A similar level of verbal
communication was observed among Slovak students. However, the
assessment of written communication reveadled some differences
between the two samples.

In the Czech sample, 18% of students were unable to adequately
justify their opinions and decisions. The corresponding proportion in
the Slovak sample was 30%. Conversely, 21% of Czech students
demonstrated a very high level of communication competence by
effectively defending their viewpoints and supporting them with
creative arguments. Among Slovak students, this level of
performance was achieved by 15% of participants. The remaining
responses were assessed as average, accounting for 61% of the
Czech sample and 55% of the Slovak sample.

5.4 Assessment of Civic Competence

A comparison of the Czech and Slovak findings indicates a broadly
similar level of civic competence in both groups. Most students
actively participated in group work and classroom discussions.
When presenting proposals and counterarguments, students
demonstrated the ability not only to listen to and respect the
opinions of others but also to engage collaboratively in the search
for solutions that would serve the common good. These findings
suggest that the activity provided opportunities for the devel opment
and application of civic competences associated with participation,
cooperation, and responsible decision-making.

5.5 Assessment of Social and Personal Competences

Students’ responses to the questionnaire, including several critical
and self-critical comments, indicated a capacity for both reflection
and self-reflection. Their evauations of the outcomes and processes
of group work demonstrated an ability to assess not only their own
contributions but also the performance of their peers. The findings
therefore suggest that students were capable of criticaly reflecting
on their learning experiences, recognising strengths and weaknesses
in collaborative work, and expressing informed opinions regarding
both individual and group performance.

5.6 Assessment of Work-Related Competences

The evaluation of both studies confirmed that al participating
students were able to manage the time allocated to the activity
effectively and organise their work in a manner that allowed them to
complete and submit the assigned tasks within the prescribed time
limit. Teacher observations indicated, however, that the overall level
of collaboration among students was relatively limited. During the
group-work phase, students initiadly tended to examine the provided
materials individually. Meaningful discussion generaly emerged
only during the latter half of the allocated time. Only a minority of
groups divided the tasks among members as part of ther
collaborative work, and in some groups, little or no cooperation was
observed.

According to students' responses, only 18% of Czech participants
distributed tasks among group members and worked on designated
parts of the assignment. Consequently, many groups did not fully
utilise the potential benefits of collaboration, including more
efficient use of time and opportunities for deeper discussion. Among
Slovak students, 28% reported dividing tasks within their groups,
representing a proportion 10 percentage points higher than that
observed in the Czech sample. These findings suggest that Slovak
students demonstrated a higher degree of cooperation, work
organisation, and planning. However, this advantage was not
reflected in higher overall performance outcomes (see Section 5.1).

5.7 Evaluation of Group Work by Teachersand Students

Students' evaluations of group work were remarkably similar in
both countries. A mgjority of respondents considered collaborative
work beneficial and believed that it contributed to successful task
completion, including 71% of Czech students and 69% of Slovak
students. Negative evaluations were likewise comparable, with 25%
of Czech students and 24% of Slovak students reporting that group
work did not assist them in solving the tasks. The remaining
respondents were unable to express a clear opinion on the
contribution of collaborative work to their performance.

These findings suggest that students generally perceived
collaborative learning as a valuable component of the activity,
despite the relatively limited level of cooperation observed by
teachers during the implementation process. Students’ responses in
both studies revealed a tendency to evaluate their own contribution
to group work positively. In the Czech sample, 89% of students
believed that they had contributed a valuable solution to the task,
while 75% reported that other members of their group had aso
proposed useful ideas. Similarly, 83% of Slovak students considered
their own contribution to be beneficia, and 78% were convinced
that the most effective solution had originated from within their

group.
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Particularly noteworthy were students responses concerning
participation in group discussions. A total of 14% of Czech students
and 18% of Slovak students acknowledged that they had not actively
participated in discussions or reported that no substantive discussion
had taken place within their group. These findings suggest that
athough students generaly perceived their own contributions
positively, the quality and intensity of collaborative interaction
varied considerably across groups.

5.8 Students and Teachers Evaluation of the Cross-
Curricular Nature of the Instructional Activity

Anaysis of the responses reveded substantial, yet expected,
differences between students' and teachers’ perceptions of the cross-
curricular character of the instructional activity. Students themselves
were often unaware of the extent to which the activity required the
integration of knowledge from different subject areas. This was
evident in approximately half of the Czech and Slovak student
sample. Conversdly, nearly one-fifth of students reported that they
had consciously drawn upon knowledge and skills acquired in other
school subjects when completing the task. Most of these students
identified links with civic education, from which they had acquired
an understanding of concepts such as subsidies (four students) and
developed empathy-related skills (three students). One student
referred to the application of basic financia literacy acquired in
civic education lessons. Other students mentioned mathematics,
particularly in relation to measuring distances on maps, and
language education, specifically reading literacy skills developed in
Slovak language classes. Approximately one-third of Slovak
students and one-quarter of Czech students recognised connections
between the activity and other subjects. However, despite
acknowledging these links, they stated that they had not consciously
applied any specific knowledge or skills from other disciplines
while solving the tasks.

Teachers, in contrast, perceived the activity as having a considerably
broader interdisciplinary dimension. More than half of the teachers
in both the Czech and Slovak samples believed that students were
required to draw upon knowledge and competences acquired in
other subjects, particularly civic education and cross-curricular
themes. They highlighted concepts such as subsidies, investment,
and budgeting, as well as skills related to information analysis,
logical reasoning, and argumentation. Teachers also emphasised the
application of economic, financial, and civic literacy, which they
considered integral to successful completion of the activity.

These findings suggest a discrepancy between students and
teachers' perceptions of interdisciplinary learning. While students
tended to focus on the immediate task requirements, teachers were
more likely to recognise the broader range of knowledge, skills, and
competences embedded within the activity.

6. CONCLUSION

Contemporary geography education has moved beyond the
traditional transmissive model based primarily on the memorisation
of factual knowledge. Current curriculum frameworks in both the
Czech Republic and Slovakia (RVP ZV; SVP) emphasise a
competence-based approach, critical thinking, problem-solving
abilities, and the meaningful integration of knowledge across subject
areas. Within this framework, geography plays an important role in
fostering students’ spatial literacy and global competence. Topics
with strong interdisciplinary potential, such as quality of life,
provide opportunities to integrate natural, social, and environmental
dimensions of learning.

As the immediate environment of students' everyday lives, the local
landscape plays a crucia role not only in their cognitive and
emotional development (Kihnlova, 1985; Madzikova, 2002;
Toméikova & Cief, 2024), but also in the formation of personal
characteristics, value orientations, and regiona awareness.
Geography education has traditionally created opportunities for
students to explore their immediate surroundings, however,
contemporary educational approaches increasingly promote a deeper
understanding of sense of place, landscape perception, and students’
attachment to their region. Influenced by the socio-cultural turn of
the late twentieth century, behavioural and humanistic geography
introduced concepts such as place identity, regiona identity, and
place attachment into geographica thinking. These concepts
emphasise the emotional bonds between people and places while
simultaneously offering new opportunities for educational practice
(Chromy & Jant, 2003; Matlovi¢, 2010; Tuan, 2012).

The pilot study conducted in the Ptibram district of the Czech
Republic demonstrated the potential of this topic for the
development of students competences. At the same time, it
provided a basis for comparison with research subsequently carried
out in Slovak lower secondary schools in the Piestany district. The
empirical investigation of students regional awareness and
perceptions of the local landscape presented in this paper, together
with the case-study-based instructional activities and their outcomes,
may contribute to ongoing discussions concerning the more
effective integration of geographical concepts into educational
practice. Such an approach has the potentia to foster students
personal, civic, geographical, and environmental literacy while
promoting an understanding of sustainable |andscape devel opment.

Furthermore, the study offers insight into the extent to which
students identify with their region, how they interpret quality of life
within their local environment, and which mental constructs and
value preferences shape their spatia perceptions. These aspects are
important not only for learning processes but also for understanding
the broader social and cultura relationships, as well as forms of
civic engagement, that influence the development of children's
regional identity and regional awareness.
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Abstract The monograph U.S. Emergency Management in the 21st
Century: From Disaster to Catastrophe, published in 2025,
examines the current structure, functioning, and limitations of the
U.S. emergency management system at a time of escalating
emergencies and crises. The authors combine empirica case studies
(e.g., Hurricane Katrina, major tornadoes, and extensive wildfiresin
California) with an analysis of crisis management responses to these
emergencies and disasters. In doing so, they evaluate the
development of crisis policy in the United States, the role of FEMA
(Federal Emergency Management Agency), the Nationa Incident
Management System (NIMS), and mechanisms of multi-level
governance. From a legidlative, legal, and institutional perspective,
the monograph highlights the fragmentation of authority and the
challenges associated with achieving effective integration in the
absence of a unified legal framework. As such, the publication
provides a valuable comparative basis for the study of integrated
emergency response systems in other countries, including the Czech
Republic. Although the monograph is positively evaluated for its
clear writing style and empirical depth, it has also been criticized for
its limited theoretical innovation and its more descriptive than
explanatory analytical approach.

K ey words Emergency management, integrated rescue system, U.S.
emergency system, soft integration, formal integration, multi-level
governance, Federal emergency management (FEMA), National
Incident Management System (NIMS), comparative analysis, risk
governance, disaster resilience, institutional fragmentation

1. CONCEPTUAL FRAMEWORK AND
THEORETICAL FOCUS

The authors adopt the “hazard-risk-vulnerability” paradigm as the
primary interpretative framework for understanding the emergency
management system in the United States. Contemporary disasters
are therefore understood not merely as natural phenomena, but as
sociotechnical processes shaped by demographic development, land-
use patterns, infrastructure, and public administration structures.

This perspective aligns the monograph with broader developments
in disaster management theory, which has gradually shifted from a
reactive and event-driven moddl toward a systemic understanding
emphasizing resilience, preparedness, mitigation, and adaptive
capacity.

The monograph relies primarily on an applied conceptua
framework rather than on the development of an original theoretical
model. The authors draw upon established concepts such as risk
governance, institutional resilience, and multi-level governance. As
a result, the book remains accessible to practitioners and
policymakers, however, this accessibility somewhat limits its
theoretical contribution.

Readers with legal or political science backgrounds will appreciate
the publication’s normative insights, athough the text contains
relatively few clearly defined analytical categories regarding
ingtitutional, legal, or organizational barriers in emergency
management.

2. METHODOLOGY AND EMPIRICAL CERTAINTY

The methodological approach of the monograph can best be
described as a case-study-oriented policy analysis.

The book examines numerous major disasters, including tornadoes
(Joplin, Tuscaloosa-Birmingham, Moore), hurricanes (Sandy,
Harvey, Irma, Maria), and Californiawildfires. These cases form the
empirical basis for evaluating both the successes and failures of the
U.S. emergency management system.

The use of case studies enables the authors to provide contextually
rich insights into interactions among local, state, and federal
ingtitutions, including FEMA, NIMS, and the Incident Command
System (ICS). Nevertheless, the monograph also demonstrates
several methodological limitations.

Case selection appears influenced primarily by media visibility and
political significance rather than by a systematicaly defined
sampling strategy. Consequently, the analysis risks overemphasizing
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highly publicized disasters while underrepresenting smaller yet
structurally important emergencies.

Moreover, the integration of qualitative and quantitative data
remains largely descriptive and is not sufficiently incorporated into
a coherent analytical framework. The publication also fails to
employ comparative case-study logic capable of isolating causal
mechanisms behind successful or unsuccessful emergency
responses.

From a critical academic perspective, the empirical strength of the
publication lies primarily in the richness of its narrative and the
policy-relevant lessons it offers, rather than in its contribution to
rigorous causal explanation.

3. LEGAL AND GOVERNANCE ARCHITECTURE OF
CRISISMANAGEMENT

From the perspective of public law, the publication provides a
valuable, albeit somewhat implicit, critique of the American legal
framework for emergency management.

The authors repeatedly emphasize the fragmentation of authority
among federal, state, and local actors, as well as the tensions
between lega competence, ingtitutional practice, and politica
responsibility.

Particularly significant is the analysis of FEMA’s evolving role,
which demonstrates how policy changes during the Trump
administration contributed to the ingtitutional weakening of the
federa emergency management system’'s capabilities, including
reductions in staffing capacity and strategic preparedness.

The publication implicitly addresses key public law concepts such
as subsidiarity, federalism, and accountability; however, these
concepts are not systematically theorized. A more legally focused
analysis might have explored questions concerning the
enforceability of federal obligations, judicial review of discretionary
emergency decisions, or compensation mechanisms following
catastrophic events.

Consequently, the monograph functions more as a sociological and
policy-oriented analysis than as a fully developed legal-institutional
study, despite providing substantial material for further legal
interpretation.

4. ESTABLISHMENT OF AN INTEGRATED RESCUE
SYSTEM

Throughout the monograph, the authors repeatedly emphasize the
importance of interagency coordination, information sharing, and
unified command structures based on NIMS and ICS. At the same
time, however, they point to the persistent operational limitations of
these systems during real-time emergency response operations.

The publication documents recurring problems related to
interagency communication, overlapping jurisdictions, and differing
levels of preparedness and training among participating agencies.

Conceptualy, the book implicitly aligns with the understanding of
an integrated emergency response system as a network of formally
distinct yet functionally interdependent actors. Nevertheless, it does
not define this concept with the same degree of terminological
precision characteristic of Czech legidation governing the
Integrated Rescue System.

The American emergency management framework can therefore be
described as functionally integrated but formally fragmented. From
the perspective of comparative legal analysis, the publication thus
provides valuable indirect evidence regarding the extent to which
integration may be achieved through governance mechanisms,
operational coordination, and institutional practice rather than
through aunified legal structure.

5. STRENGTHSAND WEAKNESSES OF THE
PUBLICATION

For researchers and experts engaged in the comparative study of
emergency management and integrated rescue systems, the principal
strengths of the monograph lie in its empirica depth and policy-
oriented analytical approach.

The publication provides a detailed and up-to-date account of the
functioning of a highly decentralized emergency management
system operating under conditions of increasing environmental and
societal risk. The inclusion of recent disasters — particularly
Hurricane Mariain Puerto Rico and the Cdlifornia wildfires — adds
significant contemporary relevance to the analysis and illustrates the
adaptation pressures confronting modern emergency management
systems.

The concluding chapters of the monograph are explicitly devoted to
identifying the shortcomings of the current system and outlining
possible directions for future reform.

The authors identify three major interconnected challenges facing
the United States:

1. theincreasing scale and frequency of catastrophic events;
2. the institutional weakening of the federa emergency
management system'’s capabilities; and
3. growing inequalities in societal vulnerability and post-disaster
recovery outcomes.

In response to these challenges, the authors advocate for a more
adaptive, resilient, and equitable emergency management system.
They emphasize the necessity of long-term investments in
mitigation strategies, community preparedness, and integrated
recovery planning.

From a critical scholarly perspective, several aspects of this policy
agenda deserve closer examination.

First, the authors criticism of federa austerity measures
occasionally appears politically prescriptive rather than analytically
neutral. While this rhetorical approach strengthens the publication’s
persuasive impact, it simultaneously weakens the methodological
objectivity expected from an academic monograph.

Second, the proposed reforms remain predominantly programmatic
and insufficiently institutionalized. The authors repeatedly call for
improved coordination, enhanced planning mechanisms, and
stronger community engagement; however, they do not adequately
elaborate on the legislative, administrative, or budgetary instruments
necessary to implement these objectives effectively.

At the same time, the limitations of the publication are equally
significant. The relatively limited degree of theoretical innovation,
uneven methodological rigor, and insufficient engagement with
legal-institutional analysis reduce the monograph’s value as a
standal one source for advanced comparative legal research.

27



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

EUROPEAN GRANT PROJECTS | RESULTS | RESEARCH & DEVELOPMENT | SCIENCE

The publication is therefore best understood as a supplementary
analytical resource illustrating the operationa reality of a highly
fragmented yet operationaly interconnected  emergency
management system, rather than as a comprehensive doctrinal or
theoretical work.

For scholars focusing on the Czech Integrated Rescue System, the
monograph primarily serves as a comparative reference point
illustrating the contrast between a legdly integrated but
operationally complex system and a system that is operationally
integrated but legally fragmented.

For readers familiar with public law theory, the book ultimately
functions more as a diagnostic manifesto concerning the present
condition of American emergency management than as a detailed
institutional blueprint for reform.

6. OVERALL EVALUATION AND SCIENTIFIC
CONTRIBUTION OF THE MONOGRAPH

Overall, U.S. Emergency Management in the 21st Century: From
Disaster to Catastrophe represents a timely and intellectualy
relevant - albeit ultimately introductory, contribution to the
academic and professiona literature on emergency management.

Its principal value liesin synthesizing a broad spectrum of empirical
evidence into a coherent account of the systemic vulnerabilities and
ingtitutional  pathologies characterizing the U.S. emergency
management system.

The publication successfully demonstrates the urgency of structural
reform while simultaneously making the highly speciaized field of
emergency management more accessible to a broader audience,
including students, practitioners, and policymakers.

From a critical academic perspective, however, the monograph does
not provide a fully theorized, methodologically rigorous, or legaly
explicit analysis of the fundamental structures of emergency
management governance.

For legal scholars interested in the comparative architecture of
integrated emergency response systems, the publication should
therefore be regarded primarily as a valuable empirical supplement
suitable for secondary anaysis - particularly in comparison with
other national systems, including the Czech Integrated Rescue
System, rather than as an independent theoretical foundation.

Despite these limitations, the monograph remains a useful and
intellectually stimulating contribution to contemporary discussions
concerning crisis governance, ingtitutional resilience, and the future
evolution of emergency management systems in democratic states.

Source:

1. CUTTER, Susan L.; GALL, Melanie a RUBIN, Claire B. U.S.
emergency management in the 21st century: from disaster to
catastrophe. 2nd edition. New York, NY: Routledge, 2025.
ISBN 978-1032970509.
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Abstract The EFFUSE-win project develops a cross-border model
of field-based environmental education in the Slovak-Ukrainian
border region. It connects universities, schools, experts and loca
communities through inquiry-based outdoor learning, laboratory
activities, biodiversity documentation and digital educational tools.
Pupils and students encounter scientific work directly: they observe
organisms, use field and laboratory equipment, record data and
interpret  findings from their own region. Teachers gain
methodological support and materials that can be transferred into
school practice. Since April 2025, the project has involved more
than 720 students from 12 schools through school events, field trips,
a three-day educational programme and expert activities. Its
preliminary outputs include a developing database of 183
documented organisms and a network of young scientists
laboratories  supporting environmental awareness, scientific
competencies and cross-border cooperation.

Keywords Environmental education, field-based learning, cross-
border cooperation

1. INTRODUCTION

Environmental education is an important part of education for
sustainable development, as it helps learners understand the
relationship between human activities, natural processes and the
condition of the environment. Cross-curricular topics such as
environmental education require students to develop critica and
creative thinking, including the ability to analyze problems and
propose their own solutions (Sandanusova and Schlarmannovd,
2020). This ability should be systematically cultivated if students are
to engage in environmental protection later in life. Current
challenges such as biodiversity loss, pollution, climate change,
ecosystem degradation and the spread of invasive species require
not only scientific and technical solutions, but also an informed
society capable of responsible decision-making. Environmental
education should therefore develop not only knowledge, but aso
attitudes, practica skills and responsibility toward nature.

This is particularly important for children and young people, whose
direct contact with nature may be limited in a highly digita and
technology-oriented society. If nature is experienced mainly through
textbooks, screens or abstract examples, environmental problems
can appear distant and unrelated to everyday life. Educational
activities that bring pupils into direct contact with living organisms,
habitats and local environmental issues can make nature protection
more concrete, understandable and personally relevant.

Inquiry-based and field-based learning offer valuable opportunities
in this context. Through observation, data collection, work with field
and laboratory equipment, interpretation of findings and formulation
of conclusions, pupils and students encounter science as an active
process. At the same time, such activities develop broader
competencies, including  critical  thinking,  cooperation,
communication, problem-solving and the ability to present one's
own observations. These skills are especidly relevant in
environmental education, where complex problems require both
knowledge and collaboration.

Cross-border regions provide a meaningful setting for this type of
education. Rivers, watersheds, pollution, species distribution and
ecosystem changes do not follow national borders, which creates
shared environmental challenges and a need for cooperation. In the
Slovak-Ukrainian border region, the Latoricaand Bodrog river basin
represents such a connected ecological space, where biodiversity,
water quality, invasive species and human activities are relevant
from scientific, educational and social perspectives.

Universities can play an important role in connecting scientific
expertise with school education and public awareness. They provide
access to current knowledge, laboratory infrastructure, scientific
methods and methodological support for teachers. At the same time,
they educate future teachers and scientists, which alows them to
transform scientific knowledge into educationa activities that are
both accurate and applicable in school practice.

The EFFUSE-win project, Environment For the Future by Scientific
Education —work in nature, responds to these needs by developing a
cross-border model of field-based environmental education in the
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Slovak-Ukrainian border region. The project connects universities,
schoals, experts and local communities through outdoor learning,
laboratory activities, biodiversity documentation, digital educational
tools and awareness-raising events.

The aim of this paper is to present the EFFUSE-win project as a
case study of field-based environmental education in a cross-border
region. The paper focuses on the project’s educational concept,
implementation process and preliminary outputs, with attention to
inquiry-based  learning, living laboratories,  biodiversity
documentation, teacher support and Slovak-Ukrainian cooperation.
Since the project is still ongoing and formal evaluation of learning
outcomes has not yet been conducted, the paper does not measure
educational impact statistically, but analyses the project design,
early implementation experience and educational potential of the
model.

2. PROJECT CONTEXT AND CASE DESCRIPTION

The EFFUSE-win project is implemented as a cross-border
educational and environmental initiative focused on biodiversity,
environmental awareness and knowledge sharing in the Slovak-
Ukrainian border region. The project belongs to the priority area of a
resilient and green border region and addresses biodiversity
protection and pollution reduction through joint education activities,
awareness raising and cooperation between scientific, educational
and regional institutions.

The project partnership is formed by Pavol Jozef Saférik University
in KoSice as the Lead Partner, State University “Uzhhorod National
University” and the Institute of Development of Carpathian Region.
The partnership builds on previous cross-border cooperation,
especidly the earlier EFFUSE project, which focused on
environmental protection through the study of bioindicators and
their habitats in the border regions of Slovakia and Ukraine.
EFFUSE-win extends this cooperation by placing stronger emphasis
on educational activities, public awareness, field-based learning and
the development of tools that can be used by schools and teachers.

2.1 Regional and environmental context

The regional context of the project is defined mainly by the shared
natural environment of the Latorica and Bodrog river basin. River
landscapes represent connected ecological systemsin which changes
in water quality, land use, biodiversity or the spread of invasive
species can affect wider territories beyond national borders. For this
reason, the project approaches the Slovak-Ukrainian border region
not only as an administrative space, but also as acommon ecologica
and educational area. This creates a meaningful basis for
cooperation between institutions from both countries and for the
development of shared educational content.

The project responds to severa interconnected needs. From the
environmental perspective, the region faces pressures related to
pollution, biodiversity loss, invasive species, climate-related
changes and human impact on river and landscape systems. From
the educational perspective, pupils and students need more
opportunities to experience nature directly, understand
environmental problems in their local context and encounter
scientific work in a practical and accessible way. Teachers aso need
methodological support, educational materials and examples that
can help them connect school biology and environmental education
with regional biodiversity.

2.2 Target groups and educational needs

The main target groups of the project are pupils, teachers, university
students, future teachers, future scientists, experts and the wider
public. Pupils and students participate in school events, field trips,
laboratory activities and awareness-raising events. Teachers are
involved as important mediators who can transfer selected methods,
materials and experiences into school practice. University students
and young researchers benefit from the connection between
scientific work, educational practice and communication with non-
specialist audiences. The wider public is addressed through project
outputs, digital resources and activities aimed a increasing
environmental awareness.

3. EDUCATIONAL MODEL OF THE EFFUSE-WIN
PROJECT

The educational model of the EFFUSE-win project is built around
the connection of four components: direct work in nature,
laboratory-based activities, digital biodiversity resources and teacher
support. These components are not implemented separately, but as
linked parts of one educational process. Pupils first encounter
environmental topics through observation and practical activity, then
continue by working with collected or demonstrated material,
interpreting findings and connecting them with broader questions of
biodiversity, pollution and nature protection.

The model is designed to move learners from experience to
understanding. Instead of presenting environmental problems only
through explanation, the project creates situations in which pupils
can observe organisms, habitats or selected environmental
phenomena directly. This is followed by guided discussion, smple
scientific description and interpretation. In this way, project
activities connect sensory experience, scientific procedure and
environmental meaning.

3.1 Direct contact with scientific work

A central element of the model is the opportunity for pupils and
students to experience selected aspects of scientific work. During
project activities, participants work with microscopes, field
equipment, laboratory tools and biological material. They observe
organisms, compare visible structures, record information and
describe what they see. These activities help transform science from
an abstract school subject into a practical activity based on
observation, evidence and interpretation.

The educational value of this approach lies in its accessibility.
Pupils are not expected to perform advanced research tasks, but they
are introduced to the basic logic of scientific work. They learn that
scientific knowledge begins with careful observation, precise
description and questions about relationships in nature. This
experience can support their understanding of biology and
environmental topics, while also helping them recognize science as
apossible part of their future studies or professional interests.

3.2 Development of scientific and transferable skills

EFFUSE-win activities support the development of scientific
competencies such as observation, comparison, classification, work
with data, use of instruments and formulation of simple conclusions.
These skills are developed through concrete tasks rather than
through theoretical instruction alone. For example, when pupils
observe selected organisms or environmental samples, they must
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focus attention, distinguish relevant features and communicate their
findings.

The ability to identify organisms is considered one of the basic
prerequisites for understanding biological diversity and ecological
relationships (Randler, 2008). Since understanding the importance
of biodiversity is one of the key goas of biology education,
activities focused on observation and identification can help pupils
connect practical work with broader ecological knowledge.

At the same time, many activities are organized in a way that
supports transferable skills. Pupils often work in groups, divide
tasks, discuss observations and present results. This strengthens
communication, cooperation, responsibility within a team and the
ability to explain one's own reasoning. These skills are important in
environmental education because environmental problems are rarely
solved individually; they require shared understanding, discussion
and cooperation.

Topics related to biodiversity and organisma diversity are often
difficult for students to understand because of their complexity.
They include not only the taxonomic classification of organisms, but
also ecological relationships and adaptations to the environment. For
this reason, effective and innovative approaches are needed to make
these topics more accessible to students (Gafur et al., 2024).

3.3 Roleof teachersand transfer into school practice

Teachers are important participants in the project model, not only
accompanying persons. Their presence alows project activities to
become part of awider educational process that can continue after a
single event. During school events, field trips and laboratory
activities, teachers can observe methods, tasks and forms of
explanation that may be adapted for their own teaching.

The project aso supports teachers through educational materials,
video tutorials and examples connected with regional biodiversity.
These resources are intended to make field-based and practical
environmental education easier to implement in school conditions.
They can help teachers introduce local organisms, field observation
or simple scientific procedures into lessons, even when schools have
limited equipment or time for outdoor activities.

3.4 Livinglaboratoriesfor young learners

The planned network of young scientists' laboratories strengthens
the practical dimension of the project. The biology living lab,
environmental solution lab and science lab are designed as spaces
where pupils and students can encounter scientific work in a more
direct and structured way than is usually possible in regular
classrooms. The laboratories provide access to equipment, expert
guidance and activities that connect school knowledge with practical
investigation.

Their function is not only technical, but al'so motivational. For many
pupils, such laboratories may represent one of the first opportunities
to work in an environment associated with real science. This can
help reduce the distance between school biology and scientific
practice. By involving students in activities where they can apply
theoretical knowledge to real-world situations, laboratories can
support the development of critical thinking and foster a sense of
discovery and inquiry (Asad and Kramer, 2024). They also create
conditions for repeated activities, teacher cooperation and the future
development of educational programmes focused on biodiversity,
environmental quality and nature protection.

3.5 Digital database as a bridge between fieldwork and
education

Technologica advancements and lifestyle changes increasingly
influence educational practice, including the ways in which students
encounter biological and environmental topics. An effective
approach can combine experiential outdoor learning with instruction
in specialized biology classrooms, while also using engaging
elements such as computer technology (Sudzinova, 2021). In this
context, digita tools can extend the value of field and laboratory
activities by making collected information accessible for further
teaching and learning.

The organism database developed within the project connects
biodiversity documentation with educational use. Its purpose is not
only to collect records of organisms from the studied cross-border
region, but also to make regional biodiversity accessible to pupils,
students and teachers. The database can serve as a source of
examples for lessons, field activities and project-based school work.

By working with organisms documented in their own region, pupils
can better understand the diversity of local nature. For teachers, the
database provides practical support in preparing educationa content
that is regionally relevant and connected with real environmental
surroundings. It extends the educational impact of field and
laboratory activities beyond individual events. The use of digital
technologies can improve and develop students skills, increase
motivation and engagement, and help them connect what they learn
with the real world (Barto$ovi¢ and TaméSkova, 2023). In this way,
the database extends the educational impact of field and laboratory
activities beyond individual events.

3.6 Linking environmental education with
responsibility

regional

The educational model of EFFUSE-win combines scientific
experience with the idea of regiona responsibility. Pupils are
encouraged to see nature not as a distant object of study, but as part
of the environment in which they live. By connecting observation,
practical work, local biodiversity and cross-border cooperation, the
project helps create conditions for a more informed and responsible
relationship with nature.

This model does not depend on one isolated activity. Its strength lies
in the combination of repeated school events, field experiences,
laboratory infrastructure, teacher support and digital outputs. In
science education, hands-on, student-centered instruction is essential
because it enables a better understanding of natural phenomena
through direct experience and supports a deeper grasp of biological
concepts (Sorgo and Spernjak, 2012).

Together, these elements form a practical educational framework
that can support environmental awareness and scientific
competencies while remaining connected to the real environmental
context of the Slovak-Ukrainian border region.

4. IMPLEMENTATION AND PRELIMINARY
OUTPUTS

The EFFUSE-win project started its implementation on 15 April
2025. Since then, severa types of educational, field-based and
expert activities have been carried out in Slovakia and Ukraine.
These activities were designed to connect school education with
practicd experience in nature, scientific observation and
environmental awareness.
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By the current stage of implementation, the project has organized 15
schoal events, including 3 events in Ukraine, 4 field trips, including
2 in Ukraine, 1 three-day outdoor educational event and 7 expert
field trips. The activities differed in their specific content and
setting, but they shared a common aim: to bring environmental
topics closer to pupils and students through direct experience,
practical tasks and contact with scientific methods.

School events focused mainly on introducing pupils to selected
biological and environmental topics in an accessible and practical
form. Fidld trips allowed participants to observe organisms, habitats
and environmental relationships outside the classroom. Expert field
trips supported the documentation of biodiversity and contributed to
the preparation of educational content and database materials. The
three-day educationa programme combined several forms of
learning, including field activities, scientific tasks and experiential
contact with the aguatic environment.

4.1 Participation of schoolsand students

The project has so far involved more than 720 students from 12
schools in Sovakia and Ukraine. This participation indicates the
educational reach of the project and its ability to involve pupils from
different parts of the cross-border region. The activities were
implemented with the participation of teachers, who played an
important role in connecting project events with the school
environment.

The involvement of schools from both countries is important for the
cross-border character of the project. It alows environmental
education to be connected with a shared regiona context and
supports the idea that river landscapes, biodiversity and
environmental problems should be understood beyond national
borders. Although the current outputs do not yet measure changes in
students' knowledge or attitudes, the number and diversity of
implemented activities show that the project has created a functional
platform for further educational work.

4.2 Biodiversity documentation and database devel opment

An important preliminary output of the project is the documentation
of organisms in the studied cross-border region. So far, 183
organisms have been documented. This number includes 13
microorganisms, 30 higher plant species, 116 invertebrate species
and 24 vertebrate species. The collected data provide valuable visual
material that can support organism identification. This is consistent
with studies on the effectiveness of visua identification guides; for
example, Wéldchen et a. (2022) pointed out that recognition based
on visual elements may be more successful than recognition based
on verbal descriptions.

The organism database has both educationa and informational
value. From an educational perspective, it provides teachers and
pupils with regional examples that can be used in lessons, field
activities and project-based learning. From a broader perspective, it
contributes to raising awareness of the biodiversity present in the
Slovak-Ukrainian border region. The database also supports digital
education, as it makes information about local organisms accessible
through the project website and related educational materials.

4.3 Educational materials and digital outputs

In addition to field and school activities, the project develops
educational materials intended to support teachers and students.

These include resources available through the project website and
video tutorials focused on selected methods and organism groups.
Some materials demonstrate how to capture, observe and present
selected invertebrates and other organisms in a way that can be
adapted to school conditions.

These outputs are important because they extend the project beyond
individual events. Teachers can return to the materials after the
activities and use them as support for their own teaching. Digital
resources also help make the project outputs more accessible to
schools that may not be able to participate directly in every field or
laboratory activity. In this way, the project strengthens the
sustainability and transferability of its educational approach.

4.4 Preliminary educational observations

Formal evaluation of learning outcomes has not yet been conducted;
therefore, the project’s educational impact cannot be interpreted
statistically at this stage. However, informal responses from
participating students and teachers suggest that practical work with
organisms, scientific tools and field activities is percelved
positively. Teachers have particularly appreciated the practical
character of the activities and the possibility of using selected
methods, materials and regional examplesin school education.

These observations should be understood as preiminary
implementation experience rather than verified research results.
They nevertheless indicate that the project model has potentia to
support students’ interest in biology, environmental topics and
scientific work. Future stages of the project should include
systematic evaluation, for example through questionnaires,
interviews, observation protocols or analysis of student outputs.

45 Cross-border implementation experience

The implementation of project activities has also confirmed the
importance and complexity of cross-border cooperation. Slovak and
Ukrainian  partners  contribute  complementary  expertise,
methodological approaches and institutional capacities. The joint
development of the organism database, educationa activities and
project outputs supports the creation of a shared educational space
focused on regional biodiversity and environmental awareness.

At the same time, the project has been influenced by practical
congtraints. Direct travel from the Slovak university side to Ukraine
is currently restricted, which limits opportunities for in-person
observation of partner activities in Ukraine. Part of the cooperation
has therefore moved to online communication. In-person meetings
remain possible mainly on the Slovak side, where Ukrainian
partners have aready participated and where further joint meetings
are planned. This experience shows that flexible forms of
cooperation are necessary for maintaining cross-border educational
projects under changing external conditions.

Overall, the preliminary outputs of the EFFUSE-win project
demonstrate progress in three connected areas: educationa outreach,
biodiversity documentation and institutional cooperation. The
implemented activities have created a basis for further development
of field-based environmental education, while the database,
laboratory infrastructure and teaching materials provide tools that
can continue to support schools and teachersin the next stages of the
project.
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5. CONCLUSIONS

The EFFUSE-win project demonstrates how environmental
education can be strengthened when it is connected with direct
experience, scientific practice and regional relevance. Its main value
lies in creating an educational model in which pupils do not
encounter nature only as curriculum content, but as a living
environment that can be observed, studied and understood through
practica activity. Fieldwork, laboratory tasks, biodiversity
documentation and digital resources together create conditions for
more active and meaningful learning.

The project also shows the importance of cooperation between
universities and schools. Universities provide scientific expertise,
equipment, methodological support and access to current
knowledge, while schools bring this knowledge into the educational
reality of pupils and teachers. This connection is especially valuable
in biology and environmental education, where practical experience
is often limited by school infrastructure, time or available resources.

A significant strength of the project is its cross-border dimension.
The Slovak-Ukrainian border region shares environmental systems
and challenges that cannot be understood only from a nationa
perspective. By focusing on regional biodiversity and river
landscapes, the project helps present environmental protection as a
shared responsibility. The developing organism database,
educational materials and planned |aboratory network create outputs
that can remain useful beyond individual events.

At the current stage, the project results should be interpreted as
preliminary implementation outputs, not as evidence of measured
educational impact. The number of involved students, schools and
activities confirms the project’s educational reach, while informal
feedback suggests positive reception among participants and
teachers. However, future work should include systematic
evaluation of learning outcomes, changesin environmental attitudes,
motivation toward science and the practical use of project materials
in schools.

Despite implementation challenges, including limited mobility and
administrative processes, EFFUSE-win provides a transferable
example of environmental education based on cooperation, local
biodiversity and active learning. Its experience suggests that
bringing scientific work closer to pupils can support environmental

awareness, strengthen scientific competencies and help build a more
responsible relationship with nature in cross-border regions.
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2. METODY

Na hodnotenie vel'kosti radiacnej zat'aze sa v tejto praci pouziji dve
zédkladné dozimetrické veli¢iny (obr. 1). Prvou z nich je plosna
davka — dose area product (DAP), resp. vzdusna kerma, udavana
v jednotkach mGy-cm?, ktora sa javi ako jedna z najpraktickejsich a
najlepsie reprodukovatelnych veli¢in. Pri modernych rontgenovych
zariadeniach je hodnota DAP dostupnd okamzite, napriklad na
ovladacom paneli nastenného intraoralneho réntgenového pristroja
alebo na monitore radiologického softvéru pri OPG a CBCT
vySetreniach. Jej vyhodou je moznost priameho monitorovania a
optimalizacie radiacnej zataze priamo na pristroji. Nevyhodou vsak
zostava skutocnost, ze DAP nevyjadruje biologické riziko ani
rozdielnu radiosenzitivitu jednotlivych organov v oziarenej oblasti, a
preto nie je vhodna na komunikéciu rizika s pacientom.

Druhou hodnotenou veli¢inou pouzivanou na komunikaciu rizika
z oziarenia je efektivna davka (E), vyjadrovana v jednotkach mSv
(resp. mSv). Na rozdiel od plosnej davky zohladiuje rozdielnu
citlivost’ jednotlivych tkaniv a orgdnov na ionizujuce Zziarenie, a
preto predstavuje vhodny nastroj na hodnotenie celkového
biologického rizika a jeho komunikaciu s pacientom. Efektivna
davka vsak nie je merana priamo, ale je vypocitavana pomocou
konverznych koeficientov odvodenych z experimentalnych a
simula¢nych modelov.

Velkost radia¢nej davky

Vadulnd divka (dopadovh divka)  Plolné dévka DAP-Dose Area Product
- vaduiod mGy (2 mGy ) Gyicm? (334 cm= 12 cmi= 2x12- 24

)
PREUKAZATECNEISIA
upna

Obr. 1. Znazornenie kuzelovitého zviizku Ziarenia, vychadzajiceho
zo zdroja ionizujuceho ziarenia, prechadzajiceho vysetrovanou
oblastou a dopadajiceho na plochy detektor. DAP (Dose Area
Product).

Pri navsteve stomatologickej ambulancie sa pacient najcastejsie
stretava s tromi zékladnymi typmi radiologickych zobrazovacich
zariadeni. Na Slovensku vsak, na rozdiel od viacerych krajin Europy
a sveta, nie je sucastou povinného materidlno-technického
vybavenia  stomatologickej ambulancie trojrozmerny (3D),
panoramaticky ani intraoralny rontgenovy pristroj inStalovany
priamo v miestnosti, v ktorej je pacient vysetrovany. Z tohto dévodu
st pacienti Casto referovani na iné pracoviskd disponujice
prislusnym technickym vybavenim.

Otazka efektivity tohto postupu zostdva predmetom diskusie. Z
hladiska diagnostickych moznosti oSetrujuceho lekara, ako aj
komfortu pacienta, je vSak mozné jednozna¢ne konstatovat, ze
pritomnost” minimalne intraoradlneho diagnostického rontgenového
pristroja predstavuje nevyhnutny S$tandard. Jeho dostupnost
umoziuje rychlu a efektivnu diagnostiku bez potreby odosielania
pacienta na iné $pecializované pracovisko.

Okrem vyrobcom prednastavenych expozi¢nych parametrov ma
zubny lekar, radiologicky technik, alebo radioldg viacero moznosti,
ako ovplyvnit’ a optimalizovat’ radia¢nu zataz pacienta bez znizenia
kvality diagnostického vysledku. Medzi najdélezitejsie patri:

1. Vyber typu detektora — pouzitic digitdlnych senzorov typu
CCD/CMOS alebo fotostimulaénych fosforovych platniciek

umoziiuje dosiahnut’ diagnosticky vyhovujuci obraz pri nizsej
davke v porovnani s klasickymi filmami.

2. Nastavenie kolimacie — vol'ba kruhového alebo
rektangularneho kolimatora a jeho spravne umiestnenie moze
vyznamne redukovat’ oziarenu plochu, ¢im sa priamo zniZuje
davka (Obr. 2).

3. Uprava vzdialenosti medzi zdrojom Ziarenia a povrchom
vySetrovanej oblasti vedie k zniZeniu plosnej dopadovej davky v
stlade so zakonom inverzného §tvorca.

4. Vyber zobrazovanej oblasti a projekcie — spravnym vyberom
lokalizacie (napr. frontalna vs. distalna oblast’) a typu projekcie
(periapikdlna vs. bitewingovd) sa minimalizuje oziarenie
okolitych tkaniv.

5. Prisposobenie expozi¢nych parametrov pacientovi — uprava
napitia (kV), pridu (mA) a doby expozicie podl'a veku, velkosti
a telesnej konstiticie pacienta umoziuje znizit davku pri
zachovani diagnostickej kvality obrazu.

6. Spravne umiestnenie a fixdcia detektora alebo filmu—
zamedzenie pohybu poas expozicie minimalizuje potrebu
opakovanych snimok.

Vsetky tieto kroky spolocne umoziuju optimalizovat’ radia¢nu
zataZ pacientaa dodrziavat princip ALARA (As Low As
Reasonably Achievable), pricom neznizuju kvalitu diagnostického
vysledku.

Obr. 2. Ovplyvnenie velkosti radiacnej zataze spravnou volbou
kolima¢ného zariadenia a jeho nastavenim.

Velmi dolezitym parametrom ovplyvilujuicim velkost’ radiacnej
davky pacienta je vyber kolima¢ného zariadenia. V intraoralnej
radiologii sa $tandardne pouZiva koliméator kruhového tvaru s dizkou
priblizne 200 mm, avSak s moznostou rektangularnej kolimacie.
Tvar kolima¢ného =zariadenia ma zasadny vplyv na velkost
radiacnej zataze, pricom prechod z kruhového na rektangularny
kolimator moze viest’ k redukcii davky Ziarenia az patnasobne.

Na druhej strane, pouzitie rektangularneho kolimatora si vyzaduje
spravnu volbu drziakov snimkovacich platniiek alebo senzorov
kompatibilnych s danym typom kolimatora. Nespravne nastavenie
filmu alebo digitalneho detektora méze viest' k chybnej projekcii a
potrebe opakovanej expozicie, ¢im sa povodna vyhoda zniZenia
radiacnej davky eliminuje.
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Ovplyvnenie velkosti radia¢nej davky vzdialenostou

celi dlpku enizi divku

sson,
ESD:=ESD) x (555

ESD: =2 mGy x (57 F= 205 (0.5~ 2.0 x 0.25= 0.5 mGy

% emendenim vrdiakenost o el diku rvisi diviu
S5y
ESD;~ ESD, x (g

ESD,=2 mGy x (5= 2.0 x (2~ 20 4= 8 mGy

ESP ( Entrance Skin Dose) SSD { Source to Skin Distance )

Obr. 3. DélezZitost nastavenia vzdialenosti od zdroja Ziarenia po
povrch koZe vySetrovaného objektu.

Mnohi diagnosticki pracovnici sa pokusali redukovat’ radiacnt zat'az
pacienta zmenou vzdialenosti medzi zdrojom ionizujuceho Ziarenia
a povrchom vysetrovaného tseku. Je vSak potrebné si uvedomit, ze
zmenou tejto vzdialenosti dochadza aj k zmene velkosti oZiarenej
plochy. Pri zvéacseni vzdialenosti zo 200 mm na 400 mm klesa
hodnota vstupnej davky podl'a zakona inverzného $tvorca, teda zo 2
mGy na 0,5 mGy. Naopak, pri zmenseni vzdialenosti zo 400 mm na
200 mm sa hodnota vstupnej davky Stvornasobne zvysuje, konkrétne
z 2 mGy na 8 mGy.

Pri spravnej rekolimacii vSak dochadza pri zvdcSeni vzdialenosti
medzi zdrojom ziarenia a povrchom tela k zniZeniu plosnej
dopadovej davky, ako je znazornené na obr. 3. Typ pouzitého
detekéného systému predstavuje vyznamny faktor ovplyviiujuci
velkost’ radiacnej davky pacienta pri intraoralnych radiologickych
vySetreniach.

V klinickej praxi sa vyuZzivaju analdogové rontgenové filmy roznych
tried citlivosti (D, E, F), fotostimulacné fosforové platnicky (PSP) a
digitalne detektory typu CCD/CMOS, pri¢om jednotlivé systémy sa
vyrazne liSia svojou detekénou G¢innostou a expoziénymi narokmi
a st v sucasnosti postupne nahradzané digitalnymi technologiami,
ktoré v porovnani s analégovymi filmami moézu viest k redukcii
davky az o 60-80 % (Obr. 4).

Ovplyvnenie radia¢nej davky pouzitym druhom detektorov

nalogovy film

ble phosphor) CCDICMOS

(150ks £ st

3

| W Dentsply
W Sirona

Schick 33
!

Obr. 4. Vyber spravneho detekéného zariadenia rovnako okrem
kvality vysledného diagnostického obrazu méa vplyv na velkost
radiacnej zat'aze.

Optimalizacia expozi¢nych podmienok zohrava klicovu tlohu pri
minimalizacii radia¢nej zataze a zaroven prispieva k efektivnemu
vyuzitiu zobrazovacicho systému a predstavuje zakladny predpoklad
bezpecného a kvalitného vykonavania radiologickych vySetreni.
(Tab. 1).

Tab. 1. Hodnoty plosnej davky (DAP) v zavislosti od nastavenych
expoziénych parametrov.

Intraorélny rtg pristroj Dentsply Sirona Heliodent Plus

[ @ iimiie W Sedmipine

200mm 300mm 20mm 300mm 200mm 300mm 200mm  300mm 200 mm

mm

60 kV 0KV 60KV 0 kV 60770 kV

Cas expazicie mGylem? mGylem? mGylem® mGylem? mGylem?®

( sekundy)

0.01 3 1 3 2 1 1 1 1
0.0s 13 7 17 9 6 3 7 4
0.06 16 ] 21 10 7 3 9 4

0.08 DR, CR 2 1 % 14 9 s 12 6 % divky
0.10 3] 13 34 17 12 6 15 7

0.16 Film 43 n 55 b 18 9 2] 12 % diivky
10 269 134 344 172 15 S8 148 7
20 538 269 689 344 230 ns 295 148
250 672 336 861 431 28 144 369 185
3.20 860 430 oz ss1 369 184 an 236

Tak ako ovladaci panel intraordlneho rontgenového pristroja, aj
ovladacie rozhranie panoramatického (OPG) a CBCT pristroja
poskytuje moznost’ individuadlneho prisposobenia expozi¢nych
parametrov. Priemerna radia¢na zataz pri panoramatickom
radiologickom vySetreni sa pohybuje priblizne v rozmedzi hodnot
DAP 70-130 mGy-cm?, a to za predpokladu, Ze je snimkovana cela
horna a dolna ¢el'ust’ v plnom rozsahu (Tab. 2). Uvedené hodnoty
mozu byt ovplyvnené viacerymi faktormi, ako st pouzité expoziéné
parametre, typ a generacia pristroja, morfologické charakteristiky
pacienta, ako aj zvoleny snimkovaci protokol. Vyznamnym
optimalizaénym nastrojom je moznost’ ziZenia zorného pol'a (Field
of View, FOV), ktora je dostupna pri panoramatickom snimkovani,
no predovsetkym pri CBCT vySetreniach (Tab. 3, Tab. 4). Redukcia
vel’kosti zorného pola umoznuje cielené zobrazenie vySetrovanej
oblasti, ¢im dochddza k vyraznému znizeniu radianej davky pre
pacienta pri zachovani dostato¢nej diagnostickej vypovednej
hodnoty obrazu. Zvysenie priestorového rozliSenia je spravidla
spojené s narastom expozi¢nych parametrov, a tym aj s vySS$imi
hodnotami davky. Z tohto dévodu je nevyhnutné dosledne zvazit
klinicku indikaciu CBCT vysetrenia, respektive diagnosticku oblast’,
ktora ma byt zobrazovana. Vol'ba rozliSovacej schopnosti (Obr. 5)
by mala byt prisposobena konkrétnemu diagnostickému ucelu, ako
je endodonticka diagnostika, ortodontické planovanie, kariologické
vysetrenie alebo chirurgické zakroky.

Tab. 2. Hodnoty DAP pri zhotoveni OPG cel'uste a sanky.

OPG- hodnoty DAP ( Dose Area Product- suéin davky a plochy) Expozicia 2D Pan

DAP kV/ DAP v/

mGy/em?  mA mGy/em'  mA mGy/em®

Pl 141 66 S1 6378 68 6912 it 214 151
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Tab. 3. DAP pri zhotoveni CBCT velkosti FOV 5 x 5.5cm, roznej
rozliSovacej  schopnosti  arozdielneho  veku  a telesnych
charakteristik pacienta.

CBCT- 5¢m «5.5cm, Expozicie 3D, pevné nastavenie 85 kV a hodnota pritdu 4-13 mA

eme [ [: ] o] QEgees= ]l 0] b
kVimA

kV/mA 85/7 857 8510 8513 B5/4 85/ 85/6 857
Castiarenia 265 dds  dds  dds Cas Biarenia 1445 1445 1445 144
mGy/em? 7% 135 193 250 mGylem? 276 35 414 48
ScmxS.5cm Semx5.5cm

Program Low

dose

KV/mA 85/6 8577 8S/10 8S/13

Cas siarenia 22s 225 22 22

mGylem? 17 19 7 s
SemxSSem

Tab. 4. DAP pri zhotoveni CBCT velkosti FOV 17 x 13 cm, rdznej
rozliSovacej  schopnosti  arozdielneho  veku  atelesnych
charakteristik pacienta.

CBCT- 17em 113¢m, Expozicie 3D, pevné nastavenie 85 kV a hodnota privdu 4-13 mA

reee [ -] o] Qo= 4 o 1
kVimA

kV/mA 85/7 857 8510 8513 8504 B85/5 85/6 8577
Casziarenin 455 59 595 59 Casiarenia 1675 1675 1675 167
mGy/em? 444 586 836 1087 mGylem® 1047 1308 1570 1832
17 em x 13 cm 17 cm x 13 em.

Program Low

dose

KV/mA 85/6 8577 8S/10 8S/13

Cas Harenia 395 395 395 39

mGylem?
1Temx13em

152 178 154 319

Rozsah hodnét davkového plosného stcinu (DAP) je jednoznacne
najsirsi pri pouziti CBCT v porovnani s intraoralnym a
panoramatickym rontgenovym vySetrenim. Tato vyrazna variabilita
je podmienend najmd rozdielmi v pouzitych zobrazovacich
protokoloch, velkosti zorného pola (Field of View, FOV),
nastavenej  rozliSovacej  schopnosti, veku a  telesnych
charakteristikach pacienta, ako aj vol'bou expozi¢nych parametrov a
technickymi vlastnostami jednotlivych CBCT zariadeni. Vyznamny
vplyv na vyslednt radiaénu zataz ma taktiez klinicka indikacia
vysetrenia a rozsah zobrazovanej anatomickej oblasti.

Priestorové rozlisenie HD, SD, Low dose
- ma low dose svoje opodstatnenie ?

0,075-0,125 mm (nicktoré systémy
idd a2 ~0,06 mm)

0.3-0,4 mm (nickedy aj viac) 0,15-0.25 mm

Obr. 5. Rozdiel v kvalite vysledného 3D radiologického obrazu
zobrazeného na snimke v axialnej rovine. Priestorové rozliSenie
sledujeme v HD, SD a LOW DOSE kvalite.

3. DISKUSIA

Radiacna zataz pri stomatologickych rontgenovych vySetreniach
patri k najniz§im v oblasti diagnostickej radiologie. Efektivne davky
pri bezne pouzivanych metddach, ako su intraordlne rdéntgenové
snimky, panoramatické rontgenové vysetrenie (OPG) ¢i CBCT

s malym zornym pol'om, sa pohybuji v rozmedzi jednotiek az
desiatok mikrosievertov. Tieto hodnoty s porovnatelné s davkami,
ktorym je clovek vystaveny v ramci prirodzeného radiaéného
pozadia alebo pocas beznych aktivit, napriklad pri leteckej doprave
(Obr.6).

Na ilustraciu relativnej velkosti davky mozno stomatologické
vySetrenia prirovnat’ k prijmu prirodzene radioaktivneho draslika
obsiahnutého v potravinach, najmi v bananoch, alebo k expozicii
kozmickému ziareniu pocas kratkych letov. Jedna intraoralna
stomatologicka snimka zodpoveda priblizne davke prirodzeného
pozadia za jeden den, zatial Co panoramatické vySetrenie je
porovnatel'né s davkou prijatou pocas kratkeho eurépskeho letu.

Celkova priemerné radia¢na zataz

U ——

& postupy ) zubnej kliniky Euro Dental v Bratislave
v podte odporiianych rtg na osobu  rok z preventivneho a diagnostického hradiska!

Séria 6 intraordlnych snimok
> kazdy rok az dva,
preventivna prehliadka

5-30 uSv

0.1 pSviks

30- 40 Sy E

5 uSvihod

1 OPG snimka
> kazdé 2-3 roky alebo
podra potreby

1 CBCT snimka 30-200 uSv

> podfa potreby

Obr. 6. Porovnanie radiacnej zataze pri niektorych dentalnych
roéntgenovych vySetreniach s prirodnym radia¢nym pozadim.

4. ZAVER

Cone Beam Computed Tomography (CBCT) predstavuje efektivnu
trojrozmernt radiologicktl zobrazovaciu metodu, ktord umoziiuje
presné a detailné zobrazenie Struktir tvrdych zubnych a kostnych
tkaniv v troch rovinach. CBCT poskytuje obrazy s vysokou
diagnostickou kvalitou, vysokou rozmerovou presnostou a
minimalnou mierou geometrického skreslenia, ¢o umoznuje jej
Siroké uplatnenie v stomatologickej diagnostike.

Z dostupnych udajov vyplyva, Ze systematické sledovanie radiacne;j
zat'aze pri dentalnych CBCT vySetreniach na Slovensku v stcasnosti
nie je mozné bez zavedenia samostatného koédového oznacenia
vykonov v systéme zdravotnych poistovni. Absencia samostatného
kodu znemoziuje presné monitorovanie poctu realizovanych CBCT
vySetreni, analyzovanie trendov narastu radianych expozicii,
sledovanie rozdielov v pouzivani protokolov zorného pola (Field of
View, FOV) medzi jednotlivymi pracoviskami, ako aj systematicka
implementaciu a kontrolu optimalizacnych postupov radiacnej
ochrany.

Zavedenie samostatného vykonového koédu pre dentdlne CBCT
vySetrenia by zaroven umoznilo porovndvanie klinickej praxe s
diagnostickymi referenénymi uroviiami (DRU) a vytvorilo by
predpoklady pre stanovenie narodnych DRU, ktoré v sucasnosti pre
dentalne CBCT vysetrenia na Slovensku absentuju.

Je jednoznacne preukdzané, ze pouzitie CBCT je spojené so
zvySenou radiacnou zat'azou pacienta v porovnani s konvenénymi
dentalnymi zobrazovacimi metédami, a to priblizne 10- az 13-
nasobne. Z tohto dovodu je nevyhnutné zvySovat povedomie
zubnych lekdrov a ostatnych zdravotnickych pracovnikov o
principoch radiacnej ochrany, nakol’ko spravna volba expozi¢nych
parametrov a rozsahu zobrazovanej oblasti predstavuje klucovy
faktor optimalizacie radiacnej ochrany v stomatologickej radiologii
v stlade s principom ALARA.
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Abstrakt Oxidaény stres predstavuje vyznamny faktor ovplyvitujici
zdravotny stav, reprodukciu, fyzicka vykonnost a adaptacné
mechanizmy koni. Cielom tejto $tidie bolo vyhodnotit’ vybrané
biomarkery antioxidaéného statusu u klinicky zdravych koni
plemena American Quarter Horse. Do $tudie bolo zaradenych 13
klinicky zdravych koni (7 kobyl a 6 valachov) vo veku 4 az 15
rokov, vyuzivanych na chov a rekreaéné ucely. Celkovy
antioxidaény status (TAS) a koncentrécia malondialdehydu (MDA)
boli stanovené v sére, aktivita glutationperoxidazy (GPx) v
heparinizovanej ping krvi. Priemernd hodnota TAS bola 2,42 + 0,53
mmol/I, aktivita GPx 862 + 265 U/l a koncentrécia MDA 0,131 +
0,022 pmol/l. Vysledky poukazuju na priaznivy antioxidaény profil
a absenciu znamok zvySeného oxida¢ného stresu u sledovanych
koni. Vydedky teto Sudie prispievaju k rozSireniu poznatkov o
antioxidatnom statuse plemena American Quarter Horse v
podmienkach Slovenska.

Klic¢ova slova oxida¢na rovnovaha, antioxida¢na ochrana, American
Quarter Horse

1. UvoD

Oxidacny stres vznikd pri naruseni rovnovahy medzi tvorbou
reaktivnych foriem kyslika (ROS) a antioxida¢nou obranou
organizmu. Nadmernd produkcia ROS vedie k oxidativnemu
poskodeniu lipidov, bielkovin a nukleovych kyselin, ¢&im
nepriaznivo ovplyviluje bunkovi homeostazu a funkciu tkaniv. U
koni sa oxidacny stres podiela na fyziologickych adaptaénych
procesoch, ovplyvituje zdravotny stav, reprodukéné funkcie aj
$portovi vykonnost' a jeho intenzita sa meni v zavisosti od
metabolickej zataze a podmienok prostredia (Shono et al., 2020;
Arfuso et d., 2022).

Dolezitou stcastou enzymatickej antioxidacnej ochrany je
glutationperoxidaza (GPx), ktora katalyzuje redukciu peroxidu
vodika a organickych hydroperoxidov. Celkovy antioxida¢ny status
(TAS) poskytuje komplexnt informaciu o antioxidacnej kapacite
organizmu, zatial ¢o malondialdehyd (MDA), kone¢ny produkt

lipidovej peroxidacie, patri medzi najéastejSie vyuZivané
ukazovatele oxidativneho poskodenia (Bottegaro et a., 2018;
Yildirim aApaydin Yildirim, 2023).

Produkcia ROS fyziologicky narastd pocas svalovej prace v
dosledku zvySeného aerdbneho metabolizmu. Ak tvorba reaktivnych
foriem kydika presishne kapacitu antioxidaéného systému,
dochddza k rozvoju oxida¢ného stresu sprevadzaného zmenami
koncentrécii biomarkerov oxidativneho poskodenia. Predchédzajce
studie preukazali, Ze intenzita fyzickej zataze vyznamne ovplyviiuje
antioxidac¢ny status Sportovych a vytrvalostnych koni, priCom rozsah
zmien zavisi od urovne tréningu, kondicie a adaptacnej schopnosti
organizmu (Bottegaro et al., 2018; Arfuso et al., 2022).

Vyznamnym faktorom ovplyviiujiicim antioxidaéni kapacitu je
vyziva. Dostatocny prisun stopovych prvkov zabezpecuje optimalnu
aktivitu antioxidaénych enzymov a prispieva k udrziavaniu redoxne;j
homeostézy. (Latham et al. 2021) preukézali, Ze suplementécia
komplexne viazanymi stopovymi prvkami  zvySila aktivitu
antioxida¢nych enzymov a zlep$ila fyziologicki odpoved mladych
koni natransportny stres.

Napriek rasticemu zdujmu o hodnotenie biomarkerov oxida¢ného
stresu u koni zostdvaji udaje o antioxidatnom statuse klinicky
zdravych jedincov plemena American Quarter Horse chovanych v
podmienkach Slovenska obmedzené. Cielom tejto Stadie bolo
vyhodnotit’ celkovy antioxidaény status, aktivitu
glutationperoxidazy a koncentraciu malondialdehydu u klinicky
zdravych koni plemena American Quarter Horse chovanych
v podmienkach Slovenska a poskytnut’ zakladné udaje vyuZitelné v
d’alsom vyskume aj klinickej praxi.

2. MATERIAL AMETODIKA
2.1 Zvierata, odber a spracovanie vzoriek
Do &udie bolo zaradenych celkovo 13 klinicky zdravych koni

plemena American Quarter Horse. American Quarter Horse je
plemeno pochadzajlce zo Spojenych Statov americkych, ktoré sa

64



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

EUROPEAN GRANT PROJECTS | RESULTS | RESEARCH & DEVELOPMENT | SCIENCE

zaCalo vyraznejSie rozSirovat v krajinach strednej Eurdpy po
spoloc¢enskych zmenach na prelome 80. a 90. rokov 20. storocia.
Napriek rasticej popularite tohto plemena si informécie o
antioxidaénom stave koni plemena American Quarter Horse
chovanych v podmienkach Slovenskej republiky stéle obmedzené.
Monitorovani skupinu tvorilo sedem kobyl a Sest’ valachov vo veku
od 4 do 15 rokov, vyuzivanych na chovné a rekrea¢né ucely.
Telesna hmotnost’ koni sa pohybovala v rozmedzi od 470 do 540 kg.
Telesna kondicia vSetkych zvierat bola hodnotena pomocou 9-
bodového systému Body Condition Score (BCS) a zodpovedaa
normalng telesng kondicii (BCS = 5) (Potter et a., 2024).

Kone poch&dzali z farmy nachédzajuce sa v regiéne SpisS na
vychodnom Slovensku a boli ustajnené v podmienkach vonkajSieho
ustajnenia. Studia bola realizovana po¢as zimného obdobia, ked’ sa
zvieratd nenachadzali na pastve. Kimna davka pozostavala
predovSetkym z lu¢neho sena pochadzajiceho od miestneho
dodavatel’a, ktoré tvorilo hlavnu zlozku kimnej davky. Pocas celého
obdobia studie mali kone neobmedzeny pristup k pitnegj vode.
Vsetky zvieratd boli pravidelne odcervované v sulade s
odporu¢anym veterindrnym programom. Pred zaradenim do Studie
boli vetky kone podrobené klinickému vy&etreniu a nevykazovali
Ziadne priznaky ochorenia ani iné zdravotné poruchy, ktoré by
mohli ovplyvnit' hodnotené parametre. Pocas trvania §tadie boli
vSetky zvieratd chované v porovnatelnych podmienkach
manaZzmentu a ustajnenia.

2.2 Odber krvi a spracovanie vzoriek

Vzorky krvi boli odobraté z vena jugularis v3etkych vySetrovanych
koni za &tandardnych podmienok s dérazom na minimalizéciu stresu
zvierat pocas odberu. Krv urena na biochemické a antioxidacné
analyzy bola odoberana do skumaviek so separaénym gélom na
ziskanie séra (SST). Dalsie vzorky krvi urfené na stanovenie
aktivity  glutationperoxidazy (GPx) boli  odoberané do
heparinizovanych skiimaviek.

Po odbere boli vzorky transportované do laboratéria a spracované ¢o
najskér za Standardnych laboratornych podmienok. Vzorky krvi
odobraté do SST skimaviek boli nasledne centrifugované pri 3500
otaCkach za minutu pocas 10 minut s cielom ziskat' sérum.
Oddelené sérum bolo pouzité na stanovenie vybranych
antioxida¢nych parametrov, zatial' ¢o heparinizovana plna krv bola
VyuZita na stanovenie aktivity glutatiénperoxidazy (GPx).

Obrézok 1. Laboratorny postup pri stanoveni antioxidaénych
parametrov.

‘;,;i;
B 7 .
7 gramnnma'{\!

Samples and standards Bry blacs

2.3 Stanovenie celkového antioxida¢ného statusu (TAS)

Celkovy antioxidaény status bol stanoveny pomocou slpravy
Randox Total Antioxidant Status NX2332 (Randox Laboratories
Ltd., Spojené kralovstvo). Metoda je zaloZena na inhibicii tvorby
katibnového radikdu ABTS®. Absorbancia bola merana
spektrofotometricky pri vinovej dizke 600 nm pomocou UV-VIS
spektrofotometra ONDA V-10 PLUS (Giorgio Bormac Sr.l.,
Taliansko). Hodnoty TAS boli vypocitané podl'a pokynov vyrobcu s
vyuzitim kalibra¢nych postupov a vyjadrené v mmol/l.

2.4 Stanovenie aktivity glutatiénper oxidazy (GPx)

Aktivita glutationperoxidazy bola stanovena pomocou SUpravy
Ransel RS504 (Randox Laboratories Ltd., Spojené kralovstvo).
Metéda je zaozend na oxidécii redukovaného glutationu
kuménhydroperoxidom za pritomnosti glutationreduktézy a
NADPH. Pokles absorbancie NADPH bol sledovany pri vinove)
dizke 340 nm pomocou UV-VIS spektrofotometra ONDA V-10
PLUS (Giorgio Bormac Srl., Tadiansko). Priemerna zmena
absorbancie za minutu bola vypocitana podl'a nasledujucej rovnice:

AA/min= (Al —A3)/2
Aktivita GPx bola vypocitana podl'a vzt'ahu:
GPx (U/l) = 8412 x (—AA/min)

Vysdledky boli vyjadrené v jednotkéch U/I hemolyzétu.

2.5 Stanovenie koncentr acie malondialdehydu (M DA)

Koncentrécia mal ondial dehydu bola stanovend metddou reaktivnych
latok s kyselinou tiobarbiturovou podla Ohkawu et al. (1979).
Maondialdehyd reaguje s kyselinou tiobarbiturovou za vzniku
farebného  komplexu = MDA-TBA, ktory  bol merany
spektrofotometricky pri vinovej dizke 532 nm pomocou UV-VIS
spektrofotometra ONDA V-10 PLUS (Giorgio Bormac Sr.l.,
Taliansko) (Ohkawaet a., 1979).

Koncentracia MDA bola vypocitana podla Beerovho-Lambertovho
z&kona pomocou nasledujlce rovnice:

MDA (umol/l) = A x 6,41

kde A predstavuje absorbanciu namerant pri vinovej dizke 532 nm.

2.6 Statistické& analyza

Ziskané Udaje boli Statisticky vyhodnotené pomocou zékladnych
metdd opisng Statistiky. Pre v3etky hodnotené parametre boli
vypocitané priemerné hodnoty, smerodajné odchylky, minimalne
hodnoty a maximalne hodnoty.
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3. VYSLEDKY A DISKUSIA Obrézok 2. Individudne hodnoty vybranych antioxidaénych
biomarkerov u koni plemena American Quarter Horse

Tabul’ka 1. Individudlne hodnoty antioxidaénych parametrov u

, ) Total Antioxidant Status (TAS) Glutathione Peroxidase Activity (GPx) Malondialdehyde (MDA)
koni plemena American Quarter Horse.
45 1600 025
Kone TAS GPX MDA " W
(mmol/L) (UIL) (pmol/L) ; . o gy
30 Mean = 2,42 mmol/L = B Moan = 0131 ol
z 5 %Uﬁ Min mm;m»
1 231 770 0.115 T i e |
; o ? - éuu
2 212 1392 0.115 15
400 4
10
3 2.23 1178 0.122 . ] | ‘ ‘ ‘ I
|
4 2.77 967 0.115 D.UIEJQSE?!!?K‘IIIZIJ D‘Zlﬂ‘&?ﬂg'\ﬂﬂﬁi 123456709010 1213
Horse Horse
5 204 1102 0.109 Pozndmka: TAS - celkovy antioxidaén}} stav; GPx —
glutatiénperoxidaza; MDA — malondialdehyd.
6 2.69 833 0.141
Aktivita glutationperoxidézy sa pohybovaa v rozmedzi od 538 do
7 246 736 0.122 1392 U/I, pricom priemerna hodnota dosiahla 862 + 265 U/L
Najniz$ia aktivita bola zaznamenana u kona €. 9, zatial’ ¢o najvysSia
8 273 652 0.109 aktivita bola zistena u kona ¢. 2. VysSia aktivita GPx modze
naznaCovat' efektivnejSie enzymatické mechanizmy antioxidacnej
9 192 538 0135 obrany. .Pozorovar.wa variabilita .med.2| j.edn.otllvvyr.nl zvieratami
poukazuje na rozdiely v enzymatickej antioxidacnej obrane. GPx
zohrédva vyznamnu UOlohu pri detoxikécii peroxidu vodika a
10 2.23 648 0.128 lipidovych hydroperoxidov, ¢im chrani bunkové Struktury pred
oxida¢nym poskodenim. (Latham a kol. 2021) preukézai, ze
1 181 551 0.160 aktivita antioxidaénych enzymov ukoni méze byt ovplyvnena
nutricnym stavom a podmienkami prostredia. Podobné zistenia
12 3.85 1106 0.135 uviedli aj (Niedzwiedz a kol. 2014), ktori zaznamenali zmeny v
aktivitach antioxida¢nych enzymov u koni vystavenych oxidaénému
13 2.27 736 0.192 stresu.

Priemernd koncentrécia MDA dosiahla hodnotu 0,131 + 0,022
pmol/l, pricom hodnoty sa pohybovali v rozmedzi od 0,109 do 0,192

Tabulka 2. Zakladné &atistické ukazovatele vybranych biomarkeroy ~ Hmol/l. Najvgssia koncentrdcia bola zaznamenana u kofia ¢. 13,
antioxida¢ného stavu

Par ameter Priemer + Minimum M aximum MDA sa povaZuje za vyznamny marker lipidovej peroxidécie a

D oxidaéného poskodenia. Relativne nizke koncentracie zistené v tejto
TAS 242 + 053 1.81 3.85 stadii moézu naznaovat nizky stupenn oxidaéného stresu u
(mmol/L) vySetrovanych koni. Podobné vysledky uviedli (Yildirim a Apaydin
GPX (U/L) 862 + 265 538 1392 Yildirim 2023), ktori pozorovali niZSie koncentracie MDA u koni s
MDA 0.131 + 0.109 0.192 priaznivym antioxida¢nym stavom. ZvySené koncentracie MDA boli
(umol/L) 0.022 spojené s roznymi patologickymi stavmi a zvySenym oxidaénym

stresom u koni.

Hodnoty celkového antioxida¢ného statusu (TAS) sa pohybovali v L o

rozmedzi 1,81-3,85 mmol/l, priom priemerna hodnota dosiahla ~ Celkovo .ziskanéf vysle'dky naznaé’ujlil priaznivy antioxidacny profil
2,42 + 0,53 mmol/l (Tabulka 1). Zistena variabilita hodnot TAS ~ charakterizovany relativne vysokymi hodnotami TAS, primeranou
bola nizka, o poukazuje na relativne homogénny antioxidagny ~ aKtivitou GPx a nizkymi koncentréciami MDA. Zistené hodnoty
status sledovanej skupiny. Celkovy antioxidaény status odraza MOZu sluzit ako predbezné referenéné udaje pre klinicky zdrave
sthrnnd antioxidaént kapacitu organizmu, priom vysie hodnoty ~ KOne plemena American Quarter Horse chované v porovnatelnych
indikuju efektivnejsiu ochranu pred G¢inkami reaktivnych foriem podmienkach.

kyslika. Ziskané vysledky koreSponduju so zisteniami Bottegara et

al. (2018), podla ktorych je antioxidacny status koni ovplyvneny .

najméd metabolickou aktivitou a intenzitou fyzickej zataze. 4. ZAVER

U klinicky zdravych koni plemena American Quarter Horse bola
priemernd hodnota TAS 2,42 + 0,53 mmol/l, aktivita GPx dosiahla
862 + 265 U/l a koncentréacia MDA predstavovala 0,131 + 0,022
pmol/l. Nizke koncentrécie MDA spolu s primeranou aktivitou GPx
a vy$§imi hodnotami TAS poukazujii na zachovanu antioxidacnu
ochranu a nizku uroven oxidacného stresu. Vzhl'adom na rasticu
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popularitu westernového jazdenia a zvysujUci sa zaujem o chov koni
plemena American Quarter Horse na Slovensku prispievajl
predlozené vysledky k rozSireniu poznatkov o antioxida¢nom
statuse tohto plemena, pre ktoré si Udaje ziskané v miestnych
podmienkach zatial’ obmedzené.
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Abstrakt Ciel'om tejto $tudie bolo sledovat’ vplyv pridavku mletych
listov prhlavy dvojdomej (Urtica dioica) do krmiva na crevny
mikrobiom rastGcich oSipanych. Celkovo 18 prasiat bolo
rovnomerne rozdelenych do dvoch skupin. Experimentélna skupina
bola kifmena krmivom s pridavkom mletych susenych listov prhl'avy
v mnozstve 2,5 %. Analyza Crevnej mikrobioty sa vykonaa zo
vzoriek stolice po Siestich tyzdiioch experimentu. V experimentalnej
skupine bol pocet enterickych baktérii v porovnani s kontrolnou
skupinou signifikantne niz8i. Na druhej strane, pocet LAB nebol
vyznamne ovplyvneny. Pomer enterickych baktérii k LAB v
experimentalng skupine bol v3ak v porovnani s kontrolnou
skupinou signifikantne niz$i. Priddvanie zihlavy dvojdomej do
kifmnej zmesi pre prasiatka pocas Siestich tyzdfiov malo v naSom
experimente pozitivny vplyv na ¢revny mikrobiom prasiatok.

Kli¢ova dova osipana, kfmna prisada, pthl'ava dvojdoma, ¢revny
mikrobiom

1. UvoD

Kimne doplnkové latky sa pouzivaji vo vyzive hospodarskych
zvierat za uCelom udrzania produkéného zdravia a zlepSenia
produkénych parametrov. Od zékazu pouzivania antibiotickych
stimulétorov rastu v Eurdpe od roku 2006 (Nariadenie Eurdpskeho
parlamentu a Rady (ES) ¢. 1831/2003) je v zaujme odbornej
verejnosti hladat’ a skumat’ rézne doplnkové latky prirodného
pbvodu. Medzi takéto latky, ktoré by pozitivne ovplyvnili zdravie
zvierat a zlepSili produkéné ukazovatele, patri aj skupina latok
rastlinného povodu, takzvané fytobiotika, ziskané z réznych rastlin,

bylin alebo korenin. Obsahuji mnoZzstvo bioaktivnych zlicenin
vratane esencialnych olegjov, polyfenolov, terpencidov a flavonoidov
(Biswas akol. 2024).

Z doplnkovych latok prirodného povodu mdZze mat’ znaény potencid
aj prhlava dvojdoma (Urtica dioica). Prhl'ava sa ako prirodny liek
pouziva uz viac ako 2000 rokov (Bhusal a kol. 2022). Avsa jg
lie¢ivy potencidl zacal byt plne ocenovany az po analyze
chemického zlozenia a postupnom objasiiovani farmakologickych
vlastnosti jej hlavnych aktivnych zlicenin. Pthl'ava m4 mnozstvo
prospesnych vlastnosti vratane antioxidacnych, protizapalovych,
antiproliferativnych, anal getickych, hypotenzivnych a
imunostimulaénych (Said a kol. 2015). M4 pomerne vysoky obsah
proteinov, lipidov, sacharidov, vitaminov a stopovych prvkov (Rutto
a kol. 2013). Pri 30 %-nom podiele bielkovin v suSine ma prhlava
vyrazne vicsi profil aminokyselin ako ostatné zelené rastliny.
Taktiez obsahuje vysoké mnozstvo polynenasytenych mastnych
kyselin (60 %), z ktorych polovicu tvori kyselina linolova (C18:2),
omega-6 mastna kyselina, ktord mé pozitivny vplyv na imunitny
systém, ¢im zvySuje odolnost’ organizmu voci bakteridlnym a
virusovym infekciam (Upton 2013).

Priaznivé uCinky jej podavania na produkéné ukazovatele boli
zaznamenané u rdznych hospodarskych zvierat (Disler a kol. 2014).
Pridanie prhl'avy do krmiva brojlerov viedlo k ich zvySenému rastu
a vyssej jatocnej vytaznosti. Nosnice vykazovali zvysenu produkciu
vajec (Melesee a kol. 2015). Khana a kol. (2017) zaznamenali
kvantitativne a kvditativne zlepSenie produkcie mlieka u
hovéddzieho dobytka. Zdokumentované je aj podavanie prhlavy
oSipanym na zvysenie odolnosti voci infekénym chorobam (Viegi a
kol. 2003).
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2. MATERIAL A METODIKA

Do pokusu bolo zaradenych celkovo 18 prasiat krizencov slovenske)
bielej oSipanej a Landrase vo veku 43 dni s priemernou hmotnostou
15,4 kg/prasa. Zvierata boli rovnomerne rozdelené do dvoch skupin
po 9 prasiat: kontrolngj a experimentalngj. Kontrolna skupina bola
kimena kfmnou zmesou bez pridania prhlavy a experimentalna
skupina kfmnou zmesou s 2,5 %-nym pridavkom mletych suSenych
listov prhl'avy dvojdome;j. Po Siestich tyzdnoch experimentu boli od
zvierat odobraté vzorky trusu za i¢elom vykonania analyzy crevne
mikrobioty.

Pre stanovenie poc¢tu LAB platiiovou metédou bol pouzity MRS
agar (Biolife, Taliansko) a pre stanovenie poctu ENT bol pouzity
MacConkey agar (HiMedia, India). Kazda vzorka trusu 0 mnoZstve
1 g bola nariedend 9 ml fyziologického roztoku (Mikrochem,
Slovensko) a dékladne homogenizovana pouzitim stomachera (IUL,
Instruments, Spain). Néasledne boli zhomogenizované vzorky
riedené decimalnym riedenim fyziologickym roztokom a ockované
na prisusné agary v mnozstve 100 pl. Pripravené platne boli
vloZzené do termostatu a kultivované pri 37 °C: MRS agar bol
kultivovany po dobu 48 hodin v anaer6bnom prostredi a
MacConkey agar bol kultivovany po dobu 24 hodin v aer6bnom
prostredi. PoCty baktérii st vyjadrené ako logaritmus kolonie
tvoriacich jednotiek na gram trusu (Iog10K TYg). Statisticka analyza
bola vykonana pouZitim nepérového t testu v softvéri GraphPad
Prism 8.0 (GraphPad Software, Inc., USA).

3. VYSLEDKY A DISKUSIA

Pouzitie prhlavy dvojdomej vo vyzive zvierat a sledovanie jej
ucinku bolo prezentované v niekol’kych §tadiach, no len mélo z nich
sa venovalo vplyvu prhl'avy na ¢revni mikrofléru oSipanych alebo
inych druhov zvierat. Po vykonani naSich analyz bol v truse
prasiatok pokusnej skupiny (kfmenych kfmnou zmesou s pridavkom
suSenych listov pthl'avy dvojdomej) zisteny vyssi pocet baktérii
mlieéneho kvasenia v porovnani s trusom prasiatok kontrolnej
skupiny (Graf 1). Tento rozdiel ale nebol Statisticky vyznamny.

Graf 1. Porovnanie poctu baktérii mlie¢neho kvasenia v truse prasiat
LAB
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Signifikantné zvySenie poctu baktérii mlie¢neho kvasenia bolo
zaznamenané v obsahu slepych vakov hrubého ¢reva brojlerovych
kurciat kimenych zmesami s 1 %, 2 % a 3 % pridavkom prhlavy
dvojdomej (Pedraza a kol. 2025). Najvyssi pocet laktobacilov v
porovnani s kontrolou bol v tejto §udii pozorovany pri podavani
kfmnej zmesi s 1-percentnym pridavkom susenej prhl'avy.

Pri hodnoteni poctu enterickych baktérii v truse prasiatok v ramci
nasho experimentu bol v pokusng skupine zaznamenany

signifikantne niz§i pocet tychto baktérii oproti kontrolnej skupine (p
< 0,05) (Graf 2).

Graf 2. Porovnanie po¢tu enterickych baktérii v truse prasiat
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Vyssi pocet baktérii mliecneho kvasenia a niz§i pocet enterickych
baktérii v pokusng skupine v porovnani s kontrolou ovplyvnilo g
d’alsi hodnotiaci parameter - pomer ENT:LAB. Tento pomer bol v
pokusng skupine signifikantne nizsi nez v kontrolngj skupine (p <
0,01) (Graf 3.).

Graf 3. Vyjadrenie pomeru enterickych baktérii k baktéridm
mliecneho kvasenia v truse prasiat
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Nizsi pocet Escherichia coli v ¢revnom obsahu oproti kontrole, hoci
bez Statistickej vyznamnosti bol pozorovany u prasiatok, ktorym bol
podavany rastlinny vodny extrakt s 30 % podielom prhlavy
(Hanczekowska a Swiatkiewicz 2012). Pozitivny vplyv
suplementacie krmiva rastlinnym extraktom sa prejavil na vySSg
intenzite rastu, nizSg Umrtnosti a vysSg findng hmotnosti
prasiatok. Zaznamenana bola aj vicSia vyska klkov v ilealnej Casti
tenkého Creva.

VySSia intenzita rastu prasiatok v porovnani s kontrolnou skupinou
bola pozorovana aj v §tadii, kde bola cast’ (12,5 — 25 %) kifmnej
zmesi nahradena pomletym suSenym prhl'avovym senom (Fesenko a
kol. 2022). U tychto experimentanych prasiatok bol ovplyvneny g
hematologicky profil, pricom do$lo k narastu poctu erytrocytov,
zvySeniu hemoglobinu g celkového proteinu v krvi.

V plyv na hematol ogické a biochemické parametre krvi prasiatok bol
sledovany g v experimentalng &tudii s pouzitim 40 % etanolového
extraktu prhl'avy dvojdomej (Buchko a kol. 2024). Pridavok tohto
extraktu pozitivne ovplyvnil proteinovy a metabolicky profil
prasiatok. Podobne, ako v predode &tadii, bola namerana vySsia
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koncentracia hemoglobinu, vyssi pocet erytrocytov a leukocytov,
vySSa koncentrécia celkového proteinu a glukézy, de g vySSie
aktivity enzymov (transamindz, akalicke fosfatéazy a kreatin
kindzy). Okrem toho prasiatka v experimentdng skupine
vykazovali vys§iu zivih hmotnost’ a vyssie denné prirastky.

Podobne ako v naSg Stdii na prasiatkach, signifikantne niz$i pocet
koliformnych baktérii v obsahu slepych vakov hrubého ¢reva bol
pozorovany v uz spominanej S$tadii na brojlerovych kurcatach
(Pedraza a kol. 2025). Najniz§i pocet koliformnych baktérii bol
pozorovany v skupine kurdiat, ktorym bolo podavané krmivo s 1-
percentnym pridavkom prhl'avy dvojdome;.

4. ZAVER

Kfmenie prasiatok zmesou s pridavkom prhl'avy dvojdomej po dobu
Siestich tyzdilov malo pozitivny vplyv na ich ¢revny mikrobiom. Z
vysledkov doposial’ vykonanych $tudii je mozné usudit’, ze pridavok
pthlavy dvojdomej alebo jej extraktov do diéty prasiatok mdze v
pozitivnom smere ovplyviiovat zdravotny stav a produkéné
parametre. Je mozné predpokladat, Zze ulinok prhlavy je
intenzivngjsi, ak sa pouZzije vo vy&Sich koncentréciach. Na overenie
tohto tvrdenia bude potrebné vykonat d’alSie $tadie s pouzitim
prhlavy dvojdomej, ¢i uz vo forme extraktov alebo susenych rastlin.
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Abstrakt The aim of this study was to compare milk yield, lactation
performance, and the basic quality parameters of sheep milk on
three farms applying different production systems (extensive, semi-
intensive, and semi-extensive) during the grazing season. The
evaluated parameters included total milk yield, average monthly
milk production, and the contents of fat, protein, lactose, and solids-
not-fat (SNF) from May to September. The highest milk yield was
recorded on the farm employing a semi-intensive production system
with the Lacaune breed (246.7 kg per ewe). However, this farm also
exhibited the most pronounced decline in milk production during the
summer months characterized by high temperatures and low
precipitation. In contrast, the semi-extensive production system
based on crossbred ewes showed a more stable lactation curve and
more favorable milk quality parameters throughout the grazing
season. Fat content was the most variable milk component, whereas
lactose remained the most stable. Protein and solids-not-fat
concentrations increased progressively as lactation advanced, with
the highest values recorded at the end of the monitoring period. The
results confirmed that breed, production system, nutrition, and
climatic conditions significantly influenced both milk yield and the
compositional quality of sheep milk. The findings suggest that,
under current climate change conditions, a semi-extensive
production system utilizing genetically adapted crossbred ewes
represents a promising strategy for maintaining production stability
and milk quality. Furthermore, supplementation of the diet with
high-quality forage, such as afafa hay and clover-grass silage,
appears to be an effective measure for mitigating the adverse effects
of reduced pasture availability during periods of drought.

Kli¢ova slova dairy sheep, milk yield, milk quality, grazing
management, production system, climate change

1. UvoD

Produkéna uzitkovost’ oviec z hladiska produkcie mlieka, méisa a
viny je vysledkom komplexnej interakcie genetickych predispozicii,
vyzivy a podmienok prostredia. Dosiahnutie vysokého genetického
potencidlu mliekovg UZitkovosti zavisi predovsetkym od
zabezpecenia dostato¢ného prisunu energie, bielkovin a ostatnych
zivin pocas laktacie. V poslednych desatrociach vsak rastici vplyv
klimatickych zmien predstavuje vyznamny limitujdci faktor
produkcie. ZvySené teploty vzduchu v kombinacii s nedostatkom
zrazok znizuju produkciu aj nutricnu hodnotu pasienkovych
porastov, ¢im nepriamo ovplyviiujii produkciu a kvalitu ovéieho
mlieka. Napriek neustdlemu genetickému pokroku a intenzivnym
$lachtitel'skym programom sa potencial zvierat v Coraz vacsej miere
dostdva do konfliktu s nepriaznivymi  environment&nymi
podmienkami. Dosledky globalneho oteplovania sa Coraz
vyraznejSie pregjavuja a v podmienkach mierneho klimatického
pasma vrétane stredng Eurdpy. Na Slovensku je ich vplyv
umocneny c¢lenitym reliéfom krajiny, ktory spdsobuje vyrazné
regionalne rozdiely v priebehu pocasia. Rastiica frekvencia
extrémnych tepl6t, dihodobych obdobi sucha a nepravidelného
rozlozenia zr&Zok zvySuje variabilitu produkénych podmienok a
negativne ovplyviiuje rast a obnovu pasienkovych porastov. Hoci st
ovce povazované za druh s vysokou adaptatnou schopnostou a
dobrou toleranciou vo¢i réoznym environmentalnym podmienkam,
viaceré Studie potvrdzuji negativny vplyv tepelného stresu na
produkciu a zlozenie mlieka. Vysokeé teploty zniZuju prijem krmiva,
narisaju energeticky bilanciu organizmu a nésledne vedu k poklesu
mliekovej uzitkovosti. Na druhej strane, aj ked’ je problematika
chladového stresu v podmienkach strednej Eurépy menej skimana,
jeho negativne u¢inky nemozno opomenut, najmid v tradi¢nych
systémoch horského a podhorského chovu. Pri extenzivnom paseni
v horskych oblastiach od aprila do okt6bra si zvieratd dihodobo
vystavené pdsobeniu nepriaznivych poveternostnych podmienok,
ktoré moézu vyznamne ovplyvnit' ich zdravotny stav, produkénu
vykonnost a celkovu biologicku efektivnost’ (Margetin et al., 2021).
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Cielom predkladanej $tadie bolo porovnat mliecnu uzitkovost a
z&kladné kvalitativne ukazovatele ov¢icho mlicka pocas pastevnej
sezény v troch chovoch oviec s rozdielnym systémom manazmentu
a plemennou skladbou stad. Osobitnd pozornost’ bola venovana
hodnoteniu vplyvu letného tepelného stresu a klimatickych
podmienok na produkciu a kvalitu mlieka v podmienkach
Banskobystrického kraja.

2. MATERIAL A METODIKA

Tato stadia skiimala tri ov¢iarske mliekarenské podniky v strednom
Slovensku v blizkosti Banskej Bystrice so zameranim na produkciu
a spracovanie mlieka. Farmy sa liSili v postupoch prevédzkového
manaZzmentu a v plemenngj skladbe stéd:

Farma 1 (extenzivny systém chovu): Chov plemena cigda Na
zacCiatku laktacie (v aprili) bola aplikovana mastalnd kifmna davka v
mnozstve 5 kg/ks/den, pozostavajuca z lucernovej senaze,
kukuricove siléze, ovsengl slamy, luéneho sena, s6jového Srotu a
pivovarského mldta. Koncentrovand zlozku tvoril drveny ovos a
jacmen. PopoludnajSia davka obsahovala liéne seno (3 kg/ks/den) a
lucernova silaz (1,5 kg/ks/deii). Pocas letného obdobia presli
bahnice na extenzivny systém chovu v apskych podmienkach
Narodného parku Velka Fatra. Primarnym zdrojom Zivin bol horsky
pasienkovy porast, pricom ustajnenie bolo zabezpecené tradi¢nym
koSarovanim

Farma 2 (polointenzivny systém chovu): Chov Ccistokrvnych
mliekovych oviec plemena lacaune v podhorskej oblasti. Bahnice
boli pocas celej pastevnej sezony drzané v mastalnych podmienkach
na farme. Pred prechodom na pastvu pozostavala objemova zlozka
kifmnej davky z la¢neho sena a zmesi stavnatych krmiv (lucernova,
travna a kukuri¢na silaz). V dojani boli ovce prikrmované
koncentrovanou zmesou pozostavajucou z drveného jacmena,
bielkovinového koncentratu a granulovanych kukuri¢nych klickov.
Po prechode na pastvu boli $tavnaté krmiva z davky vylicené a
zvierata boli prikrmované vyluéne la¢nym senom a slamou ad
libitum.

Farma 3 (poloextenzivny systém chovu): Chov plemien cigga a
zoslachtena valaska, ako aj ich krizencov s plemenami lacaune a
slovenska mlie¢na ovca. Pocas zimného obdobia boli ovce ustajnené
v mastali a kfmené kukuri¢nou, lucernovou a travnou silaZzou,
[iénym senom a koncentratmi (drveny ovos a ja¢men). V aprili
stado preslo na pastvovy manazment s noénym kosarovanim. Pocas
pastevného obdobia pozostavala kimna davka vyluéne z
pasienkového porastu bez akéhokol'vek dalSicho pridavku
objemového krmiva.

Monitorovanie fariem sa vykonavalo v mesacnych intervaloch od
aprila do septembra. V pravidelnych casovych intervaloch sa
zaznamenaval priemerny denny nadoj mlieka (sucet ranného a
vecerného dojenia) a z monitorovanych fariem sa odoberali vzorky
bazdlneho mlieka. Obsah tuku, bielkovin, laktézy a tukového
bezvodého zvysku (SNF) v odobratych vzorkach sa stanovoval v
stlade s metodickymi postupmi opisanymi v préci Zahumenska et
al. (2024). Sucasne sa sledovali klimatické ukazovatele, konkrétne
priemerné denné teploty vzduchu a Uhrny zrézok pre dané obdobie,
s vyuzitim Gdajov Slovenského hydrometeorologického Ustavu
(SHMU).

3. VYSLEDKY A DISKUSIA

Komparacia mliecnej uzitkovosti (Obr. 1), priemernej mesacnej
produkcie mlieka (Obr. 2) a kvalitativnych ukazovatelov mlieka

(Tab. 1) poukazuje na vyrazni variabilitu sledovanych parametrov
pocas pastevnej sezony v zavislosti od systému chovu, plemennej
skladby stad a klimatickych podmienok. Ziskané vydedky
naznacuju, ze v hodnotenych podmienkach predstavuje najvhodnejsi
kompromis medzi produkciou a stabilitou poloextenzivny systém
vyuzivajuci krizence oviec. Naopak, Specializované mliecne
plemend, reprezentované plemenom Lacaune na farme 2, dosahovali
sice najvyssiu produkciu mlieka, avSak zaroven vykazovali vysSiu
citlivost na dlhodoby deficit zrdzok a vysoké teploty, ktoré
obmedzuju rast pasienkovych porastov a znizuju ich nutri¢ni
hodnotu. Tradiéné plemend s kombinovanou uzitkovostou sa
ukazali ako lepsie adaptované na nepriaznivé podhorské a horské
podmienky. Na zabezpecenie stabilnej produkcie mliecka pocas
obdobi so zniZzenou produkciou pastvy je preto opodstatnené
dopliat’ kimnu davku kvalitnym lucernovym senom a datelinovo-
trdvnou silazou. Zaroven mozno predpokladat, ze vyznam
extenzivneho systému chovu bude v désledku klimatickych zmien,
postupnegj degradacie vysokohorskych pasienkov a chronického
nedostatku pracovne;j sily nad’alej klesat’.

kg Produkcia mlieka
300 b
250
200
150
a a

100 I

Q

Farma 1 Farma 2 Farma 3

Obrézok 1 Porovnanie mlie¢nej uzitkovosti oviec

Poznamka. Farma 1 — extenzivny spdsob chovu, Farma 2 —
polointenzivny spésob chovu, Farma 3 — poloextenzivny spdsob
chovu; * ® — rozne pismena nad stipcami oznaduju Statisticky
vyznamné rozdiely (P<0,05).

Najvyssia mliecna zitkovost’ bola zaznamenana na farme 2 (246,7
kg/bahnicu), kde bol uplatiovany polointenzivny systém chovu
plemena Lacaune (Obr. 1). Na tejto farme bola zaroven dosiahnuta
najvysSia priemernd mesacna produkcia mlieka. V porovnani s
farmami 1 a 3 vSak vykazovala najvyraznejsi pokles laktacnej
krivky pocas letnych mesiacov (jun az august) (Obr. 2), ¢o
poukazuje na vySSiu citlivost’ §pecializovaného mlie¢neho plemena
na nepriaznivé klimatické podmienky. Vo vsetkych sledovanych
chovoch dosiahli bahnice vrchol laktécie v méji, po ktorom
nasledoval postupny pokles dojivosti, ngjma v obdobi s najvySSimi
teplotami vzduchu a minimdnym mnozstvom zrazok. Tento trend
pravdepodobne slvisel so zhorSovanim kvality a produkcie
pasienkovych porastov v dbdedku sucha. Napriek poklesu
produkcie sa na farméch 2 a 3 v priebehu laktacie postupne
zvySovala koncentrécia hlavnych zloziek mlieka.
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ke Priemernia denna produkcia mlieka
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Obréazok 2 Porovnanie priemerngl denngj produkcie mlieka oviec z
monitorovanych fariem v zavislosti od pastevnej sezony

Poznamka. Farma 1 — extenzivny spOsob chovu, Farma 2 -
polointenzivny spdsob chovu, Farma 3 — poloextenzivny spdsob
chovu.

Tabulka 1 Hodnotenie zakladnych ukazovatel'ov ovéicho mlieka v
zavidosti od jednotlivych mesiacov

Meant
M onitor ované obdobie SD
Parameter OF 5 6 7 8 9
Tuk % 1 8.78 8.01 8.51 7.51 9.97 8.56+
0.712
2 6.77 7.63 7.98 7.85 8.91 7.83%
0.85%
3 9.12 8.12 8.72 9.93 11.17 9.41+
0.52°
L aktéza % 1 4.65 4.87 4.65 4.74 4.42 4.67+
0.37
2 4.93 4.9 4.81 4.69 4.47 4.76+
0.54
3 4.87 4.99 4.76 4.58 4.35 4.71+
0.28
Bielkoviny 1 5.66 5.55 6.01 6.97 7.43 6.32+

% 0.55

2 5.45 5.53 5.77 6.19 7.15 6.01+
0.64
3 5.52 5.46 5.72 6.4 8.07 6.23+
0.78
SNF % 1 1096 1142 1156 1294 1286  11.97+
1.07
2 1117 1129 1145 1179 | 126 11.66+
0.86
3 1125 113 11.35 1192 1348  11.86+
0.45

Pozndmka: ® P — rozne pismena nad stipcami oznaguju tatisticky
vyznamné rozdiely (P<0,05); SNF — beztukova susina, OF — ov¢ia
farma, 5-9 m§ az september

Obsah tuku predstavoval najvariabilnejsi kvalitativny ukazovatel’
mlieka, pricom bol ovplyvneny predovsetkym vyzivou, plemennou
prislusnostou a klimatickymi podmienkami. Pokles koncentrécie
tuku v Uvodnej faze lakticie moze suvisiet s negativnou
energetickou bilanciou (NEB), hoci mobilizécia telesnych tukovych
rezerv moze prechodne vyvolat’ aj jeho zvysenie (Kalyankar et al.,
2016). V silade s vysledkami KeresteSa et al. (2016) sa obsah tuku
ku koncu laktécie zvySoval. NagjvysSiu priemernd koncentréciu tuku
dosiahla farma 3 (9,41 + 0,52 %), pricom medzi farmami 1 a 3 boli
Zistené Statisticky vyznamné rozdiely (P < 0,05).

Pocas obdobia s vysokymi teplotami a nedostatkom zrazok (jun az
august) vykazovalo st&do plemena Lacaune na farme 2 nizsi obsah
tuku aj beztukovej suSiny v porovnani s Cistokrvnymi cigdjami a
krizencami na farméch 1 a 3. Tento vysledok podporuje predpoklad,
ze S$pecializované mliene plemend st citlivej§ie na
environmentdlny stres, nama pri  extenzivngiSom spdsobe
vyuZivania pasienkov.

Koncentracia bielkovin a beztukovej suSiny sa pocas laktacie
postupne zvySovala, pricom najvyssie hodnoty boli zaznamenané na
farme 3 v zavere pastevng sezény. Na rozdiel od obsahu tuku je
koncentracia bielkovin menej ovplyviiovana kratkodobymi zmenami
prostredia a vo védcSej miere zavisi od genetickych faktorov,
zlozenia kimnej davky a $tadia laktacie (Kerestes et al., 2005). NiZ&i
obsah bielkovin na =zaciatku lakticie pravdepodobne suvisel s
negativnou energetickou bilanciou bahnic (Freer a Dove, 2002).
Vysledky zarovenl potvrdzuji poznatky Hamanna et al. (2004),
podla ktorych genotypy s vysSou produkciou mlieka spravidla
dosahuj i niZSie percentud ne zastUpenie zékladnych zloziek mlieka.

Laktéza sa potvrdila ako najstabilnejsia zlozka ov¢ieho mlieka. Jej
koncentracia pocas celej laktacie kolisala len minimalne, avsak ku
koncu pastevng sezény bol na vsetkych farméch zaznamenany
mierny pokles. Tento trend mozno vysvetlit niz§im prijmom
energeticky bohatych krmiv, kedze nedostatok Skrobu obmedzuje
syntézu laktézy a nasledne aj celkovi produkciu mlieka, zatial' ¢o
relativny podiel tuku a bielkovin sa zvySuje (Maskalova et al.,
2024).

Celkovo vysledky potvrdzuju, ze produkéné aj kvalitativne
parametre ovéiecho mlieka si vysledkom vzajomného pdsobenia
genetickych faktorov, systému chovu, vyzivy a klimatickych
podmienok. Hoci polointenzivny systém s plemenom Lacaune
zabezpe€il najvyssiu produkciu mlieka, poloextenzivny systém s
krizencami preukazal vy$Siu produkénu stabilitu a lepSiu
adaptabilitu na meniace sa klimatické podmienky. Z pohladu
udrzatel'nosti chovu oviec v podhorskych a horskych oblastiach sa
preto javi ako perspektivnejSia kombinacia geneticky adaptovanych
zvierat a cielenej suplementacie objemovych krmiv pocas obdobi so
zniZzenou produkciou pasienkov.

4. ZAVER

Vysledky stadie potvrdili, ze mlie¢na uzitkovost a kvalitativne
zlozenie ov€ieho mlieka si vyznamne ovplyvnené plemennou
prislusnost'ou, systémom chovu a klimatickymi podmienkami pocas
pastevng sezény. Hoci navySSia produkcia mlieka bola
zaznamenand na farme s polointenzivnym chovom plemena
Lacaune, mligko oviec chovanych v extenzivnom a
poloextenzivnom systéme dosahovalo vysSi obsah tuku, bielkovin a
dalsich pevnych zloziek, ktoré su rozhodujuce z hladiska
technologickej vytaznosti pri spracovani mlicka na syry. Ziskané
vysledky zaroven poukazuji na vyssiu citlivost’ $pecializovanych
mliecnych plemien na nepriaznivé klimatické podmienky,
predovsetkym na obdobia s vysokymi teplotami a deficitom zrazok,
ktoré negativne ovplyviiuji produkciu aj kvalitu pasienkovych
porastov. Naopak, plemena s kombinovanou uzitkovostou a ich
krizence preukazali lepSiu produkénu stabilitu a vysSSiu adaptabilitu
na podhorské a horské podmienky. Pri rozhodovani o vhodnom
systéme chovu je preto potrebné zohladiiovat nielen produkény
potencial jednotlivych plemien, ale aj ich schopnost’ adaptacie na
lokdne klimatické a environmentéine podmienky. V podmienkach
pokracujticich klimatickych zmien bude nevyhnutné uplatiiovat
komplexné adaptaéné opatrenia zahfiiajuce optimalizaciu vyzivy,
efektivne vyuZivanie pasienkov, cielen suplementéciu objemovych
krmiv pocas obdobi sucha, zlepSenie manazmentu chovu a
Slachtenie zvierat na vys$sSiu odolnost voci environmentalnemu
stresu. Implementécia tychto opatreni méze vyznamne prispiet k
zachovaniu produkénej efektivnosti, kvality ov¢ieho mlieka a
dlhodobej udrzatelnosti chovu oviec.
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Abstrakt Ciel'om $tidie bolo vyhodnotit’ vplyv sezonnych faktorov
a veku bahnic na vyskyt mastitid a zlozenie mlieka. Pre tento ucel
bolo monitorované stado 200 ks bahnic plemena lacaune a
vychodofrizska ovca, ktoré sa nachadzalo na strednom Slovensku.
VySetrenie vemena a odbery vzoriek mlieka na detekciu patogénov
mliecnej zl'azy sa vykonali trikrat pocas pastevnej sezény a to na
zaciatku, v strede a na jej konci. Na porovnanie produkcie mlieka a
zlozenia podl'a veku bolo pocas rovnakych vysetreni vybranych 32
zdravych bahnic rozdelenych do Styroch skupin na zéklade poradia
laktécie: 1., 2., 3.3, lak técia Vydedky Stadie poukazuju, Ze
prevalencia mastitid v stade sa pohybovala od 7,7 do 11,0 %, pricom
subklinické formy predstavovai 4,5 — 8,5 % aklinické formy 2 — 5
%. Z hladiska kvality mlieka a vyskytu mastitid sa ako
najvhodnejSie ukéazali bahnice na 2. a 3. laktécii, ktoré vykazovali
najvySSie hodnoty tuku a bielkovin, maximalnu produkciu mlieka a
optimalny pocéet somatickych buniek.

Kli¢ova slova bahnice, spdsob chovu, pastva, mastitida, laktécia,
kvalitamlieka

1. UvoD

Ov¢ie mlieko patri medzi najhodnotnejSie druhy mlieka. Je Zltkastej
farby, ma typicku vonu a sladka chut a je vyznamnym zdrojom
bielkovin a mineralnych latok (Ca, P, Zn). ZloZenie ov¢ieho mlieka
sa vyrazne |i§ od kravského g kozieho. Obsahuje zhruba 20%
susiny, priemerne 5% bielkovin, z toho 80% tvori kazein a priblizne
8% tuku. V mlieku sa d’alej nachadzaju rézne vitaminy skupiny B,
enzymy (najma amylazy), aminokyseliny, mastné kyseliny, dusikaté
latky nebielkovinového pdvodu, hormény, bunkové elementy a
mikroorganizmy (Flis a Molik, 2021). Charakteristické mikrobidne,
chutové a pachové vlastnosti mlieka s do urcitej miery podmienené

jeho chemickym zlozenim, ngjma odliSnym obsahom fosfolipidov.
Ov¢ie mlieko je =zékladnou surovinou na vyrobu ovcieho
hrudkového syra, z ktorého sa vyrdba ngznamesi produkt
slovenského ovcéiarstva, bryndza (Herian, 2024).

Produkcia a kvalita ovéiecho mlieka su ovplyvnené viacerymi
faktormi, ngma vyzivou, Sadiom laktacie, vekom bahnic a
zdravotnym stavom mlie¢nej ZPazy (Dudrikova a Vyrostkovd,
2024).

Zo zdravotného hladiska, zapal mlieénej Zl'azy - mastitida patri
medzi najzavaznejsie ochorenia oviec, ked’ze znizuje kvalitu mlieka
a spdsobuje ekonomické straty pre farmarov s ¢astym vyrad’'ovanim
oviec (Contreras akol., 2007).

Okrem priamej straty mlieka, mastitidy bahnic spdsobuju g zvySené
naklady na liebu, laboratérne vysSetrenia, selekciu a vyradzovanie
zvierat so zniZzenou produktivitou. PredovSetkym subklinické formy
st Casto podcetiované, no ich kumulativny efekt ma vyrazny
ekonomicky dopad na farmu. ZniZzena produkcia mlieka negativne
ovplyviiuje rast a vyvoj cicajucich mlad’at (Bergonier a kol. 2003).
Prevencia, vCasna diagnostika a spravne manazérske opatrenia su
preto kI"iGové na udrzanie vysokej kvality mlieka a znizenie vyskytu
meastitid u bahnic (Vrskova akol., 2015).

Vzhladom na rozmanitost environmentalnych a fyziologickych
faktorov, ktoré vplyvaju na produkciu mlieka, bolo cielom S$tudie
vyhodnotit’ vyskyt a etiologiu mastitid v chove bahnic pocas
pastevng sezény, ako aj porovnat’ zloZenie mlieka podla ich veku.
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2. MATERIAL A METODIKA

2.1 Monitorovany chov oviec

Pre tGcel stadie bola vyhodnotena pastevna sezona 2024 na farme
oviec lokalizovanej na strednom Slovensku ned’aleko Brezna. Pre
200 ks oviec dojnych plemien Lacaune aVychdofrizska ovca aich
krizencov. z monitorovang farmy sa prevazne pouZiva
polointenzivny systém chovu. Ovce dosahuju produkciu mlieka 180
az 220 litrov za laktaciu, ¢o si vyzaduje nielen vhodny plemenny
typ, ale aj dostatoénu vyzivu. Pastva sa vykonava v blizkosti farmy
na intenzivnych aebo polointenzivnych pasienkoch, ktoré sa
pravidelne hnoja. VyuZivanie pasienkov moéze zahfiiat' dohlad
pastiera alebo oplotené vybehy. Po paseni sa ovce zhromazdia spat
na farmu, kde st ustajnené do nasledujlceho diia a strojovo sa doja
v paralelng dojarni.

2.2 VyS&etrenie bahnic a odber vzoriek

Pocas jednej pastevnej sezény bol v chove oviec na strednom
Slovensku  monitorovany  vyskyt mastitid s  detekciou
ngvyznamnejsich pbvodcov tohto ekonomicky zavazného
ochorenia. V&etkych 200 ks oviec bolo 3-kra komplexne
vySetrenych v trojmesacnych intervaloch (na zaciatku, v strede a na
konci pastevnej sezony), pricom vysetrenie pozostavalo z klinického
vySetrenia vemena, posudenia NK-testu a odberu vzoriek mlieka.
Pred odberom mlieka boli v3etky bahnice podrobené klinickému
vySetreniu vemena, ktoré zahfialo aspekciu a palpaciu so
zameranim na tvar, symetriu, konzistenciu, bolestivost’, teplotu a
pritomnost’ patologickych zmien. Sucasne sa vykonalo senzorické
hodnotenie mlieka aNK-test z oboch polovic vemena samostatne
ako zékladné vySetrenie zdravotného stavu mlie¢nej zl'azy (Vrskova
a kol., 2015). Zaroven v rovnakych intervaloch od monitorovanych
bahnic bolo vybranych 32 klinicky zdravych jedincov, rozdelenych
do 4 skupin (8 bahnic v kazdej skupine) podl'a poradia laktacie: 1, 2,
3, a> 4 laktacia.

Pri pozitivnom skére NK-testu boli na bakteriologické vySetrenie
odobraté vzorky mlieka zo zdravej g postihnutej polovice vemena.
Na kultivaciu pévodcov mastitidy boli pouZité platne MicroMast a
krvny agar. Suspektné kolonie boli naockované na selektivne agary
na d’al$iu identifikaciu bakteridlnych povodcov mastitid. Hodnotila
sa tvorba hemolyzy a pigmentu. Jednotlivé izoldy boli
identifikované prostrednictvom biochemickych testov STAPHY test
24, STREPTOtest 24 adebo ENTEROtest 24 a nésedne
vyhodnotené pomocou programu TNW ProAuto 7.0 (Erba
Lachema, Brno, CR), pricom pravdepodobnost spravnej
identifikécie presahovala 90 %. Na zéklade klinického vySetrenia
vemena, skére NK-testu a laboratdrng diagnostiky boli
intramamarne infekcie mlieénej Zzlazy kategorizované na
subklinické aklinické formy.

Vzorky mlieka od vybranych skupin bahnic na stanovenie jeho
zlozenia boli odoberané asepticky do sterilnych 50 ml skimaviek a
transportované pri teplote 4 °C do laboratéria na d’alSiu analyzu.
Stanovenie z&kladnych zloziek mlieka vo vzorkéch od vybranych
bahnic, ako je obsah tuku, bielkovin, laktézy a beztukovej suSiny
(SNF), bolo testované pomocou FTIR spektroskopie s pouzitim
pristroja MilkoScan FT 6000 (Foss Anaytica A/S, Hillered,
Daénsko) podla Zahumenskej a kol. (2024).

2.3 Statistické& analyza

V &atistickom vyhodnoteni boli porovnané rozdiely v produkcii
mlieka av kvaitativnych parametroch medzi sledovanymi

skupinami bahnic. Vysledky boli vyhodnotené pomocou programu
MS Excel (Microsoft, Redmond, Washington, USA). Zakladné
Statistické charakteristiky, ako si priemer a Standardna odchylka,
boli vypogitané pre numerické tdaje. Statistickd analyza bola
vykonana jednofaktorovou anayzou rozptylu. ANOVA a Tukeyho
test pre viacnasobné porovnania priemerov s intervalom
spolahlivosti nastavenym na 95 % boli vykonané pomocou
Statistického softvéru  GraphPad Prism 8.3.0.538 (GraphPad
Software, San Diego, CA, USA).

3. VYSLEDKY A DISKUSIA

Vysledky hodnotenia NK-testu na 200 ks bahnic pocas pastevnej
sezOny su znazornené v tabulke 1. Pri prvom vySetreni (zaciatok
pastevng sezdny) bol NK-test pozitivny u 6,2% vySetrenych poliek
vemien. Z vySetrenych polovic boli odobraté vzorky mlieka,
z ktorych v 19 bol zisteny bakteridiny pévodca mastitidy. Najnizsi
vyskyt polovic spozitivnym skdére NK-testu bol zaznamenany na
konci dojnej sezdny. Naopak, najviac pozitivnych polovic na NK-
test ainfekénych patogénov bolo v strede dojng sezény (Tab. 1).
V tomto obdobi (stred sezony) bolo zaznamenanych najviac
pripadov  klinickych mastitid (5%). Subklinické formy sa
klinickych foriem bol zaznamenany nakonci sezény (2%; Obr. 1) v
désledku vyradenia 6 ks oviec s klinickou mastitidou spésobenou S.
aureus po druhom odbere.

Tabul'ka 1. Vyhodnotenie NK-testu a laboratérneho vySetrenia

Pastevna | Polet | Negativny Pozitivny | Infekéné
sezbna oviec | NK-test NK -test polovice
vemena*
n % n | % n %
zaliatok 200 375 | 938 |25 |62 |19 4,8
stred 200 363 90,8 | 37 | 9,2 22 55
koniec 194 380 950 | 20 | 50 15 3,8

Poznamka: NK-test — California mastitis test robeny z kazde
polovice vemena; Infekéné polovice vemena* - pozitivny NK-test s
kultivéciou patogénov vemena.

Celkovo bol pocas sezdny zaznamenany vyskyt mastitid na urovni
7,7 — 11,0 % s vyskytom subklinickych foriem na Grovni 4,5 — 8,5
% a klinickych foriem na Grovni 2 — 5%. Hlavnymi izolovanymi
patogénmi boli stafylokoky, ktoré tvorili az 61,1% z celkového
poCtu pozitivnych vzoriek. S. aureus bol izolovany najmid z
klinickych mastitid, zatial, ¢o koaguldza-negativne stafylokoky
(KNS) boli prevazne izolované zo subklinickych foriem. Podla
Contreras a kol. (2007) si subklinické a perzistentné mastitidy
Castym zdrojom stafylokokov, ktoré sa tazko lie¢ia vzhl'adom na ich
potencial tvorby biofilmu arezistenciu na antibiotika.
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Obrazok 1. Vyskyt mastitid pocas pastevnej sezony
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Environmentalne vplyvy, ako st vlhkost, teplo a cast¢é zmeny
mikroklimy pocas pastvy, vytvaraji vhodné podmienky pre ich rast
aSirenie v prostredi farmy adojarne. Celkovo pocas celej dojnej
sez6ny boli klinické mastitidy na Grovni 2-5%, pricom az v 80% bol
povodcom S. aureus. Tento vyskyt je porovnatelny s hodnotami
uvadzanymi u dojného plemena Lacaune, ktoré popisuje Gonzalo a
kol. (2002) vo svojg $tudii. Okrem stafylokokov boli izolované g
gram-negativne baktérie ako je E. coli a Enterobacter sp. (Tab. 2).
Vysledky druhej Casti §tudie porovnavaji vplyv veku bahnic a §tadia
laktacie na mnozstvo a kvalitu ov¢ieho mlieka. Mbzeme vidiet, Ze
na zaciatku laktacie v aprili, po odstave jahniat, bol denny nadoj
mlieka (DMY) najvyssi u vietkych monitorovanych bahnic, ked’ze v
tomto obdobi bola najkvaitnejSia pastva. Signifikantné rozdiely v
najvy$som DMY na zaciatku sezony boli v skupine oviec na druhe;j
laktécii (Obr. 2). Potom DMY mierne klesal u vsetkych
monitorovanych skupin, ¢o je zapri¢inené hlavne klimatickymi
podmienkami vplyvajucimi na kvalitu pastvy (suché obdobie) a
zaroven aj fyziologickymi funkciami bahnic (tepelny stres). Ku
koncu laktacie DMY klesi z dévodu kratSej laktécie niektorych,
najma starsSich bahnic. Priemerna ro¢na produkcia mlicka (AMY) za
laktaciu dosiahla 285,5 kg mlieka na bahnicu, pri¢om najvyssia
AMY v skupine bahnic bolana druhej 1aktéacii (294 L).

Tabulka 2. Vyhodnotenie bakteridlnych povodcov mastitid
z pozitivnych vzoriek

(5;3' koviny | 4054008 | 423:035 | 4524032 | 4,0140,25
Laktéza (%) | 5,150,299 | 520t026 | 5724030 | 541032
PSB.10° 232,6+31,1 | 1835:237 | 531+423 | 1179+1285

Pastevna S. aureus KNSt G baktérie?
sezéna n/% n/% n/%
SBK KLN SBK KLN SBK KLN
zaciatok 0/0 8/42,1 9/47,4 0/0 0/0 2/10,
(19) 5
sred (22) | 2/9, | 5/22,7 | 12/54, | 000 | 145 | 291
1 5
koniec(15 0/0 3/20,0 7/46,7 2/13, 2/13, 1/6,7
) 3 3
Spolu (56) 0 16/10, 28/50, 2/3,4 3/5,4 5/8,9
7 0

Poznamka: KNS! — koaguléza-negativne stafylokoky zastipené S.
warneri, S chromogenes a S. epidermidis; G~ baktérie? — zasttpené
E. coli a Enterobacter sp.; SBK — subklinicka mastitida; KLN —
klinicka mastitida.

Denny nadoj mlieka

3
2
-l
. N N
zaiatok stred koniec
m]laktacia m2laktécia 3laktacia  ®>4 laktacia

Obrazok 2. Porovnanie mlienej produkcie monitorovanych oviec
Poznamka: *p < 0,05.

Zo zlozenia mlieka bol hodnoteny obsah tuku, bielkovin alakt6zy.
Z kvantitativnych parametrov bol vyhodnocovany PSB (Tab. 3).

Tabulka 3. Vyhodnotenie jednotlivych zloziek mlieka

Llaktacia | 2laktacia | 3.laktacia | | z4.
Parameter aktacia
Tuk (%) 558042 | 585038 | 6,43t054° | 6,12+0,57

Bahnice boli rozdelené do $tyroch skupin podla po¢tu laktacii: 1.,
2., 3. a> 4. laktacii. NajstabilnejSie hodnoty a nizsi PSB dosahovali
bahnice v 1. a 2. laktacii. So zvySujucim sa vekom bahnic narastal
PSB, pri¢om najvyssie hodnoty boli zistené u bahnic v §tvrtgj a
vySSg laktécii. NgjlepSie vysledky v zloZzeni mlieka boli zistené u
bahnic v 3. lakt&cii, ktoré dosiahli ngjvysSi obsah tuku (P < 0,05;
6,43%). Ostatné zlozky neboli ovplyvnené vekom bahnic (Tab. 3).
Podobné zistenia zaznamenali vo svojg &udii Paape a kol. (2007).
So zvysujucim sa vekom bahnic narastal pocet somatickych buniek
ako aj vyskyt subklinickych mastitid, pri¢om najvyssie hodnoty boli
zistené u bahnic v piatej avySSe laktécii.

4. ZAVER

Stadia potvrdila vyznamny vplyv sezénnosti na vyskyt mastitid.
NajrizikovejSim obdobim pre vznik novych pripadov mastitid bol
zaCiatok sezény po odstave jahniat, pricom dominantnymi
patogénmi boli stafylokoky. Nevenovanim pozornosti chovatela
subklinickym mastitidam zapri¢inenym najmid Staphylococcus
aureus na zadiatku pastevnej sezony, sa vac§ina z nich vyvinula na
klinické formy, ktoré boli tazko liecitelné. Je preto vhodné, aby
chovatelia po detekcii patogénov vemena si dali urobit’ aj doplnkové
vySetrenie na ich druhovi identifikdciu a citlivost’ na pouZivané
antibiotika

Rozbory zloZenia mlieka preukézali, Ze so zvysujucim sa vekom
bahnic narastal PSB. NajvhodneiSie pre produkciu kvalitného
mlieka sa ukazali bahnice v druhej atretgj laktécii, ktoré vykazovali
najvysSie hladiny mlie¢neho tuku a bielkovin. Ziskané vysedky
poukazujii na potrebu vhodnej volby plemena, systému chovu a
efektivneho manazmentu stada pocas celej pastevnej sezony s
cielom zachovat kvalitu mlicka a znizit vyskyt mastitid v
chovatel'skom prostredi.
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Abstract Hydrogen enrichment represents one of the most
promising approaches for improving the efficiency and
environmental performance of spark-ignition engines while
maintaining compatibility with existing combustion technologies.
The present study investigates the influence of hydrogen addition on
combustion characteristics and engine efficiency under lean-burn
operating conditions using a combination of experimental
measurements and numerical modelling. The analysis focuses on
heat relesse rate, in-cylinder pressure evolution and brake thermal
efficiency for various hydrogen-gasoline blends operating at
different excess-air ratios. Experimental data were used to validate a
simulation model capable of predicting combustion behaviour and
identifying key parameters affecting engine performance. The
results showed that increasing the hydrogen fraction accelerated the
combustion process, shifted the peak heat release rate towards
earlier crank angles and promoted earlier occurrence of maximum
cylinder pressure. Furthermore, hydrogen enrichment enabled stable
operation at leaner mixtures and increased brake thermal efficiency,
with the highest values observed at A = 1.6 for hydrogen-rich blends.
The numericd model demonstrated good agreement with
experimental measurements and successfully reproduced the
observed combustion trends. Based on the obtained results, a
conceptual framework for future split-injection control strategies is
proposed, where model-based prediction of combustion
characteristics can be used to optimize fuel delivery, ignition timing
and air-fuel ratio management. The findings confirm that hydrogen-
assisted combustion combined with advanced model-based control
approaches offers significant potential for the development of next-
generation low-emission spark-ignition engines.

K eywor ds hydrogen enrichment, spark-ignition engine, combustion
modelling, engine control, lean-burn combustion

1. INTRODUCTION

The automotive industry is currently undergoing a significant
transformation driven by increasingly stringent emission
regulations, global decarbonization targets and the growing demand
for sustainable transportation systems. Although battery-electric
vehicles are expected to play amgjor role in future mobility, internal
combustion engines remain an essential technology for many
transportation sectors, including heavy-duty vehicles, hybrid
powertrains and off-road machinery. Consequently, considerable
research efforts are focused on improving engine efficiency and
reducing environmental impacts through advanced combustion
concepts and aternative fuels [1].

Hydrogen has emerged as one of the most promising alternative
fuels due to its carbon-free combustion, high gravimetric energy
density and favorable combustion characteristics. Compared with
conventional gasoline, hydrogen exhibits a significantly higher
laminar flame speed, lower ignition energy and wider flammability
limits, alowing stable combustion even under very lean operating
conditions [2,3]. These properties can contribute to improved
thermal efficiency, lower fuel consumption and reduced greenhouse
gas emissions while maintaining compatibility with existing internal
combustion engine architectures.
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Numerous studies have demonstrated that hydrogen enrichment
accelerates flame propagation, shortens combustion duration and
enhances combustion stability. Furthermore, hydrogen-assisted
combustion can improve lean-burn capability and increase engine
efficiency by enabling more favorable combustion phasing and
reducing cycle-to-cycle variations [4,5]. However, the introduction
of hydrogen into spark-ignition engines aso alters heat release
characteristics, pressure development and overal combustion
dynamics, creating new challenges for engine cdibration and
control.

Modern engine development increasingly relies on numerica
modelling techniques capable of predicting in-cylinder processes
with high accuracy. Model-based approaches provide vauable
insights into combustion phenomena, pressure evolution and thermal
efficiency while reducing the need for extensive experimental
testingg When properly validated against experimental
measurements, simulation models can become an important
component of advanced engine control systems and rea-time
combustion management strategies.

One of the promising concepts currently being investigated for
future hydrogen-gasoline engines is split fuel injection. In such
systems, the total fuel quantity is divided into multiple injection
events to improve mixture preparation, combustion phasing and
engine efficiency. The effectiveness of split-injection strategies
strongly depends on a detailed understanding of combustion
behaviour and accurate prediction of key combustion parameters,
including heat release rate, maximum cylinder pressure and thermal
efficiency. Therefore, the development of future model-based
control agorithms requires comprehensive experimental and
numerical analysis of combustion processes under various operating
conditions.

The objective of this study is to perform a model-based analysis of
combustion characteristics in a hydrogen-gasoline spark-ignition
engine operating under lean-burn conditions. Experimental
measurements and numerical simulations are used to evaluate heat
release rate, in-cylinder pressure development and brake therma
efficiency for different hydrogen-gasoline blends. The obtained
results are further discussed from the perspective of future split-
injection control strategies and adaptive engine management
systems for next-generation low-emission combustion engines.

2. MATERIALSAND METHODS

The experimental investigation was carried out on a spark-ignition
engine operating with hydrogen-gasoline fuel blends under various
lean-burn conditions. The objective of the measurements was to
evaluate the influence of hydrogen enrichment on combustion
development, heat release characteristics, in-cylinder pressure
evolution and brake thermal efficiency. The engine was equipped
with a combustion analysis system enabling crank-angle resolved
pressure measurements, which served as the primary source of data
for subsequent combustion analysis and numerical model validation.
The tested operating conditions covered both stoichiometric and
lean mixtures, with the excess-air ratio ranging from A = 1.0 to A =
2.2. Such a range was selected to investigate the combustion
behaviour from conventional operation to ultra-lean conditions,
where the beneficial effects of hydrogen become increasingly
significant. Several hydrogen-gasoline blends with different
hydrogen fractions were examined in order to evaluate the influence
of fuel composition on combustion performance and engine
efficiency.

To support the experimental investigation, a numerical combustion
model was developed and calibrated using the measured engine
data. The model was designed to reproduce the main
thermodynamic processes occurring within the cylinder and to
predict key combustion parameters, including heat release rate, in-
cylinder pressure development and brake thermal efficiency.
Particular attention was devoted to the prediction of combustion
phasing and maximum cylinder pressure because these parameters
represent important inputs for future model-based engine control
systems. The accuracy of the model was assessed by comparing
simulated and measured pressure traces under identical operating
conditions.

The experimental pressure data were further used for heat release
analysis in order to evauate the rate and timing of energy release
during combustion. The resulting combustion characteristics were
subsequently correlated with brake thermal efficiency and analyzed
with respect to varying hydrogen concentration and excess-air ratio.
The obtained results provide valuable information regarding the
relationship between fuel composition, combustion behaviour and
engine efficiency. Furthermore, the validated model creates a
foundation for the future development of adaptive control strategies
and split-injection concepts, where accurate prediction of
combustion processes is required for optimization of fuel delivery,
ignition timing and overall engine operation.

3. RESULTSAND DISCUSSION

The combustion analysis revealed a significant influence of
hydrogen concentration on the development of the combustion
process and the associated thermodynamic parameters. Figure 1
presents the comparison of heat release rate profiles obtained for
fuel blends containing different hydrogen fractions. The results
indicate that increasing the hydrogen content substantially affects
the timing of energy release during combustion. While both
investigated fuel blends reached similar peak heat release rates of
approximately 50 J°CA, the hydrogen-rich mixture exhibited an
earlier occurrence of the maximum heat release rate. The peak was
shifted by approximately 5°CA towards top dead centre compared to
the low-hydrogen blend, indicating a significantly faster combustion
process.

The observed behaviour can be attributed to the favorable
combustion properties of hydrogen, particularly its higher laminar
flame speed and lower ignition energy. These characteristics
promote faster flame propagation and shorten the combustion
duration. As a consequence, a larger portion of the fuel energy is
released closer to the optimum crank angle region, which
contributes to improved thermodynamic efficiency. The results
shown in Fig. 1 therefore confirm that hydrogen enrichment
accel erates combustion development and alters combustion phasing,
which must be considered in future engine control strategies and
injection system design.
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Figure 1 - Comparison of heat release rate profiles for low- and
high-hydrogen fuel blends under lean-burn operating conditions

The influence of accelerated combustion is further reflected in the
in-cylinder pressure development presented in Fig. 2. A comparison
between experimental measurements and numerica simulations
demonstrates a high level of agreement throughout the combustion
cycle. The experimental pressure trace reached a maximum value of
approximately 41 bar, whereas the simulation predicted a dightly
higher peak pressure of approximately 43 bar. Furthermore, the
simulated pressure maximum occurred approximately 2°CA earlier
than the experimentally observed peak.

Despite these minor deviations, the numerical model successfully
reproduced the overal pressure evolution, including the pressure
rise during combustion, the maximum pressure region and the
subsequent expansion phase. The relatively small difference
between experimental and simulated results indicates that the model
accurately captures the dominant physical processes governing
combustion and energy conversion within the cylinder. Such
agreement is particularly important for future model-based control
applications, where reliable prediction of combustion behaviour is
required for real-time optimization of engine operation.

The combined analysis of heat release rate and pressure
development demonstrates a clear relationship between hydrogen
concentration and combustion dynamics. Earlier heat release leads
directly to an earlier pressure rise and higher peak pressure values,
resulting in more favorable combustion phasing. From the
perspective of future hydrogen-gasoline engines equipped with split-
injection systems, these findings provide valuable information for
determining optimal injection timing and fuel distribution strategies.
Since hydrogen enrichment significantly modifies combustion speed
and pressure development, future control agorithms will need to
continuously adapt fuel injection parameters to maintain optimal
combustion phasing and maximize engine efficiency.

The validation results presented in Fig. 2 aso confirm that the
developed numerical model can be used as a predictive tool for
further investigations of advanced combustion concepts. Such
model-based approaches are expected to play an increasingly
important role in the development of adaptive engine management
systems, where combustion parameters can be predicted and
optimized before actual combustion occurs. Consequently, the
presented model provides a suitable foundation for future research
focused on split-injection hydrogen-gasoline combustion systems
and advanced model-based control algorithms.
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Figure 2 - Comparison of experimentally measured and simulated

in-cylinder pressure traces used for numerical model validation

The influence of combustion characteristics on overal engine
performance can be further evaluated through the brake thermal
efficiency results presented in Fig. 3 and Fig. 4. The obtained data
demongtrate that both hydrogen concentration and excess-air ratio
significantly affect the efficiency of the combustion process. For all
investigated fuel blends, brake thermal efficiency increased as the
mixture became leaner, reaching an optimum operating point before
gradually decreasing under ultra-lean conditions.

The behaviour observed in Fig. 3 indicates that low-hydrogen fuel
blends achieved their highest brake therma efficiency at
approximately A = 1.4. At stoichiometric operation, the efficiency
remained close to 34 %, while progressive mixture leaning resulted
in a noticeable improvement in thermal efficiency. The maximum
values approached approximately 37 %, after which further increase
in excess-air ratio caused a gradual decline. This reduction can be
associated with decreasing combustion temperatures, slower flame
propagation and reduced combustion stability under extremely lean
conditions.

A different trend can be observed for the hydrogen-rich fuel blends
shown in Fig. 4. In this case, the optimum operating point was
shifted towards significantly leaner mixtures. The highest brake
thermal efficiency was achieved at approximately A = 1.6, where
values close to 38 % were recorded. Compared to the low-hydrogen
blends, the hydrogen-rich mixtures exhibited both higher maximum
efficiency and an extended lean operating range. These results
clearly demonstrate the beneficial effect of hydrogen on combustion
stability and energy conversion efficiency.

The improved performance of hydrogen-enriched mixtures can be
explained by the combustion characteristics discussed previously.
As shown by the hesat release analysis in Fig. 1, hydrogen promotes
faster energy release and advances combustion phasing. The
resulting pressure development, illustrated in Fig. 2, enables a
greater proportion of the released energy to be converted into useful
work during the expansion stroke. Consequently, the combination of
accelerated combustion and improved combustion stability allows
efficient operation even at higher excess-air ratios.

Another important observation is the excellent agreement between
experimental measurements and numerical predictions presented in
both Fig. 3 and Fig. 4. The simulation model successfully
reproduced the efficiency trends over the entire investigated
operating range, including the location of the efficiency maxima and
the subsequent decrease under ultra-lean conditions. The relatively
small deviations between measured and simulated values confirm
the capability of the model to capture the dominant mechanisms
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governing hydrogen-assisted combustion. Such predictive capability
is particularly important for future model-based engine control
systems, where combustion parameters must be estimated
continuously under varying operating conditions.
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Figure 3 - Brake thermal efficiency as a function of excess-air ratio
for low-hydrogen gasoline blends: comparison of experimental and
simulation results.
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Figure 4 - Brake thermal efficiency as a function of excess-air ratio

for hydrogen-rich gasoline blends: comparison of experimental and

simulation results.

From the perspective of future split-injection hydrogen-gasoline
engines, the obtained results provide valuable information regarding
optimal combustion phasing and fuel delivery strategies. The shift of
the efficiency optimum from & 1.4 to A = 1.6 with increasing
hydrogen concentration suggests that the fuel management system
should dynamically adapt injection parameters according to both
fuel composition and operating conditions. A split-injection strategy
could utilize an initial pilot injection to improve mixture preparation
followed by a main injection event responsible for achieving the
desired combustion phasing. Such an approach would alow the
engine control unit to compensate for the faster combustion
behaviour associated with hydrogen enrichment while maintaining
optimal efficiency and combustion stability.

The presented results therefore demonstrate that hydrogen
concentration significantly influences not only combustion
dynamics but also the location of the optimum operating point.
These findings confirm the necessity of adaptive model-based
control approaches capable of continuously adjusting injection
timing, fuel distribution and ignition parameters. The validated
simulation model developed in this study provides a suitable
platform for future investigations focused on split-injection

strategies and advanced combustion control concepts for low-
emission hydrogen-gasoline engines.

4. CONCLUSIONS

This study presented a model-based anaysis of combustion
characteristics in a hydrogen-gasoline spark-ignition engine
operating under lean-burn conditions. The investigation combined
experimental measurements and numerical simulations to evaluate
the influence of hydrogen enrichment on heat release rate, in-
cylinder pressure development and brake thermal efficiency.
Particular attention was devoted to assessing the capability of the
numerical model to reproduce the observed combustion behaviour
and to identifying parameters relevant for future model-based engine
control systems.

The results demonstrated that hydrogen addition significantly
modifies combustion dynamics. The heat release rate analysis
revedled that increasing the hydrogen fraction accelerates
combustion and shifts the peak heat release rate towards earlier
crank angles. Compared to low-hydrogen operation, the hydrogen-
rich fud blend exhibited a heat release peak occurring
approximately 5°CA earlier, indicating faster flame propagation and
shorter combustion duration. This behaviour was reflected in the
pressure devel opment, where earlier combustion phasing resulted in
an earlier occurrence of maximum cylinder pressure.

The comparison between experimental and simulated pressure traces
confirmed the validity of the developed numerical model. Although
the simulation dlightly overpredicted the maximum cylinder
pressure, the overall agreement between measured and predicted
pressure evolution was very good. The model successfully
reproduced the main combustion characteristics and captured the
influence of hydrogen concentration on pressure development
throughout the engine cycle.

The brake thermal efficiency analysis showed that hydrogen
enrichment not only improved combustion stability but also shifted
the optimum operating point towards leaner mixtures. While the
maximum efficiency for low-hydrogen blends was achieved at
approximately A = 1.4, hydrogen-rich mixtures reached their highest
efficiency at approximately A = 1.6. The highest brake thermal
efficiency approached 38 %, confirming the potential of hydrogen-
assisted combustion for improving engine performance under |ean-
burn conditions.

The obtained results indicate that future hydrogen-gasoline engines
will require adaptive control strategies capable of responding to
changing combustion characteristics and fuel composition. The
validated numerica model developed in this work provides a
suitable foundation for the future development of model-based
combustion control systems and split-injection fuel delivery
strategies. Future research will focus on integrating predictive
combustion models into advanced engine control algorithms capable
of optimizing injection timing, fuel distribution and ignition control
under dynamically changing operating conditions.
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