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V1_/ DroS¢ak, Martin (Autor) [UKOPDDPP] (33%) - Fuchsova, Méaria (Autor) [UKOPDDPP] (40%) - Rochovska, Ivana
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The monograph is published as part of the national project VEGA grant 1/0033/22 "Research-oriented teaching in
mathematics, science and technical education”. The project dealt with the issue of research-based education in the
higher education of primary education teachers. The benefits of research-based education have been confirmed by
numerous research studies. However, the need to address the implementation of research-based education in the
preparation of future primary education teachers was identified. It is obvious that if students, future teachers, really
experience how their prejudices change during research-based activities, how their relationship to science and
science education changes during these activities, and how their research competencies change and they acquire
scientific work skills, they will be convinced that it makes sense to apply these approaches to their own pedagogical
practice.

40% of the author's contribution consisted of an analysis of teaching with a research approach focusing on the
competences of university teachers for research activities in the field of living nature (structure and function of the
heart, germination and growth of plants, natural community). The analysis of teaching also provides student teachers
with a concrete example of how to develop their abilities: 1. introduce students to the issue and justify the
implementation of research activities; 2. motivate students to learn; 3. integrate interdisciplinary knowledge and apply
interdisciplinary relationships; 4. manage the process of teaching research activities on a scientific basis; 5. draw
conclusions from research activities and interpret the course and results of research activities; 6. diagnose the
acquired curriculum and 7. respect the different learning styles of students.
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The monograph deals with the issue of research-based education in the higher education of primary education
teachers. The content of the study is an analysis of teachers' pedagogical practices from the point of view of applying
research competencies and identifying the views of student teachers on the research approach in science education
at universities in the primary education program. In addition, an analysis of the teacher's research competencies was
carried out in the topics 1. Pulley, 2. Structure and function of the heart, 3. Classification of animals, 4. Conditions for
plant growth and 5. Natural community of our school. The monograph is primarily intended for experts dealing with the
pedagogical theory of primary science education. Its aim is to contribute to knowledge in the field of science education
based on the research approach in the higher education of future teachers.

The monograph deals with the issue of research-based education in the higher education of primary education
teachers. The content of the study is an analysis of teachers' pedagogical practices from the point of view of applying
research competencies and identifying the views of student teachers on the research approach in scientific education
at universities in the primary education program. In addition, an analysis of the teacher's research competencies was
carried out in the topics 1. Pulley, 2. Structure and function of the heart, 3. Classification of animals, 4. Conditions for
plant growth and 5. Natural community of our school. The monograph is primarily intended for experts dealing with the
pedagogical theory of primary science education. Its aim is to contribute to knowledge in the field of scientific
education based on the research approach in the higher education of future teachers.

The result of the monograph is a specification of research-oriented teaching for students of the primary pedagogy
study program. By analyzing teaching with a research approach focusing on the competences of university teachers
for research activities, the publication provides a concrete example for student teachers on how to develop their
abilities: 1. introduce students to the issue and justify the implementation of research activities; 2. motivate students to
learn; 3. integrate interdisciplinary knowledge and apply interdisciplinary relationships; 4. manage the process of
teaching research activities on a scientific basis; 5. draw conclusions from research activities and interpret the course
and results of research activities; 6. diagnose the acquired curriculum and 7. respect the different learning styles of
students. The research confirmed that the research approach in undergraduate teacher training has proven to be
effective. Students have acquired relevant knowledge, skills and competences for inquiry-based teaching and this
approach can be applied further. It can be expected that students will also apply the inquiry-based approach in their
future teaching practice.
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The scientific study is a partial output of the national projects KEGA grant 026UK-4/2022 "Concept of constructionism
and augmented reality in STEM education (CEPENSAR)" and VEGA grant 1/0033/22 "Research-oriented teaching in
mathematics, science and technology education”. The study is therefore based on the issue of research-based
education in the higher education of primary education teachers, while the research activities using augmented reality
methods were based on the interdisciplinary approach of STEM education. The study of science and technology and
the support of critical thinking are important for the development of the whole society. Nowadays, there is a social
need to improve the teaching of science and technology subjects in the context of STEM education at every level,
from pre-primary to university. The aim of the study is therefore to implement the phenomenon of augmented reality
into constructionist-oriented education.

The 70% contribution of the author consisted in the design and implementation of research-oriented activities using
augmented reality methods, which were based on the interdisciplinary approach to STEM education. The author's
contribution included a subsequent analysis of research on the attitudes of future teachers towards the use of modern
technologies, which affect the possibility of implementing new methods in primary education.

Technological progress affects various areas of life, such as the economy, healthcare or education, which inevitably
requires that experts from the given fields adapt to the given changes. New technologies with modern teaching
methods in education are often motivating and attractive for students. We therefore consider it important that new
teaching methods using modern technologies be part of the preparation of students for their future teaching
profession. The attitudes of future teachers towards the use of modern technologies affect the possibility of
implementing new methods in primary education. However, the correct and appropriate implementation of modern
technologies in education necessarily depends on the students' previous knowledge and experience with the given
subject topic in which modern technologies can be used. The introduction of modern technologies into the teaching of
future primary education teachers therefore necessarily requires a sufficient understanding of the content of the
subject in which the given technology will be implemented.

Technological progress affects various areas of life, such as the economy, healthcare or education, which necessarily
requires experts from the given fields to adapt to the given changes. New technologies with modern teaching methods
in education are often motivating and attractive for students. We therefore consider it important that new teaching
methods using modern technologies be part of the preparation of students for their future teaching profession. The
attitudes of future teachers towards the use of modern technologies affect the possibility of implementing new
methods in primary education. However, the correct and appropriate implementation of modern technologies in
education necessarily depends on the students' prior knowledge and experience with the given subject topic in which
modern technologies can be used. Therefore, the introduction of modern technologies into the teaching of future
primary education teachers necessarily requires a sufficient understanding of the content of the subject in which the
given technology will be implemented.

The study confirmed that teaching biology using modern digital technologies is more motivating for student teachers.
In addition, the augmented reality method brings visualization of abstract concepts, which makes it easier to
remember more complex biological structures and explain physiological relationships. The research also pointed out
the possibilities of using specific digital technology in primary science education, while revealing the limits that new
technology brings in science teaching. As part of the research, students strengthened their digital skills, which they
will use in future pedagogical practice.
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ADN_/ Fuchsovéa, Méria (Autor) [UKOPDDPP] (50%) - Korefiov4, Lilla (Autor) [UKOPDDPP] (50%): Visualisation in
basic science and engineering education of future primary school teachers in human biology education using
augmented reality. — text, tab., obr. — DOI 10.13187/ejced.2019.1.92. — SCO ; WOS CC ; ESCI. In: European journal
of contemporary education [textovy dokument (print)] [elektronicky dokument] . — Bratislava (Slovensko) : Academic
Publishing House Researcher. — ISSN 2304-9650. — ISSN (online) 2305-6746. — Ro¢. 8, ¢. 1 (2019), s. 92-102
[tlacend forma] [online]

A+

The study is a partial output of the national project KEGA grant U12UK-4/2018 entitled "Concept of constructionism
and augmented reality in the natural science and technical field of primary education (CEPENSAR)". Nowadays, there
is a social need to improve the teaching of natural science and technical subjects in primary education in accordance
with the new State Educational Program, in the context of social constructionism and current trends in the application
of digital technologies in teaching with an emphasis on the phenomenon of augmented reality. The addition of
augmented reality, which we evaluate in the study, allowed for a better understanding of the contents of several
natural science and technical topics, and thus also supported the development of students' critical and evaluative
thinking.

The 50% share of the author's contribution consisted in the design and implementation of activities using augmented
reality methods based on constructivist concepts and the subsequent qualitative analysis of the impact of modern
digital technologies on the way of students' critical thinking and cooperation in learning complex biological concepts
and understanding mutual physiological relationships.

Pedagogical practice confirms that new technologies with modern teaching methods should be implemented already
in the university training of future primary education teachers. These technologies contribute to the attractiveness of
the study and bring students greater motivation to understand the concepts. The main focus of this study is
visualization in education in the field of natural and technical sciences using augmented reality in the context of
teaching biology based on constructivist concepts. The study focuses on the perception of this method by future
teachers at the first level of primary schools who will teach biology as one of the areas of primary education. Last but
not least, the work brings an example of the use of augmented reality applications with biological themes, which
appear to be interesting, enriching and beneficial in the context of teaching biology. The conclusions of the study
confirmed that the use of modern technology methods in education leads to a deeper understanding of complex
concepts and students' motivation to learn increases. The students were motivated by the new method, they
collaborated very well, and the learning was constructive.
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2025 [01/20] / CHE - Czok, Valerie - Weitzel, Holger. Impact of Augmented Reality and game-based learning for
science teaching [elektronicky dokument]: lessons from pre-service teachers. DOI 10.3390/app15052844. In: Applied
sciences. Bazilej: Multidisciplinary Digital Publishing Institute, 2025, Ro€. 15, €. 5, art. no. 2844, s. [1-24] [online].
ISSN (online) 2076-3417. - WOS CC ; CCC ; SCO; OA,s. 1
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10.1038/s41598-025-02090-z In: Scientific reports. Londyn: Springer Nature. Nature Publishing Group, 2025, Ro¢. 15,
€. 1, art. no. 17129, s. [1-16] [online]. ISSN (online) 2045-2322. - SCO ; WOS CC ; CCC ; OA;s. 2

2025 [01/20] / CHE - Montero-lzquierdo, Ana Isabel - Jeong, Jin Su - Gonzalez-Gomez, David.A ugmented reality 3D
multibase blocks at the future classroom lab through active methodology [elektronicky dokument]: analyzing pre-
service teachers' disposition in mathematics course. DOI 10.3390/educsci15080954 In: Education sciences. Bazilej:
Multidisciplinary Digital Publishing Institute, 2025, Roc. 15, €. 8, art. no. 954, s. [1-19] [online]. ISSN (online) 2227-
7102. - WOS CC ; ESCI, s. 4,13

2025 [01/20] / USA - Parlar, Busra - Sutcu, Selim Soner. The effects of Augmented Reality in situated English
language learning [elektronicky dokument]. DOI 10.1111/jcal.70041 In: Journal of Computer Assisted Learning.
Hoboken: John Wiley & Sons. Wiley-Blackwell, 2025, Roc¢. 41, €. 3, art. no. €70041, s. [1-15] [tlatena forma] [online].
ISSN 0266-4909. ISSN (online) 1365-2729. - SCO ; WOS CC ; CCC; OA,s. 1

2024 [01/20] / USA - Aldeeb, Fatimah H. - Sallabi, Omar M. - Elaish, Monther M. - Hwang, Gwo-Jen.E nhancing
students' learning achievements, self-efficacy, and motivation using mobile augmented reality [elektronicky
dokument]. DOI 10.1111/jcal.12989 In: Journal of Computer Assisted Learning. Hoboken: John Wiley & Sons. Wiley-
Blackwell, 2024, Ro€. 40, €. 4, s. 1823-1837 [tlacena forma] [online]. ISSN 0266-4909. ISSN (online) 1365-2729. -
WOS CC; SSCI, s. 1823 - 1837

Pedagogical practice confirms that new technologies with modern teaching methods should be implemented already
in the university training of future primary education teachers. These technologies contribute to the attractiveness of
the study and bring students greater motivation to understand concepts. The main focus of this study is visualization
in education in the field of natural and technical sciences using augmented reality in the context of teaching biology
based on constructivist concepts. The study focuses on the perception of this method by future teachers at the first
stage of primary schools who will teach biology as one of the areas of primary education. Last but not least, the work
brings an example of the use of augmented reality applications with biological themes, which appear to be interesting,
enriching and beneficial in the context of teaching biology. The conclusions of the study confirmed that the use of
modern technology methods in education leads to a deeper understanding of complex concepts and students'
motivation to learn increases. The students were motivated by the new method, they collaborated very well, and the
learning was constructive.

A study focused on the use of mobile technologies, manipulative activities and visualization in science education
using constructivist concepts confirmed higher student motivation to learn. The application of the modern method of
augmented reality in education strengthens the understanding of complex concepts, students are creative, cooperate
very well and learning becomes constructive. The study confirmed that teaching biology using modern digital
technologies is more motivating for student teachers. The method of augmented reality brings visualization of abstract
concepts, which makes it easier to remember more complex biological structures and explain physiological
relationships. As part of the research, students strengthened their digital skills, which they will use in future
pedagogical practice.
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AEC_/ Fuchsova, Méria (Autor) [UKOPDDPP] (55%) - Adamkova, Miriam (Autor) (25%) - PirhaCova LapSanska,
Miroslava (Autor) (20%): Uses of augmented reality in biology education. — text, tab., obr. — [recenzované]. — DOI
10.1163/9789004408845 008. — WOS CC ; SCO. In: Augmented reality in educational settings [textovy dokument
(print)] [elektronicky dokument] / Prodromou, Theodosia [Zostavovatel, editor]. — 1. vyd. — Leiden (Holandsko) : Brill,
2020. — ISBN 978-90-04-40883-8. — ISBN 978-90-04-40882-1. — ISBN 978-90-04-40884-5, s. 168-194 [tlacena forma]
[online]

A+

The study is a partial output of the national project KEGA grant U12UK-4/2018 entitled "Concept of constructionism
and augmented reality in the natural science and technical field of primary education (CEPENSAR)". The project is
focused on the possibilities of solving the below-average results obtained by Slovak students in international
measurements of natural science literacy, and is also highly topical in view of the general statements of the low level
of technical education of our children and youth, which implies a social need to improve the teaching of natural
science and technical subjects in primary education in the context of social constructionism and current trends in the
application of digital technologies in teaching. The addition of augmented reality, which we evaluate in the study, has
enabled a better understanding of the content of several natural science and technical topics, and thus also to support
the development of students' critical and evaluative thinking.

The share of 55% of the author's contribution consisted in the analysis of the issue of the use of digital technologies in
teaching at various levels, from primary education to university training of students, future teachers of primary
education. The analysis includes an overview of the latest freely available applications of augmented reality, whose
functions seem to be interesting and beneficial in the context of teaching biology at various levels. Last but not least,
the author's contribution includes the design, implementation of activities using methods of augmented reality based
on constructivist concepts and the subsequent analysis of the impact of the given technology on the way of critical
thinking and cooperation of students in learning complex biological concepts and understanding mutual physiological
relationships.

One of the options to increase the attractiveness of STEM subjects among children and students, the future workforce
from generations Z and Alpha, is to use various innovative and engaging methods in teaching STEM subjects.
Information technologies provide us with many opportunities in the field of education, one of which is augmented
reality. The quantitative results of the study indicate that educational systems based on augmented reality
successfully stimulate positive emotions and improve students' learning outcomes. In addition, augmented reality
technology supports students in a comprehensive understanding of the essence of a subject such as biology. Based
on the experiments of previous authors, we believe that augmented reality can be used in the field of anatomy,
morphology and physiology of humans, animals or plants, not only in secondary education, but also in primary
education.
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2024 [01/20] / GBR - Korefova, Lilla - Guncaga, Jan - Zilkovéa, Katarina - Totkovi€ova, Martina.A ugmented Reality for
exploring solids [elektronicky dokument]: a study on improving pre-service teachers . DOI 10.34190/ecel.23.1.2892 In:
Proceedings of the 23rd European Conference on e-Learning - ECEL 2024. Reading: Academic Conferences
International Limited, 2024, s. 187-196 [tlacena forma] [online]. ISBN 978-1-917204-21-7. ISBN (online) 978-1-
917204-22-4. - WOS CC ; CPCI-S ; CPCI-SSH ; SCO, s. 189

2023 [01/20] / NLD - Marin-Marin, Jose-Antonio - Lopez-Belmonte, Jesus - Pozo-Sanchez, Santiago - Moreno-
Guerrero, Antonio-Jose. Attitudes towards the development of good practices with augmented reality in secondary
education teachers in Spain [elektronicky dokument]. DOI 10.1007/s10758-023-09671-9 . In: Technology, Knowledge
and Learning. [s.l.]: Springer Nature. Springer International Publishing AG, 2023, RocC. 28, € 4, s. 1443-1459. ISSN
2211-1662. ISSN (online) 2211-1670. - WOS CC ; ESCI, s. 1443 - 1459

2021 [01/20] / CHE - Fraile-Fernandez, Fernando J. - Martinez-Garcia, Rebeca - Castejon-Limas, Manuel.
Constructionist learning tool for acquiring skills in understanding standardised engineering drawings of mechanical
assemblies in mobile devices [elektronicky dokument]. DOI 10.3390/su13063305 In: Sustainability. Bazilej:
Multidisciplinary Digital Publishing Institute, 2021, Roc. 13, €. 6, art. no. 3305, s. [1-31] [online]. ISSN (online) 2071-
1050. - WOS CC; SCO ; CCC, s. [1 - 31]

2021 [03/12] / ESP - Korenova, Lilla - Zemanova, Renata - GaSparova, Eva. Building mathematical images in frame of
distance learning at kindergarten due to COVID-19 pandemic. DOI 10.21125/edulearn.2021.2509. In: EDULEARN21:
13th annual International Conference on Education and New Learning Technologies, Barcelona, 5th - 6th of July,
2021. Barcelona: IATED, 2021, s. 12015-12024 [CD-ROM] [USB kIUc]. ISBN 978-84-09-31267-2. ISSN 2340-1117. -
WOS CC, s. 12015 - 12024

2020 [01/12] / GBR - Baran, Bahar - Kaptanoglu, Sirin Nur - Esen, Erol - Siyez, Digdem Muge.R eproductive System
Augmented Reality Application for Sexual Health Classes [elektronicky dokument]. DOI
10.1080/19317611.2020.1825028 In: International journal of sexual health: official journal of the World Association for
Sexual Health. Abingdon: Taylor & Francis Group. Routledge, 2020, Ro¢. 32, €. 4, 408-420 [tlacené& forma] [online].
ISSN 1931-7611. ISSN (online) 1931-762X. - SCO ; WOS CC, s. 408 - 420

One of the ways to increase the attractiveness of STEM subjects among children and students, the future workforce of
Generations Z and Alpha, is to use various innovative and engaging methods in teaching STEM subjects. Information
technologies provide us with many opportunities in the field of education, one of which is augmented reality. The
quantitative results of the study indicate that educational systems based on augmented reality successfully stimulate
positive emotions and improve students' learning outcomes. In addition, augmented reality technology supports
students in a comprehensive understanding of the essence of a subject such as biology. Based on the experiments of
previous authors, we believe that augmented reality can be used in the field of anatomy, morphology and physiology
of humans, animals or plants, not only in secondary education, but also in primary education.

The study focuses on students' awareness of augmented reality applications, their engagement in the use of new
modern technology, as well as their attitude and willingness to use and incorporate them into education, taking into
account the developmental stages of children's thinking. The work provides an overview of the latest freely available
augmented reality applications, whose functions seem to be interesting and beneficial in the context of biology
teaching at different levels.
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The university textbook "Somatic development of a child and its disorders using modern educational technologies"
was created with the support of grants and is also a partial output of the projects KEGA012UK-4/2018 "Concept of
constructionism and augmented reality in the natural science and technical field of primary education (CEPENSAR)",
KEGA 049UK-4/2019 "Possibilities and limits of integrated/inclusive education of pupils with sensory disabilities" and
VEGA 1/0582/18 "Identification, analysis and description of special educational needs of individuals with health
disabilities in productive age in the process of objective and subjective evaluation of their further education options in
Slovakia - research analysis". The textbook offers teaching content for subjects focused on the physiological and
pathological growth and development of the child's organism, which serves as a biological basis for students of
teaching specialization, future teachers, or special educators working in elementary schools and kindergartens.

The share of 100% of the author's contribution consisted in the analysis of the issue of physiological and pathological
growth and development of children as part of the biological basis for the education of teachers of primary and special
pedagogical education. Part of the author's contribution is the design of activities that make the issue accessible
through modern educational technologies in the form of mobile applications that allow students to better understand
the concepts and phenomena of more complex anatomical and physiological processes taking place in the developing
child's organism.

The university textbook emphasizes the importance of children's somatic development for the preparation of future
teachers with a pedagogical focus. The publication contributes to increasing the professional competences of
teachers, supports the connection of theoretical knowledge with practice and increases the quality of education in the
field of biology and pedagogy. The inclusion of examples of the use of modern technologies (interactive visualizations,
digital models and applications) allows for more effective communication of complex biological concepts and
relationships, thereby increasing the attractiveness and accessibility of education. The output processed in this way
has a direct impact on improving the quality of the teaching process, supporting innovative approaches and, on a
broader scale, on the preparation of a qualified workforce in the field of education.

The university textbook emphasizes the importance of children's somatic development for the preparation of future
teachers with a pedagogical specialization. The publication contributes to increasing the professional competences of
teachers, supports the connection of theoretical knowledge with practice and increases the quality of education in the
field of biology and pedagogy. The inclusion of examples of the use of modern technologies (interactive visualizations,
digital models and applications) allows for more effective communication of complex biological concepts and
relationships, thereby increasing the attractiveness and accessibility of education. The output processed in this way
has a direct impact on improving the quality of the teaching process, supporting innovative approaches and, on a
broader scale, on the preparation of a qualified workforce in the field of education.

The presented university textbook is intended for students of pedagogical specialization, future teachers of primary
and kindergarten schools and special primary and kindergarten schools. The study issues are made accessible
through modern educational technologies in the form of mobile applications, which allow students to better understand
the concepts and phenomena of more complex anatomical and physiological processes taking place in the developing
child's organism.
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