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Education is a constantly evolving field that encompasses
various approaches to teaching and learning. In our paper,
we focused on qualitative research conducted with future
primary level teachers using a STEAM (Science,
Technology, Engineering, Arts and Mathematics) approach.
The research involved classroom observation, analysis of
the student work, and obtaining interpretations from the
students via report protocols and focused interviews. We
examined the students’ learning and problem-solving
strategies within STEAM-based activities as well as their
perspectives on its use in primary education. Students
participated in the research activity in two stages. In the first
stage, further referred to as Activity 1, they followed a
predetermined algorithm, instructions to construct an
electronic device. The instructions for this device were
developed to serve as a resource for primary education and
to prepare the students for the second stage. In the second
stage, further known as Activity 2, the students were tasked
with creating a new electronic device together with providing
the instructions. The new device was required to have a
practical application. Following the completion of these
activities, we collected and analyzed the procedural
reflections and didactic interpretations from students. Within
these interpretations, we also sought their opinions on how
STEAM projects like these could help develop various
aspects of STEAM competencies in children such as
technical skills and knowledge, algorithmic thinking, and
device architecture as well as mathematical and scientific
thinking.



Implementé&cia inovativnych pristupov vo vzdelavani STEM
na primarnej rovni podporuje rozvoj kritického myslenia a
technickych zru€nosti u Ziakov. To zvySuje ich zaujem o
technické a prirodovedné discipliny, o méZze viest k
vacSiemu poctu odbornikov v tychto oblastiach. Takyto trend
prispieva k inovaciam a hospodarskemu rastu spoloc¢nosti.
Implementing innovative approaches in primary STEM
education fosters critical thinking and technical skills among
students. This enhances their interest in technical and
scientific disciplines, potentially leading to a greater number
of professionals in these fields. Such a trend contributes to
societal innovation and economic growth.

Implementéacia inovativnych pristupov vo vzdelavani STEM
na primarnej Grovni, ako je integracia technickych pomécok a
projektovo orientovaného ucenia, ma pozitivny dopad na
vzdelavaci proces. Tieto metddy podporuju rozvoj kritického
myslenia, kreativity a schopnosti rieSit problémy u Ziakov,
€im zvySuju ich motivaciu a zaujem o technické a
prirodovedné discipliny. Takyto pristup mdZze viest k
zvySeniu poctu Studentov, ktori sa rozhodnu pre kariéru v
oblastiach STEM, €o je nevyhnutné pre inovéacie a
hospodarsky rast.

Implementing innovative approaches in primary STEM
education, such as integrating technical aids and project-
based learning, positively impacts the educational process.
These methods foster the development of critical thinking,
creativity, and problem-solving skills among students,
enhancing their motivation and interest in technical and
scientific disciplines. Such an approach can lead to an
increased number of students pursuing careers in STEM
fields, essential for innovation and economic growth.
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The COVID-19 pandemic demonstrated the importance of
textbooks. They helped the learners to continue their
learning in time of lockdowns. The period also raised a
question: What features has to have a textbook to support
learning in learner’s full or partial isolation? The objective is
to identify textbook’s concepts and style leading to the
isolated learner’s outcomes equivalent to those in-classroom
education. The methodology has a qualitative approach; we
confront subjects’ learning objectives and textbooks’ content,
in particular, the presence of relevant explicit and tacit
knowledge. Explicit knowledge is always present because it
consists of texts, illustrations, etc. Authors may forget about
or occasionally neglect tacit knowledge: best practices and
heuristics. The learners then cannot receive their subject’s
holistic knowledge, because they are unable to complete
mental lifts between Revised Bloom’s Taxonomy'’s levels. As
results key features of mental lifts are identified. Based on
them, strategies helping to balance explicit and tacit
knowledge necessary for achieving subject’s learning
objectives are provided. The appropriateness of the
balancing strategies is discoursed using examples from two
distant subjects: Poetry and Geometry. In a stepwise
manner, these examples address all mental lifts and show
how such sequences can expand the learner’'s knowledge.
To conclude the discussion demonstrated the suitability of
exploiting complete sets of mental lifts. The authors can use
it to make certain that no relevant tacit knowledge will absent
in their materials.
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Vystupy skiimania sa vyznamne premietaju do spolo¢ensko-
hospodarskej praxe, pricom prispievaju k rozvoju efektivneho
riadenia poznatkov a zlepSovaniu vzdelavacich procesov. V
oblasti vzdelavania poskytujui navrhy pre optimalizaciu
ucebnych materiélov, ktoré podporuju rozvoj explicitnych aj
implicitnych znalosti. Tieto poznatky mézu byt aplikované v
tvorbe ucebnic a didaktickych pomdcok, o vedie k zvySeniu
kvality vzdelavania nielen v tradi¢nych triedach, ale aj v
online prostredi. Zaroven vysledky pomahaju lepSie
porozumiet' vzdelavacim potrebam v izolovanych alebo
hybridnych prostrediach, ¢im podporuju socialnu inkldziu a
zniZuji nerovnosti v pristupe k vzdelaniu. V hospodarskej
sfére mdzu byt aplikované principy riadenia poznatkov
vyuzité na zvySenie produktivity a inovéacie, ¢i uz v oblasti
vzdelavacich technoldgii alebo pri tvorbe politik
podporujlcich celoZivotné vzdelavanie. The research
outputs have a significant impact on socio-economic
practice, contributing to effective knowledge management
and the improvement of educational processes. In the field
of education, they offer proposals for optimizing teaching
materials that foster the development of both explicit and
tacit knowledge. These findings can be applied to the
creation of textbooks and educational tools, thereby
enhancing the quality of education not only in traditional
classrooms but also in online settings.
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Vystupy a suvisiace aktivity vyznamne prispievaju k
zvySovaniu kvality vzdelavacieho procesu. Podporuju
zavadzanie inovativnych pristupov, ktoré kombinuju
explicitné a implicitné poznatky, ¢im umoZzfuju Studentom
efektivnejSie rozvijat svoje schopnosti. Doraz na vyuZzivanie
metodik, ako je konStruktivizmus alebo problematické
ucenie, vedie k aktivnemu zapojeniu Studentov do procesu
ucenia a k rozvoju ich kritického myslenia. Tieto aktivity
zaroven poskytuju nastroje na tvorbu modernych ucebnych
materiélov, ktoré reflektuji potreby aktualnej praxe vo
vzdelavani.
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Currently, there is a need to develop digital competencies
already because they are included in the new curriculum.
This article explores the field of augmented reality (AR) and
its educational potential to bolster digital literacy in primary
education. The core objective is to scrutinize the suitable
use of AR-integrated mobile applications in primary
schooling, spotlighting widely adopted apps and their
practical applications. The article underscores digital literacy
as a key competence for children’s self-directed future
learning. In our research we used a combination of
qualitative and quantitative research approaches. It seeks to
identify the impacts and benefits of AR in primary school
settings. In a natural didactic context, it is conducted as
action research. The methodology includes direct
observation of pupils engaging with the AR app Quiver
during educational tasks, complemented by discussions with
their teacher as a focus group. Additionally, the study
gathers insights from parents via questionnaires based on
their perceptions of AR in education. The analysis of the
interview data utilizes the open coding technique to interpret
the findings. The relevance of the research was confirmed
by the consistency of results when transitioning from onsite
to online learning environments. The study showed that AR
engagement helped to increase the digital literacy of the
participating pupils, showing high levels of engagement,
motivation and collaborative communication.

Implementéacia rozSirenej reality (AR) v primarnom
vzdelavani prinaSa vyznamné pozitivne dopady na
spolocensko-hospodarsku prax. ZlepSovanim digitélnej
gramotnosti uz od raného veku podporuje rozvoj klticovych
kompetencii, ktoré st nevyhnutné pre integraciu jedinca do
modernej digitalnej spolocnosti. Vysledky vyskumu ukazujd,
Ze AR aplikacie zvysuju motivaciu a zapojenie ziakov, ¢im
posilfiuju ich schopnost u€it sa samostatne a efektivne
komunikovat. Tieto technol6gie m6Zu byt zaroven
aplikované v inych sektoroch, napriklad v tréningu
zamestnancov alebo pri tvorbe interaktivnych vzdelavacich
materialov, €im prispievaju k hospodarskej inovacii a rastu.

Vystupy a suvisiace aktivity prispeli k modernizacii
vzdelavacieho procesu prostrednictvom integracie rozSirenej
reality (AR) do vyucovania. Tato technoldgia podporuje
interaktivne a zazitkové ucenie, ¢im zvySuje motivaciu a
angazovanost Ziakov. AR aplikacie umoznuju lepSie
pochopenie abstraktnych pojmov a podporuju rozvoj
kritického myslenia, kreativity a spoluprace medzi Ziakmi.
Tieto inovacie zaroven poskytuju ucitelom nastroje na
individualizaciu a diferenciaciu vyucby, ¢im zlepSuja kvalitu
vzdelavacieho procesu.
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This research explores the integration of Computer Algebra
Systems (CAS), specifically Mathematica, into the teaching
of probability theory and related probabilistic subjects. The
study emphasizes the advantages of CAS-based tools,
including enhanced visualization, simplified computation, and
the ability to analyze complex mathematical concepts
efficiently. The implementation of CAS facilitates
independent learning, fosters critical thinking, and saves time
for both students and educators. The research highlights
various teaching scenarios and provides examples of CAS
applications, such as interactive templates for solving tasks
and graphical representations of statistical concepts. Using
CAS tools, students gain a deeper understanding of abstract
topics, such as conditional probability density functions,
random processes, and distribution laws. The study also
analyzes student feedback on the usability and impact of
CAS-based teaching methods. While students recognize the
benefits of interactive tools, challenges such as insufficient
familiarity with CAS and device compatibility are noted. The
findings underscore the need for early integration of CAS in
academic curricula and the adaptation of materials for mobile
platforms. Overall, the research demonstrates that CAS tools
significantly improve the quality of education in technical and
mathematical disciplines, preparing students for professional
applications in engineering and data analysis.
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Vystup prinasa vyznamné prinosy pre spolo¢ensko-
hospodarsku prax tym, Ze podporuje vyuzivanie
inovativnych vzdelavacich technologii, ako su systémy CAS
(Computer Algebra Systems). Tieto technolégie umoziuju
efektivnejSie vzdelavanie prostrednictvom vizualizécie a
automatizacie zlozitych matematickych vypoctov. ZlepSenie
matematickej gramotnosti a schopnosti kritického myslenia u
Studentov vedie k ich lep3ej pripravenosti na potreby
pracovného trhu. CAS navySe zniZuje ¢asovl narocnost
vzdelavacich procesov a ulahcuje tvorbu inovativnych
vzdelavacich materialov, o mdze byt aplikované aj v inych
odvetviach, ako su priemysel a ekonomika.



Vystupy a suvisiace aktivity vyznamne zlepSuju vzdelavaci
proces prostrednictvom zavadzania inovativnych nastrojov,
ako su systémy CAS (Computer Algebra Systems). Tieto
technol6gie umoznuji Studentom lepSie porozumiet zloZitym
matematickym konceptom vdaka vizualizacii a interaktivnym
nastrojom na rieSenie Uloh. CAS zefektiviiuje vyucbu tym, ze
zniZuje €as potrebny na rutinné vypocty a poskytuje priestor
na hlbsie porozumenie teoretickych principov. Studenti sa
aktivnejSie zapéjaju do procesu ucenia, ¢o vedie k rozvoju
ich analytickych a kritickych schopnosti, a ucitelia ziskavaju
efektivne nastroje na individualizaciu a diferenciaciu vyucby.
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The chapter is devoted to the application of augmented
reality (AR) in teacher-training programmes at universities.
The first part describes the opportunities of future
mathematics teachers at the Faculty of Mathematics,
Physics and Informatics of Comenius University in Bratislava
to work with digital technologies. The second, main part,
describes the research of the AR application: Augmented
Polyhedrons — Mirage 2.2. We conducted two studies with 40
future teachers. Results support the suitability of the
selected application and AR in general. However, the
implementation has to be precise, with carefully chosen and
formulated tasks to solve. The last part of the chapter
summarizes useful AR applications for secondary schools.
- “‘

| »
Je potrebné implementovat nové technoldgie s modernymH |
sposobom vyucby vo vysokoSkolskom Studiu. DoleZitou
slcastou je ucitel'ské Stadium. Tieto technolégie
zatraktiviuja Stadium a zaroven prinasaju vacsiu motivaciu
Studentom porozumiet’ pojmom. V naSom prispevku
prezentujeme technolégiu rozSirenej reality ako sucast
vyuzitia mobilnych technoldgii v matematickom vzdelavani
pre buducich ucitelov primarneho vzdelavania. Je opisané
experimentalne vyucovanie s aplikaciou Augmented
polyhedron so Studentmi - buddcimi ucitelmi primarneho
vzdelavania./




Clanok poukazuje na vyuzitie rozsirenej reality v priprave
buddcich ucitelov primarneho vzdelavania. Poskytuje priklad
realizacie pedagogického experimentu z oblasti vyuzitia
aplikacii rozSirenej reality v primarnom vzdelavani, ktory
mdze Student-doktorand realizovat’ a kriticky vyhodnotit. Je
snahou podporit’ u Studentov schopnost’ identifikovat
vedecky a inovacny vyvoj implementacie rozSirenej reality v
oblasti primarneho matematického vzdelavnia.
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