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REFORM OF POLISH CHEMISTRY CORE CURRICULUM:
FUNDAMENTALS, GOALS, SOLUTIONS, AND OBSTACLES

Pawel Bernard?®, Maria Babin¢akova?

“Jagiellonian University in Krakow, Faculty of Chemistry, Department of Chemical Education,
ul. Gronostajowa 2, 30-387 Krakow, Poland

Abstract

We are living in a fast-changing world. Each year, new technologies become available, new
social media appear, and we face new global challenges. It is not surprising that with a changing
world, new generations of students enter schools. They have different life experiences, skills,
habits, and expectations. Therefore, educational systems must keep up to date and adjust to new
conditions. It is especially important for science subjects. In recent years, a decline in students’
interest in the sciences has been observed across all educational levels. The number of students
taking the chemistry matriculation examination (matura) over the past 10 years has decreased
by one-third, and this decline cannot be attributed to demographic factors. Furthermore, the
average score on the 2024 chemistry examination—38% (median: 33% )—further reinforces the
perception of chemistry as a difficult school subject.

In 2025, the reform of the Polish educational system began. First at the primary school level,
and next at secondary schools. Changes covered subjects taught, the number of science hours,
the approach to science education, and students' learning. During the lecture, the main ideas of
the new chemistry core curriculum for primary and secondary schools will be presented,
together with a discussion of teaching aims, content, and learning organization.

Keywords
primary school; secondary school; chemistry; curriculum; reform
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TRANSFORMING TEACHER EDUCATION FOR THE 21ST
CENTURY: A FIVE-YEAR PROFESSIONAL PROGRAMME
AND ITS COMPREHENSIVE EVALUATION

Lukas Rokos?

“Department of Biology, Faculty of Education, University of South Bohemia in Ceské Budéjovice,
Ceské Budeéjovice, Czechia, Lrokos@pf.jcu.cu

Abstract

The presentation offers a conceptual and empirical reflection on innovation in pre-service
teacher education, with a particular focus on science didactics. As of September 2026, the
Faculty of Education at the University of South Bohemia in Ceské Bud&jovice is implementing
a five-year professionally oriented master’s programme responding to curricular reform,
societal change, and the need for deeper integration of subject-specific, pedagogical-
psychological, and didactic components (Koldova, 2026).

A key premise of the model is the understanding of subject didactics as an integrative
framework linking content knowledge, pedagogical competences, and experiential learning
in authentic school settings. The programme is grounded in progressively structured reflective
practice, ranging from assistant ones to a clinical semester during which students become
members of a school’s professional community.

The presentation introduces the research project Teacher Education 5P, which systematically
evaluates this innovation. Using the CIPP model (Context, Input, Process, Product; Aziz, 2018;
Stufflebeam, 2015), the project tracks students’ competence development in alignment with the
Graduate Teacher Competency Framework (MSMT, 2023). A comparison with the traditional
model identifies benefits and limitations, particularly regarding didactic competence, self-
efficacy, and readiness for contemporary science teaching.

Based on initial findings, the paper discusses the model’s transformative potential within the
European context. It highlights subject didactics as a bridge between theory and practice
and emphasizes evidence-based approaches to quality assurance. Preliminary empirical results,
including a SWOT analysis focused on science education, are presented. The presentation wants
to stimulate discussion on whether systematically evaluated innovation in teacher education can
strengthen science didactics and the professional identity of future teachers.

Keywords
teacher education; professional competences; teaching practice; CIPP model; subject didactics
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FROM AUTOCLAVE TO QVEN: MAPPING INTRODUCTORY
LABORATORY COURSES IN CZECH CHEMISTRY TEACHER
EDUCATION

Martin Rusek?, TadeaS Matécha®

“Department of Chemistry and Chemistry Education, Faculty of Education, Charles University, Prague,
Czech Republic, martin.rusek@pedf.cuni.cz

Abstract

Experimental activities are a foundational component of chemistry teacher education, shaping
students’ practical skills, safety habits, and understanding of experimental work. Although
laboratory instruction has long been recognized as central to science education (Hofstein, 2004),
the effects and conceptualization of introductory laboratory courses for preservice chemistry
teachers remain underexplored. Moreover, available tools for assessing experimental activities
in chemistry education are fragmented and often capture only selected aspects of laboratory
work (Koperova, 2025).

This plenary presents findings from a national mapping of introductory laboratory technique
courses in Czech chemistry teacher education. Course syllabi were analysed to identify declared
aims, content, organization, and assessment approaches. Course coordinators from ten faculties
preparing future chemistry teachers then completed an informative questionnaire, which served
as a basis for follow-up semi-structured interviews focused on course conceptualization,
students’ laboratory work, task types, assessment practices, and expected learning outcomes.
The findings show that, despite local organizational differences, introductory laboratory
technique courses are conceptualized in a similar way across institutions. They commonly
emphasize laboratory safety, basic laboratory procedures, practical skills, and preparation for
subsequent laboratory courses. Differences mainly concern course scope, time allocation,
organization, and implementation strategies, while declared aims are largely consistent.
Assessment emerged as a comparatively underdeveloped component, often insufficiently
reflecting the breadth of declared educational goals. The presentation will also discuss emerging
findings on the effects of a laboratory course on students’ perceptions of meaningful laboratory
learning and the conative and affective dimensions of learning (Matécha, under review).

Keywords
chemistry teacher education; laboratory technique; introductory laboratory courses; pre-service
teachers; meaningful laboratory learning.
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EMULSIONS THROUGH STUDENTS' EYES: EVALUATION OF
INQUIRY-BASED LABORATORY ACTIVITY FOR K8-K12 STUDENTS

Maria Babin¢akova®, Monika Brzostowicz*?, Elzbieta Szostak®,
Joanna Hetmanczyk®, Pawet Bernard®

“Jagiellonian University, Doctoral School of Exact and Natural Sciences,
Prof. St. Lojasiewicza St 11, PL30348, Cracow, Poland
bJagiellonian University in Krakéw, Faculty of Chemistry, Department of Chemical Education,
ul. Gronostajowa 2, 30-387 Krakow, Poland

Abstract

Inquiry-based learning should be effectively implemented in schools today. However, it is
evident that we still need more ideas for activities and topics. Emulsions are fundamental
components of our daily lives and can be found in various products, including groceries like
milk, butter, mayonnaise, and vinaigrette, as well as cosmetics such as hair conditioners,
cleansing milks, creams, and body lotions. Additionally, emulsions have significant roles in
industry, appearing in medications, paints, and numerous other items. This wide range of
applications provides an intriguing context for introducing dispersion systems in chemistry
lessons.

While studying emulsions, students can observe the microscopic structure of a substance using
an optical microscope, helping them directly connect it to its macroscopic properties and
symbolic representation.

This article outlines a laboratory activity aimed at exploring how various factors—such as
composition, emulsifier type, and preparation method—affect both the type and stability of
emulsions. During this activity, students create a functional cosmetic: a moisturizing cream.
This hands-on experience has been tested with 328 upper-secondary school students (K11), and
its pedagogical effectiveness has been validated.

Keywords
high school; introductory chemistry; laboratory instruction, inquiry-based learning, colloids
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HISTORY OF CHEMISTRY AND BASIC CONCEPTS OF THE
MICROWORLD IN LOWER SECONDARY SCHOOL CHEMISTRY
TEXTBOOKS

Hana Cidlova?, Petra Kfivankova?, Barbora Valova?, Lubomir Prokes?

“Department of Physics, Chemistry and Vocational Education, Faculty of Education, Masaryk University, Brno,
Czech Republic, 761@mail. muni.cz, 252808@mail. muni.cz, 128520@mail.muni.cz, 18302@mail.muni.cz

Abstract

In our previous work (Cidlova and Kiivankova, 2014), we studied all available chemistry
textbooks for lower secondary schools published in our country between 1945 and 2012 in
terms of the occurrence of brief historical notes. In total, we analysed 48 textbooks. In the cited
work, we classified the notes about history of chemistry found in the textbooks into ten
categories (theories, laws, phenomena; obtaining substances; discoveries of substances; history
of the names of substances; biographies; historical use of substances; longer overviews; fire;
other facts; fictional content).

We are now analysing these data again, from a different and significantly more detailed
perspective. Our aim is to determine which historical notes, in what way, and in which
textbooks were used to introduce the basic concepts of the microworld, i.e., the concepts of
atom, molecule, element, and compound. Historical notes and overviews are relatively often
used as one of the common ways of introducing the concept of the atom, alongside analogies
from everyday life, a gradual approach to the idea of very small objects, or the direct
presentation of facts (Valova et al., in press).

Our work is part of a broader project focused on analysing the methods of introducing the basic
concepts of the microworld from various perspectives.

Keywords
chemistry education; microworld concepts; history; textbooks
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TEACHING CHEMISTRY AND NATURAL SCIENCES IN HOME
EDUCATION: THE EDUCATORS’ PERSPECTIVE

Marcela Feltlova?, Petr émejkala, Svatava Janouskova?

“Department of Chemistry Education, Faculty of Science, Charles University, Prague, Czech Republic,
marcela.feltlova@natur.cuni.cz

Abstract

Home education at the lower secondary level in the Czech Republic is increasing, reaching
2,553 students in the 2024/2025 academic year (CSU, 2025). While parental motivations for
homeschooling are widely documented (KaSparova, 2015, 2019; Kostelecka et al., 2023), the
specific didactic challenges, including those in science education, that these families face
remain underexplored. The educators are under no obligation to possess formal subject-matter
or pedagogical qualifications. Within this framework, this study aims to map families’ attitudes,
approaches, barriers, and real needs regarding chemistry education at the lower secondary level.
To explore and develop an explanatory model for this unexamined phenomenon, a qualitative
research design based on Grounded Theory (Strauss & Corbin, 1999) was employed, gathering
data through 12 in-depth, semi-structured interviews with parent-educators. The analysis
reveals that educators’ attitudes toward teaching chemistry are heterogeneous, spanning from
anxious resignation to expert sovereignty. Despite strong general motivation, some parents
experience a significant deficit in pedagogical content knowledge (PCK) in the exact sciences,
which is the primary obstacle in home chemistry education. To mitigate this PCK deficit,
parents frequently redefine their roles as educational managers. Depending on their level of
PCK, parent-educators employ diverse instructional strategies, ranging from either verbal-
theoretical textual reduction or extensive outsourcing via in-person or online tutors, to holistic,
project-based instruction and structured inquiry-based learning. Notably, the findings also
indicate that even expert parents can eventually succumb to “didactic fatigue” and regress
toward purely theoretical teaching.

Keywords
home education; science education; chemistry teaching; pedagogical content knowledge
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FROM ANSWER TO UNDERSTANDING: EXPLORING
CORRECTNESS, EXPLANATION, AND CERTAINTY IN CHEMICAL
REPRESENTATION TASKS

Lucie Hamersk4? Tereza Tesarkova?®, Martin Rusek®

“Department of chemistry and chemistry education, Charles University, Prague, Czech Republic,
lucie.hamerska@pedyf-cuni.cz, tereza.tesarkova@pedyf.cuni.cz, martin.rusek@pedf.cuni.cz

Abstract

This contribution follows our previous studies on first year pre-service chemistry teachers'
ability to interact with non-textual components in chemistry study materials (Hamerska et al.,
2025). It examines how first-year pre-service chemistry teachers work with chemical
representations (Johnstone, 1991) and whether correct answers reflect scientifically justified
understanding. The study involved 77 students from three Czech universities and used a four-
tier diagnostic instrument (Putica, 2023) combining answer selection, explanation, confidence
judgement, and familiarity. The tasks focused on three areas: macro—submicro transitions and
working with symbolic and submicro representations.

The results show that students were substantially more successful in selecting correct answers
than in providing scientifically adequate explanations. This diagnostic gap indicates that correct
answers may mask weak conceptual understanding. The most accessible task involved a basic
macro—submicro transition, whereas acid-base particle reasoning and some structural-
representational tasks were more problematic. Confidence judgement provided additional
insight: students’ confidence in explanations reflected their actual performance better than
confidence in answer selection.

Qualitative analysis of incorrect explanations revealed three broader weaknesses: surface
reading of particle models, failure to coordinate multiple variables, and limited use of structural
representations as reasoning tools. The findings suggest that representational competence is not
purely item-specific and should be explicitly supported in chemistry teacher education

Keywords
chemistry education; representational competence; pre-service teachers; multi-tier test;
misconceptions
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INTERNAL SPECIFICS OF SCIENTIFIC OBSERVATION
IN BIOLOGY EDUCATION

Filip Haspl?, Karel Vojit*

“Department of Biology and Environmental Studies, Charles University, Prague, Czech Republic,
filip.haspl@pedf-cuni.cz, karel.vojir@pedf-cuni.cz

Abstract

Scientific observation is a core component of scientific literacy, yet it is rarely conceptualised
and assessed as a distinct, measurable competence. This study investigates the internal structure
of students’ observational skills in biology and the relationships between their sub-components,
with a particular focus on recognising diagnostic features and integrating them in more complex
observational tasks. A large-scale quantitative dataset (N = 1,600 Czech lower- and upper-
secondary students) was collected using the Observational Skills Test (OST), which
distinguishes between feature recognition and more complex discrimination tasks. To examine
the latent structure of observational skills, exploratory factor analysis using Principal Axis
Factoring with oblique rotation was applied.

The results indicate the presence of a dominant general factor of observation, explaining a
substantial portion of variance, suggesting that biological observation can be understood as a
largely unified cognitive competence. However, the model also reveals considerable variability
and weakly defined secondary factors, indicating that observational performance is highly
context-dependent. Strong correlations were identified between feature recognition and more
complex observational tasks (r = .440), as well as across biological domains (r = .634—.690),
supporting the existence of a shared underlying skill. At the same time, differences in factor
loadings and communalities point to domain-specific perceptual demands. These findings
suggest that while observational skills have a general cognitive basis, their effective application
depends on context and task characteristics. From an educational perspective, this highlights
the need to explicitly develop both general observational strategies and domain-specific
perceptual competencies in biology education.

Keywords
scient. observation; factor analysis; principal axis factoring; biology educ.; diagnostic features
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CHEMISTRY CALCULATIONS AND MATHEMATICAL SKILLS
AT ISCED 2 LEVEL

Kristyna Havelkova?®, Petr Smejkal®

“Department of Chemistry Education, Faculty of Science, Charles University, Prague, Czech Republic,
kristyna.havelkova@natur.cuni.cz, petr.smejkal@natur.cuni.cz

Abstract

Chemistry calculations have long represented a problematic area of chemistry education.
Solving them requires not only knowledge of chemistry but also the application of mathematical
skills, reading skills, the ability to connect knowledge across disciplines, and problem-solving
skills (Rusek, 2022; Scott, 2012).

This contribution presents a quantitative study focused on chemistry calculations and
mathematical skills at the ISCED 2 level. The research is based on data collected from 8th- and
9th-grade students at lower secondary schools. The study analyses students’ overall success in
solving chemistry calculations and mathematical tasks, the relationship between selected
mathematical skills and success in chemistry calculations, and differences in success across
various types of tasks.

Preliminary results indicate higher students’ success in the mathematical tasks test compared to
the chemistry calculations test, although both could be solved using the same procedure of
calculation. In chemistry-oriented tasks, the highest success rates were observed in mass
fraction, while the lowest were found in dilution problems. Consistent with findings from
previous studies, the preliminary results do not suggest significant differences between
symbolic and verbal task formats. However, initial qualitative observations indicate that
students may apply different problem-solving strategies when solving mathematically similar
tasks in chemistry and mathematics.

Keywords
chemistry calculations; mathematical skills; ISCED 2; lower secondary education; chemistry
education
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CURRICULUM FOR INTEGRATED SCIENCE EDUCATION AT THE
LOWER SECONDARY LEVEL - RESULTS OF A DELPHI STUDY

Michal Blasko?, Svatava Janouskova?, Veronika Scholzova?

“Department of Chemistry Education, Faculty of Science, Charles University, Czech Republic,
michal.blasko@natur.cuni.cz, svatava.janouskova@natur.cuni.cz, veronika.scholzova@natur.cuni.cz

Abstract

Current educational reform in the Czech Republic involves the development and verification of
model school curricula aligned with the revised Framework Educational Programme for Basic
Education. These curricula are intended to inspire schools in designing their own educational
programmes and include subject-based, integrated, and thematic models. For the first time since
schools were allowed to integrate educational content, concrete examples of curriculum
integration are being developed, including in science education.

At the same time, little is known in the Czech context about which forms of science integration
are preferred by experts and what content should be included in an integrated science
curriculum. In this study, we analysed science curricula from countries applying an integrated
“science” approach and identified the most frequently represented topics (Blasko et al., 2025).
These topics were transformed into a questionnaire and evaluated by experts in a two-round
Delphi study to determine which themes are considered essential for the Czech educational
system.

The findings highlight several important issues. First, experts did not reach consensus on the
most suitable approach to science integration. Second, chemistry received the lowest time
allocation among all science disciplines. Respondents also proposed additional topics,
indicating that some traditional chemistry and biology content—such as stoichiometric
calculations, balancing chemical equations, and detailed knowledge of organisms (e.g.,
systematic botany and zoology)—would not be included in the integrated curriculum. These
findings raise important questions about the future design of science curricula and suggest a
need to reconsider traditionally taught topics that experts themselves may not regard as
essential.

Keywords
integrated science education; curriculum; educational content of science disciplines
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REQUIREMENTS FOR TEACHERS AND THE COMPETENCIES
OF STUDENTS TRAINING TO BECOME CHEMISTRY TEACHERS

Bozena Karawajczyk?

“Faculty of Chemistry, University of Gdansk, Gdansk, Poland, bozena.karawajczyk@ug.edu.pl

Abstract

Since 2025, an education reform has been underway in Poland, involving, amongst other things,
changes to the core curriculum (Dz.U.). The ‘Graduate Profile’ for pre-schools and primary
schools serves as the reference point for work on these documents (Szymczak, A., 2025). It has
been decided that, alongside subject - specific knowledge and skills, the education process will
foster cross-curricular competences and agency, so that future school leavers can make
informed and rational decisions and find their way in a changing world. However, achieving
these goals requires the use of a teaching model, that differs from the traditional one. In this
new approach to teaching, the teacher is to act as a mentor, becoming someone, who not only
imparts knowledge but also inspires development. Students, future chemistry teachers
(participants in the Teacher Training Module) are being prepared to meet the requirements
arising from the ongoing education reform. They are being trained to take on the role of a guide
and to organise the teaching process in such a way that pupils discover knowledge for
themselves. However, developing the skills in students, that are essential for achieving new
educational objectives, faces many challenges. These stem from the students’ own experiences:
as pupils in lower-level educational institutions, they were mainly exposed to a transmission-
based model of teaching. In their work with pupils, they tend to replicate the practices they
observed in their own former teachers. Furthermore, even if they are equipped with the
necessary skills, during their teaching placements at schools they often replicate the working
methods of the school teacher (placement supervisor) and fail to consolidate the competences
they have learnt at university.

Keywords
teacher training, future chemistry teachers, education reform
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ZELENA CHEMIE A UDRZITELNOST VE VYUCE CHEMIE
POHLEDEM BUDOUCICH UCITELU CHEMIE

Dominika Koperova? Martin Rusek?

“Department of Chemistry and Chemistry Education, Charles University, Prague, Czech Republic,
dominika.koperova@pedyf.cuni.cz, martin.rusek@pedf.cuni.cz

Abstract

Zaclenovani udrzitelnosti do vyuky chemie piedstavuje aktudlni vyzvu chemického vzdélavani,
nebot’ chemie umoziluje propojovat porozumeéni latkdm, procesim a technologiim
s environmentalnimi, socialnimi i ekonomickymi aspekty udrzitelného rozvoje, véetné témat
zelené chemie, Setrného vyuzivani zdroji a dopadii chemickych procesi. Vzdélavani
pro udrzitelny rozvoj je chapano jako prifezovy koncept rozvijejici znalosti, dovednosti,
postoje 1 kompetence potiebné pro feSeni komplexnich probléma dnesniho svéta (UNESCO,
2017; Bianchi, 2022).

Cilem prispévku je ptedstavit, jak budouci ucitelé chemie vnimaji priority zaclefiovani témat
zelené chemie a udrzitelnosti do vyuky chemie. Vyzkum byl inspirovan Q-metodologickym
pfistupem vyuzitym pifi zkoumani prioritizace cili udrzitelného rozvoje u slovenskych
a ¢eskych uciteld (Kotul'dkova, 2025). Vyzkumny soubor tvotilo 13 budoucich uciteld chemie,
kteti tfidili 48 vyroki vztahujicich se k environmentalnim, socidlnim a ob¢anskym aspektiim
udrzitelnosti ve vzdélavani. Data byla zpracovana v Ken-Q Analysis a extrahovany byly dva
faktory.

Vysledky naznacuji existenci dvou ¢aste¢né odlisSnych, avSak souvisejicich perspektiv. Prvni
akcentuje pluralitu pfistupti k udrzitelnosti, porozuméni environmentdlnim souvislostem,
klimatické zméné€, biodiverzité, vodnim zdrojim a vztahu mezi osobnimi potiebami a dopady
na zivotni prostfedi. Druha klade vétsi diiraz na obCanské a institucionalni rdmce udrZitelnosti,
zejména na porozuméni principim demokracie, pravniho statu, roli rozhodovacich organi
a vyznam spoluprace. Obé perspektivy se shoduji v dilezitosti prostoru pro prezentaci
a obhajobu nazort zakt, porozuméni souvislosti mezi lidskou ¢innosti a klimatickou zménou
a tématiim zdravi, energie a biodiverzity. Vysledky oteviraji diskusi o tom, jak v piipravé
budoucich ucitelt chemie rozvijet obsahové porozuméni udrzitelnosti a zelené chemii
1 schopnost pracovat s hodnotovou pluralitou, systémovym myslenim a obéanskym rozmérem
udrzitelnosti.
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Abstract

The paper presents the results of a study focused on the development of digital competence
through an eTwinning project in accordance with the European Framework for the Digital
Competence of Educators (DigCompEdu). The research sample consisted of 30 pre-service
chemistry teachers (with a combined second teaching subject) drawn from two partner
universities, Pavol Jozef Safarik University in Kogice and Palacky University in Olomouc. The
study was conducted during the autumn semester of the 2025/2026 academic year. A quasi-
experimental one-group pre-test/post-test design was used. The intervention took the form of
collaboration between the two partner universities within an eTwinning project, in which the
students produced joint project outputs (e.g., laboratory protocols, summative assessment tasks,
and formative assessment tools) and used digital tools for communication, collaboration, and
the presentation of results (e.g., TwinSpace, Canva, and Padlet). The research instrument was
a modified DigCompEdu Check-In Questionnaire (Redecker, 2017; Caena & Redecker, 2019),
which the students completed before and after the project implementation. The results of the
analysis indicate that the students' digital competence developed towards higher DigCompEdu
framework levels, predominantly B2 (Expert) and partially C1 (Leader). With regard to
professional engagement, the level of student cooperation and engagement increased primarily
within collaborative online environments and the joint creation of digital materials. Their ability
to search for and critically evaluate digital resources also improved, and the proportion of
students able to create their own digital teaching materials increased. The overall results
indicate that eTwinning projects have significant potential for developing the digital
competence of pre-service teachers.
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Abstract

Laboratory learning is increasingly understood as a multidimensional experience that cannot be
captured by cognitive outcomes alone. Besides conceptual understanding, students’ laboratory
work involves affective experiences, competence beliefs, motivational regulation, perceived
value, epistemic engagement and collaborative sense-making (Agustian, 2022; Galloway,
2015; Koperova, 2025). This study applies the Conative and Affective Learning in the
Laboratory (CALIL) instrument to examine students’ laboratory learning experiences in two
higher education laboratory contexts: an introductory laboratory course for preservice
chemistry teachers in Prague and a comparable introductory chemistry laboratory course at UC
Davis. CALIL was administered in a pre—post design. After data cleaning, the analytic sample
included 55 students from Prague and 73 students from Davis. The analysis focused on domain-
level changes, reliability estimates and inter-domain relations. Wilcoxon signed-rank tests were
used to examine pre—post differences, while correlation matrices were inspected to explore the
structure of students’ laboratory experiences. The results showed context-sensitive
developmental patterns. In Prague, students reported significant increases in conceptual
epistemic engagement and perception of time, alongside decreases in epistemic affect and
extrinsic goal orientation. Negative emotions also increased, suggesting that the course may
have made students more aware of the demands, uncertainty and time pressure of laboratory
work. In contrast, the Davis sample showed largely stable profiles across domains, with no
statistically significant pre—post changes. Across both contexts, correlations indicated strong
interconnections between competence-related, epistemic, motivational and collaborative
dimensions.

The findings suggest that CALIL can be used not only as a psychometric instrument, but also
as a diagnostic tool for tracing how students experience laboratory learning over time. The study
highlights the need to consider affective and conative dimensions when evaluating introductory
laboratory courses and designing support for meaningful laboratory learning.
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Abstract

The ability to evaluate pupil work is one of the many skills that pre-service teachers should
gradually acquire during their studies (Botkovec, 2023). In this paper, we focus on assessing
the proficiency of pre-service biology teachers (N=40) in evaluating selected solutions of
inquiry-based tasks. The students were presented with 42 solutions of tasks focused on setting
a goal and assessing its achievement, formulating a research question and answering it,
formulating a hypothesis and evaluating it, and interpreting results and justifying them.
Thematically, the tasks concerned the electrophoresis of proteins in animal milk and plant-
based milk substitutes (Pavlasova, 2016; Pavlasova, 2017). The students’ assessments of the
tasks were subsequently compared with a so-called model assessment prepared by two
educators of pre-service biology teachers. The overall average agreement between the students’
and the model assessments was 59.4%, with large differences observed among students ranging
from 7.1% to 76.2%. Based on these results, we believe that assessment training should be
given attention in university teacher education, ideally using authentic pupil work from various
age groups and across different instructional topics.
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Abstract

Chemistry is often perceived as an abstract and inaccessible science, creating significant
barriers for pupils with special educational needs (SEN). This contribution presents the initial
stage of a research project focused on science education in special primary schools in the
Olomouc Region, carried out by researchers from the Department of Inorganic Chemistry at
the Faculty of Science, Palacky University Olomouc. The project aims to make chemistry more
understandable, experiential, and accessible through the development of adapted teaching
materials and practical learning activities tailored to pupils with SEN.

The project began with visits to special schools, consultations with teachers, and mapping of
the current state of science education. In the first phase, a questionnaire survey involving 19
teachers from all contacted special schools in the region was conducted. The research focused
on the organization of science teaching, material equipment, teaching resources, teachers’
experiences, and the specific educational needs of pupils with SEN.

Over the past two years, the university department has also organized several interactive
excursions for special schools, during which pupils participated in simple hands-on experiments
and experiential activities. At the same time, university students completed teaching practice in
these classrooms, gaining valuable experience with inclusive and inquiry-based science
education.

The results revealed that the most significant barriers in science education include difficulties
with understanding texts and instructions, problems with concentration, and limited
opportunities for practical experiments. Teachers emphasized the importance of visual
demonstrations, hands-on activities, and connecting scientific concepts with everyday life. The
majority of schools reported insufficient laboratory equipment and a lack of modern teaching
aids. Respondents expressed strong interest in new educational materials containing simplified
texts, visual elements, worksheets, and interactive activities.

The findings will be used for the development of innovative instructional materials and
methodological recommendations supporting inclusive science education. The project also
strengthens cooperation between the university and educational practice while promoting
experiential and applied learning for pupils with special educational needs.
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Abstract

Dyslexia is probably the best-known specific learning disorder. It is often understood by the
public as a reading disorder only, but it is a much more complex issue.

There are studies revealing that there is a widespread misconception among secondary school
teachers that dyslexia does not affect the study of science subjects. For example, according to
research conducted across 49 junior high schools in Greece (Passadelli et al., 2020), more than
90% of the teachers surveyed believed that dyslexia only affects students’ performance in
language learning.

Considerable attention is given to dyslexia in the academic literature; however, this literature
mainly deals with its medical and psychological aspects or focuses on supporting pupils with
dyslexia in reading and its practice. Among scientific educational texts, the effort to support
language learning prevails, while natural science subjects in the context of dyslexia receive
extremely little attention (Cidlova et al., 2024).

A precursor to reading skills and a generally accepted marker of dyslexia is a deficit in the area
of RAN (Rapid Automatized Naming) (Carioti et al., 2022). It is this RAN deficit that is also
emphasized in some studies as a common feature of both dyslexia and difficulties in elementary
mathematics (Koponen et al., 2017). Our work examines the possible effects of RAN deficit on
learning chemistry. We also aim to provide suggestions on how to support pupils in studying
chemistry, taking the RAN deficit into account.

Keywords
chemistry education; mathematics education; dyslexia; rapid automatized naming (RAN).

References

Carioti, D., Stucchi, N., Toneatto, C., Masia, M. F., Broccoli, M., Carbonari, S., Travellini, S.,
Del Monte, M., Riccioni, R., Marcelli, A., Vernice, M., Guasti, M. T., Berlingeri, M. (2022).
Rapid Automatized Naming as a Universal Marker of Developmental Dyslexia in Italian
Monolingual and Minority-Language Children. Frontiers in Psychology, 13, 783775.

Cidlova, H.; Bayerova, A., Prokop, D. (2024). Dyslexie: implikace pro vyuku chemie.
Chemicke Listy, 118(8), 451-461.

Koponen, T., Georgiou, G., Salmi, P., Leskinen, M., Aro, M. (2017). A Meta-Analysis of the
Relation Between RAN and Mathematics. Journal of Educational Psychology, 109(7), 977—
992.

Passadelli, A. S., Klonari, A., Michalakis, V. L., Vaitis, M. (2020). Geography Teachers’
Knowledge of and Perceptions on Dyslexia. Education Sciences, 10(10), 278-292.

22



DidSci+ 2026
Olomouc

THE LIMITATIONS OF INFORMAL CHEMISTRY EDUCATION
AS A BARRIER TO STUDENT MOTIVATION IN STUDYING
CHEMISTRY

Petr gmejkal"1

“Department of Chemistry Education, Charles University, Prague, Czech Republic, petr.smejkal@natur.cuni.cz

Abstract

Non-formal (or informal) education is an organized learning process that takes place outside
the traditional school system. It focuses on developing skills, attitudes, and competencies for
everyday life. Unlike formal education, it is not mandatory and does not lead to the award of
an official educational qualification; instead, participants choose programs voluntarily,
according their needs and motivation. A prerequisite for non-formal education is the
participation of a qualified instructor, teacher, coach, or trained leader or instructor (Neformdalni
vzdélavani, MSMT CR, 2026). Non-formal education is organized, for example, by various
children’s and youth clubs, non-profit organizations, children’s and youth centers, educational
agencies, or cultural institutions, and includes activities such as various clubs, special themed
events, or camps, whether day camps or residential camps. Non-formal education is an
important part of how individuals spend their free time and is particularly important for children
and young people, as it enables them to develop skills in a wide variety of areas, often beyond
the scope of formal education. It follows from the above that it is also very important for non-
formal education to be implemented in as many areas of human activity as possible, and
especially where society demands it. In this regard, it is well known that there is currently
significant demand for experts in the natural sciences and technical fields, who are the drivers
of the innovation necessary for economic growth and improving quality of life (Ceska §kolni
inspekce, 2025). Therefore, it is very important to prepare students for further study in these
fields. Unfortunately, in the case of chemistry, as an important field of natural science, informal
education is truly neglected. The cause of this unfortunate situation is that there are a significant
number of legislative, technical, and personnel limitations to the implementation of informal
chemistry education; another limitation is the current structure of formal primary chemistry
education.

In this regard, this contribution addresses the aforementioned limitations in informal education
and their impact on students’ potential motivation to pursue further studies in chemistry and
technically oriented fields. It further proposes possible approaches to implementing
experimental instruction in particular, which could help minimize the aforementioned
limitations. These proposals are based on many years of experience in implementing informal
education in a framework of various activities of informal education.
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Abstract

The rapid development of generative artificial intelligence (Al) creates new opportunities for
designing educational activities that support active learning, inquiry-based approaches, and
student engagement in science education (Bewersdorff et al., 2024). While large language
models and conversational Al tools are increasingly entering educational settings, their
implementation in chemistry education requires pedagogically grounded approaches and
empirical verification of their educational potential.

This contribution presents the design and pilot verification of specialized Al-supported
activities developed for chemistry education. The activities were designed to incorporate
inquiry-oriented and narrative instructional principles while utilizing conversational Al as a
scaffold for students’ learning processes. Two specialized Al activities were created: Mixed-up
Powders, focused on inquiry-based problem solving through virtual laboratory investigation,
and Radioactivity — Stop Dr. V., employing narrative elements and scenario-based learning to
support conceptual understanding and student engagement. In addition, a web application was
developed to transfer selected simulation components into a more stable and user-friendly
digital environment.

The proposed activities were pilot tested with pre-service chemistry teachers to explore their
perceived usability, educational potential, and possible limitations in future teaching practice.
Data collection focused on participants’ reflections regarding clarity of task structure, perceived
support for inquiry processes, engagement, and applicability within chemistry instruction. The
pilot implementation provided insights into opportunities and challenges associated with
integrating specialized Al tools into chemistry teacher education.

The findings contribute to ongoing discussions regarding the pedagogically meaningful
integration of generative Al into science education and highlight the potential of specialized Al
environments to support future teachers in developing digitally enriched instructional strategies.
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Abstract

Chemické demonstrace umoziuji studentim sledovat probihajici chemické déje v konkrétni
experimentalni situaci (Hofstein, 1982; Hofstein, 2004). Jejich pfinos vSak nezavisi pouze na
atraktivit¢ ¢i napadnosti pozorovaného pribéhu, ale predevsim na tom, zda studenti dokazou
sledovany d¢j propojit s jeho chemickou podstatou (Abrahams, 2008; Johnstone, 1991).
Ptispévek ptredstavuje prvni studii disertacniho vyzkumu zaméfenou na porozuméni studentti
ucitelstvi chemie pii sledovani videodemonstraci a demonstraci provadénych v realité.
Vyzkumu se zucastnilo 22 studentl ucitelstvi chemie, kteti po sledovani vybranych
demonstraci vyplnovali zaznamové archy zaméfené na popis a interpretaci chemického déje a
subjektivni hodnoceni demonstraci. Sledovéana byla zejména zajimavost, ndzornost, souvislost
s pfedchozim udivem a mira jistoty interpretace. Oteviené odpovédi byly hodnoceny podle
referen¢nich popist s cilem odlisit popis pozorovaného efektu od chemické interpretace.
Vysledky ukazuji, ze studenti demonstrace ¢asto hodnoti jako zajimavé, nazorné a motivacni,
zvlasté pokud obsahuji vyrazné vizualni nebo smyslové efekty.

Tato pozitivni percepce vSak automaticky neznamena kvalitni interpretaci. Nejvétsi obtize se
objevuji pii prechodu od makroskopického popisu k chemickému vysvétleni: studenti Casto
propojuji s odpovidajicimi chemickymi koncepty.

Vysledky zéaroven nenaznacuji jednoznacnou ptevahu videodemonstraci ani realnych
demonstraci; vyznamngj$i se jevi konkrétni charakter demonstrace, jeji vazba na predchozi
ucivo a prehlednost pozorovaného déje. Na zdklad¢ hodnoceni odpovédi bylo vybrano 12 resp.
pro navazujici eye-trackingovou ¢ast studie: 4 uspésni, 4 stfedné uspésni a 4 neuspésni resitelé.
Tito studenti absolvovali sledovani 3 vybranych demonstraci s vyuZitim eye-trackingu a
retrospektivniho think-aloud. V soucasnosti probiha analyza vztahu mezi kvalitou interpretace,
rozlozenim vizualni pozornosti a interpretaénimi strategiemi studentd (Téothova, 2025).
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Abstract

The contribution focuses on the development of professional vision in pre-service chemistry
teachers through reflection on teaching situations conducted within university-based teacher
education. The study builds on research on professional vision, video analysis, and the
development of reflective competences in teacher education (Gamoran Sherin, 2009;
Pouta, 2021; Santagata, 2021). The aim of the study was to compare reflections written directly
during teaching with reflections based on subsequent video analysis and to examine the
development of reflective depth throughout the semester.

The research involved 10 pre-service chemistry teachers who prepared and implemented a total
of 30 teaching situations focused on topics from general, inorganic, organic, analytical, and
physical chemistry as well as biochemistry. Altogether, 242 reflections written directly during
teaching and 270 video-based reflections were analyzed. The data were processed using
qualitative content analysis. Individual reflective statements were coded according to thematic
categories and evaluated using a five-level scale of reflective depth ranging from descriptive to
professionally reflective interpretation.

The results indicate that repeated video analysis supports a shift from descriptive reflection
focused primarily on formal aspects of teaching toward deeper didactic, subject-specific, and
professionally reflective analysis. Compared with reflections written directly during teaching,
students more frequently identified subject-specific errors, nonverbal communication, working
with errors, and the impact of teaching on students’ understanding after viewing the video
recordings. The findings confirm the importance of video analysis as a significant tool for
developing reflective competences and professional thinking in pre-service chemistry teachers.
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Abstract

The development of professional competencies in pre-service biology teacher education is
increasingly framed by national competency frameworks and their subject-specific extensions
(Vojit et al., 2025). This contribution explores how biology student teachers perceive the
gradual development of their competencies within a continuous practice model implemented at
the Faculty of Education, Charles University. The model integrates regular school-based
teaching with systematic reflection (cf. Korthagen, 2017; Loughran, 2006) and is structured
around the gradual assumption of teaching responsibility — from observation to independent
instruction—while linking practice to defined competencies. It is further grounded in the idea
that professional learning emerges through the interaction of experience, reflection, and social
support within authentic teaching contexts.

Data from biology student teachers (N = 41) indicate that the practice is perceived as beneficial
for developing key competencies, especially in planning, teaching, and reflective practice.
Students highlight reduced stress due to the distributed format, the importance of a supportive
learning environment, and the value of reflective tools such as portfolios. They also emphasize
the role of ongoing feedback and collaboration with mentor teachers in shaping their
understanding of effective biology teaching. The findings suggest that a continuous practice
effectively supports the structured and gradual development of subject-specific competencies
in biology teacher education.
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Abstract

Teaching chemistry through experiments remains essential, yet it is often limited by safety
concerns, lack of standardized procedures, and insufficient access to validated materials. This
contribution presents Pokusnice, a web-based platform designed to support chemistry education
by providing a structured, validated, and user-friendly database of experiments, chemicals, and
laboratory equipment.

The platform integrates both pedagogical and technical aspects of experimental work. Each
experiment is systematically described, safety-checked, and adapted for use in primary and
secondary school environments. Special emphasis is placed on clarity, accessibility, and safe
handling of chemicals. The system also includes visual documentation and supports mobile
access, enabling flexible use in classroom and laboratory settings.

A key feature of Pokusnice is the ongoing validation process, which ensures the accuracy,
relevance, and safety of all included experiments. The platform is further developed based
on feedback from educators and testers, allowing iterative improvement and alignment with
real educational needs. Additionally, the system incorporates tools for content management and
licensing, supporting its scalability and sustainable use.

The presented solution aims to bridge the gap between theoretical instruction and practical
experimentation, while reducing barriers for teachers and enhancing the overall quality of
chemistry education.
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Abstract

STEM education takes many different forms in recent decades, ranging from the integration of
related school subjects through curricular and extracurricular activities—both formally and
informally organized—to the application of various teaching methods and organizational
structures, with a strong emphasis on thematic or project-based approaches. This also presents
a major challenge for teacher education, pedagogical practice, and professional reflection. To
support activities in this area, the International Centre for STEM Education (ICSE) was
established in 2017 at the University of Education in Freiburg (Germany) (ICSE, 2024). As an
international dimension of ICSE’s activities, the foundation of an International Consortium for
STEM Education was done in 2017, too. The ICSE Consortium comprises leading higher
education and research institutions from across Europe, Charles University by Department of
Chemistry and Chemistry Education of Faculty of Education including. The consortium was
founded to foster cooperation and strengthen networks through various measures, such as joint
research projects, newsletters, etc. One of current projects within the framework of the
Erasmus+ program is “ICSE STE(A)M Vision — Empowering teachers as STE(A)M-
visionaries: Co-creating systemic change across Europe through interdisciplinary multi-
stakeholder collaboration” (ICSE STE(A)M Vision, 2026-2028).

Main objective is to create a sustainable interdisciplinary European partnership on integrated
STEM that will provide a prospect on STEM teacher education. The achievement of this
objective is planed through the following sub-objectives: (1) Improving STE(A)M teacher
education by designing an effective STE(A)M teacher education programme in an
interdisciplinary European co-creation process, (2) Making European mobility easily accessible
for teachers by testing jointly a variety of formats and (3) Informing policy about STE(A)M
teacher education and mobility in institutionalized exchange structures. The first steps of the
project solving is co-creation process of modules for STEM teachers continuing professional
development (CPD) and initial teachers education (ITE). Four clusters are planed:
Sustainability, Digital Transformation, Food and Health and Societal Challenges. The authors
is involved mainly in cluster Food and Health by co-creation of the module “Food in
Controversial Position”.
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Abstract

Chemistry experiments represent a distinctive educational tool that enables students to connect
observable phenomena with abstract chemical concepts and symbolic representations. In
contemporary chemistry education, experimental activities should not serve solely as
illustrative demonstrations but as cognitively meaningful tasks supporting conceptual
understanding, scientific reasoning and inquiry-based learning.

The poster presentation focuses on the didactic role of demonstration and student-centred
experiments in lower and upper secondary chemistry education within the framework of
Inquiry-Based Science Education (IBSE). Particular attention is devoted to the potential of
experimental activities to facilitate transitions between macroscopic observations,
submicroscopic interpretations and symbolic representations, which constitute a fundamental
challenge in chemistry learning.

Selected experimental tasks involving acid—base processes, adsorption phenomena, filtration,
crystallisation, fluorescence and separation methods are analysed from the perspective of their
educational objectives, cognitive demands and their capacity to support students’ observation,
hypothesis formation, interpretation of experimental evidence and scientific discussion. The
contribution also reflects the role of teacher guidance in structuring inquiry-oriented activities
and supporting meaningful interpretation of experimental outcomes.

The poster further addresses practical and methodological aspects of experimental chemistry
teaching, including laboratory safety, organisational conditions and the accessibility of
laboratory equipment in school practice. The presented approaches are based on practical
experience from teacher education and professional development activities focused on
innovative strategies in chemistry teaching.

The contribution emphasises the importance of transforming school laboratory activities from
procedural tasks into educationally purposeful learning situations that foster deeper conceptual
understanding and the development of scientific literacy in chemistry education.
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Abstract

Digital competence represents one of the key components of the professional profile of
contemporary teachers, and its systematic development is an important part of pre-service
teacher education. The aim of this study is to analyse the perspectives of university educators
on the integration of digital competencies into pre-service teacher education and to identify the
main challenges and opportunities for their further development. The research was conducted
using a focus group discussion method, which enabled the identification of participants’
experiences with the implementation of digital technologies in teacher education programmes.
The analysis revealed that digital competencies are mainly developed within courses related to
teacher education foundations and subject-specific didactics; however, their integration into
curricula is often fragmented and lacks systematic implementation. Participants emphasized the
need to strengthen practice-oriented learning, to connect digital technologies with subject
didactics, and to expand curricular opportunities for developing digital skills of future teachers.
The study's findings confirm that the key to success lies in integrating digital tools with a
specific pedagogical context and didactic goals. The study was conducted within the framework
of the VEGA project No. 1/0051/25 “Model for the Development of Digital Competencies of
Future Science Teachers”, whose partial objective is to analyse the current state of digital
competence integration in teacher education programmes for science subjects and to identify
possibilities for their systematic development within teacher education foundations and subject
didactics.
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Abstract

Approaches to science education differ globally. We compared teaching models and analyzed
when scientific disciplines are taught separately and how curricula differ across countries.

The analysis is based on international curriculum documents and comparisons of educational
systems in countries representing diverse science education traditions. The results reveal four
dominant models: (1) an integrated “Science” model, where all science content is taught
together as a unified subject; (2) a transitional model, which combines integrated teaching with
some early differentiation into separate subjects; (3) a model featuring early separation of
subjects, in which biology, physics, and chemistry are taught as distinct courses from an earlier
age; and (4) a phenomenon-oriented STEM model, where instruction is organized around
interdisciplinary, real-world phenomena rather than traditional subjects.

The findings suggest that most countries use integrated science instruction at the primary level,
with discipline differentiation most often occurring between the ages of 11 and 16. The most
successful education systems combine the development of science literacy, inquiry skills, and
conceptual understanding with a gradual deepening of knowledge in individual disciplines.
These results not only inform the ongoing development and modernization of science education
curricula but also lay a foundation for educational systems capable of preparing students to
meet the evolving scientific challenges and opportunities of the 21% century.
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Abstract

The aim of this contribution was to analyse the topic from both an expert and didactic
perspective, to design a set of teaching activities focused on mineral waters, and to verify their
feasibility in school practice as well as their contribution to students’ understanding of selected
chemistry content.

Attention is to its possible inclusion in the Framework Educational Programmes and school
curricula. Although mineral waters are not explicitly defined as an independent topic in Czech
curricular documents, the analysis has shown that they can be meaningfully incorporated into
several areas of chemistry teaching at lower-secondary and upper-secondary level.

The core part of research based on the design and school verification of six teaching activities
connected with mineral waters, their properties, and their chemical analysis. These activities
were implemented in different grades of a lower and upper secondary grammar school as well
as in a chemistry seminar. The practical verification was conceived as a didactic validation of
the proposed activities in an authentic school environment. Its main objective was to assess
whether the activities are feasible in regular school conditions and whether they can contribute
to a better understanding of selected chemistry concepts. Data were collected mainly through
pre-tests and post-tests, by the analysis of students’ answers, and pedagogical observation of
the lessons. The results were evaluated predominantly qualitatively, in some cases
supplemented by a simple comparison of the frequency of students’ responses. The findings
suggest that the proposed activities are applicable in school practice and that they can support
students’ understanding of selected topics, especially when the choice of activity corresponds
to the students’ age and prior knowledge. Simpler inquiry-based and observation activities
proved suitable for younger students, while more demanding laboratory tasks were more
appropriate for older students and seminar teaching.
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Abstract

The paper focuses on the analysis of the cognitive demand of text-based learning tasks used
during lower secondary biology classes. The study responds to the fact that previous research
has primarily focused on the analysis of textbooks or test tasks, while less attention has been
paid to tasks actually used in real classroom teaching. The research was conducted through non-
participant direct classroom observation in seven 8th-grade classes at a lower secondary school
in Prague. A total of 78 text-based learning tasks collected during 28 observed lessons were
analysed. The tasks were classified using the revised Bloom’s taxonomy and Tollingerova’s
taxonomy of learning tasks (Anderson et al., 2001; Tollingerova, 1986).

The results of the classification according to Bloom’s taxonomy showed a predominance of
tasks focused on lower-order thinking skills (LOTS = 82.1%), particularly remembering
(37.2%) and understanding (30.8%). Higher-order thinking skills (HOTS = 17.9%) were
represented less frequently. Tollingerova’s taxonomy is conceptually structured differently;
nevertheless, a higher proportion of tasks focused on lower cognitive levels was also identified
using this taxonomy (LOTS = 68.0%; HOTS = 32.0%). The analysis further showed that
cognitively more demanding tasks were more frequently associated with group work compared
to individual pupil work. Text-based tasks were most frequently used during the fixation phase
of the lesson, while they were not observed in motivational or diagnostic phases. The findings
also indicate a predominance of reproductively oriented text-based tasks (83.1%) over
productive tasks (16.9%) in the observed biology classes.
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Abstract

The development of digital competencies has become one of the key challenges in teacher education
due to the rapid digital transformation of education and the increasing role of Al in teaching and learning
processes. Digital competence is currently understood not only as the technical use of digital tools, but
also as their pedagogically meaningful and safe application in educational practice (Redecker, 2017).
Previous studies indicate that pre-service teachers often demonstrate adequate operational digital skills,
while competencies related to digital content creation, cybersecurity, and Al literacy remains
insufficiently developed (Falloon, 2020; Ng, 2021, Sperling, 2024). The aim of the research was to
analyse the level of digital competencies among students enrolled in teacher education programs at J.
Selye University based on self-assessment and to identify the areas in which the most significant
differences occur. The research was conducted using an online self-assessment questionnaire
administered to 290 students enrolled in bachelor’s, master’s, and doctoral teacher educ. programs. The
collected data were analysed using descriptive and correlational statistical methods. The results indicate
that students’ digital competencies are primarily oriented toward the use of traditional office
applications, while competencies related to digital content creation, web design, cybersecurity, and
artificial intelligence remain significantly underdeveloped. Most resp. evaluated their competencies at
intermediate levels according to the DigCompEdu framework, particularly within levels B1-B2,
whereas advanced levels (C1-C2) appeared only minimally. Significant differences were identified
between bachelor’s and master’s students (x> = 42.30; p = 0.003), with master’s students demonstrating
higher levels of digital competencies. Participation in digital competence development courses also
positively influenced students’ competency levels (> =7.57; p =0.023). The findings suggest that future
teachers’ digital competencies remain predominantly at the user level and insufficiently support
innovative and pedagogically effective uses of digital technologies. The results highlight the need for
systematic and practice-oriented development of digital competencies in teacher education programs,
particularly in the areas of digital safety, digital content creation, and pedagogical applications of Al
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Abstract

The teaching of science subjects in the Slovak education system faces many challenges and is
undergoing a significant transformation, adapting to the challenges of modern education.
Methodological studies emphasize that the use of experiential and interactive teaching in the
classroom contributes significantly to maintaining students' interest and motivation, improves
skills in conducting scientific tasks and proves that the connection of chemical phenomena to
everyday life cannot be neglected (Korom & Purdk, 2024; Irwanto, 2022). Digital tools are
playing an increasingly important role in the education process, as teaching tools that appear in
chemistry classes can not only be used for presentation purposes, but also increase student
activity, and make chemistry classes a memorable experience coloured with measurement,
modelling and simulation tasks (Irsai, 2024). The presented work has a dual goal. On the one
hand, by an online survey, it examines the level of familiarity of chemistry teachers of
Hungarian-language secondary schools of Slovakia, with the inquiry-oriented learning methods
and their use in pedagogical practice, and also examines their attitudes towards visualization
and modelling strategies. On the other hand, it analyses the acceptance of these methods by
secondary school students through a questionnaire evaluation of an implemented chemistry
lesson, which included inquiry-oriented learning methods, utilizing elements of visualization
and digital molecular modelling. The emphasis was placed mainly on students” activity, their
motivation, and the comprehensibility of the lesson, providing an insight into inquiry-oriented
teaching approaches from both teachers” and students” perspectives.
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education
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Abstract

Practical laboratory skills are a fundamental component of science education (Hofstein &
Lunetta, 2004; Reid & Shah, 2007), and introductory university laboratory courses are typically
designed with the expectation that students already possess basic laboratory competencies
(Koudelikova et al., 2026). However, previous research has shown considerable variation in
students’ laboratory experience and confidence at the start of university studies (Mistry &
Gorman, 2020). The actual level of students’ preparedness is rarely assessed through direct
observation. This study investigates the practical competence of first-year chemistry students
by combining questionnaire data with observation of students performing a basic laboratory
technique. The research was conducted at universities in the Czech Republic and Slovakia and
focused on the relationship between students’ prior experience, perceived preparedness, and
actual performance. The findings indicate that students often consider themselves sufficiently
prepared for laboratory work, while direct observation reveals substantial variation in the
mastery of fundamental practical skills. The results highlight discrepancies between perceived
and actual competence and emphasize the importance of assessing psychomotor skills alongside
self-reported measures.

The study contributes to current discussions on the transition from secondary to higher
education and provides evidence that may support the design of introductory laboratory courses
and practical science education.
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Abstract

This contribution focuses on the issue of addictive substances, which represents a complex
health, social, and economic problem with a significant impact on the adolescent population.
The core of investigation presents the results of quantitative research conducted via
questionnaires among pupils and students at selected schools. The primary objective was to
analyze the extent of pupils' personal experiences with legal and illegal substances, their
motivation for use, and their perception of risks associated with specific substances. The
research also focused on the availability of substances in the pupils' environment and the
influence of the family setting. The findings confirmed high availability of alcohol in the
respondents' surroundings (Kalina, 2015) and indicated a correlation between parents' smoking
habits and their children's experience with nicotine. Data analysis (Gavora, 2010) revealed that
despite relatively good awareness of the harmful effects of substances, the influence of peer
groups and the immediate environment plays a crucial role in initial experimentation. The paper
emphasizes the necessity of effective primary prevention in schools, which should reflect
current trends in substance use and strengthen pupils' social skills to resist environmental
pressure. The obtained data provide a view of the current situation and can serve as a basis for
further development of preventive programs and pedagogical practice.
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Abstract

The concepts of play, didactic game, gamification, and educational escape game (EEG) are
frequently conflated in both the scholarly literature and classroom practice, which complicates
their pedagogically grounded selection in chemistry teaching. The paper offers a conceptual
distinction based on six features of play derived from Huizinga (1949) and on the difference
between structural and content gamification (Kapp, 2012).

The analytical core is an application of the model of GroB et al. (2023), which distinguishes a
game perspective from a subject-matter perspective in EEG design. We argue that a chemistry
EEG fulfils its educational function only when the subject-matter perspective dominates: each
puzzle must purposefully develop a specific chemical concept or competence rather than merely
serve as a narrative embellishment. We illustrate the argument by comparing two hypothetical
escape games on electrolysis and by presenting a sample puzzle using acid-base indicators at
the “apply” and “analyse” levels of the revised Bloom’s taxonomy.

In the critical section we draw attention to limits that tend to be overlooked in the enthusiastic
discourse on gamification: the overjustification effect (Deci & Ryan, 1985), the time-cost of
designing a high-quality EEG (1040 hours), the risk of uneven student participation in
heterogeneous classes, and the limited evidence for long-term knowledge retention (Veldkamp
et al., 2020). The practical implication is the indispensability of a structured debriefing as a
bridge between game-driven motivation and durable chemical understanding.
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Abstract

The introduced poster presents the summary of the main ideas and conclusions of the critical
scientific review The Evolution of the Czech Educational System: Historical Trajectories,
Structural Inequalities, and the Post-2027 Reform Architecture.

The review describes the evolution of the Czech educational system from its Habsburg-era
foundations through four decades of communist uniformity, post-1989 liberal transformation,
and the current reform cycle embedded in the Czech Republic's Strategy for Education Policy
until 2030+ (Strategy 2030+). Drawing on more than seventy peer-reviewed, governmental,
and international institutional sources, the review offers a critical analysis of persistent
structural failures which successive reform cycles have failed to resolve. It includes
socioeconomic stratification amplified by early academic tracking in multi-year gymnasia,
Roma educational segregation, early childhood education and care participation deficits, and
chronic under-investment in teacher professionalization.

The post-2027 reform agenda, operationalized through mandatory implementation of revised
Framework Education Programs and a landmark 2025 amendment to the Education Act, is
evaluated against the available empirical evidence. The review concludes that while the current
reform framework is among the most evidence-informed reform cycles in recent Czech
educational policy, its efficacy will ultimately depend on political consistency, sustained
financing, and a genuine transformation of classroom practice that has hitherto lagged behind
legislative ambition.
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Abstract

The rapid digitalisation of education has made the digital competence of pre-service teachers
an important precondition for their professional preparedness, as well as their ability to respond
to technological changes and adapt to current trends in education (Zhang, 2025). The
DigCompEdu European Framework for the Digital Competence of Educators specifies six main
areas of digital competence: Professional Engagement, Digital Resources, Teaching and
Learning, Assessment, Empowering Learners, and Facilitating Learners' Digital Competence
(Redecker, 2017). The research aimed to familiarise pre-service teachers with the possibilities
of using digital resources in chemistry teaching and to promote the development of their digital
competence with regard to the selection, creation, modification, and sharing of digital resources.
The research sample consisted of first-year Master's degree students of chemistry teaching
(N =9) at the Faculty of Natural Sciences, Pavol Jozef Safarik University in Kosice. The
intervention was carried out during the 2025/2026 academic year within the courses Activating
Methods in Chemistry Teaching and Chemistry Didactics I, spanning 36 hours. Data were
collected by means of a questionnaire developed by the authors based on the DigCompEdu
framework. The questionnaire results indicated that the chemistry teaching students perceived
the digital resources and tools used positively. The students identified the Viki platform, Al
tools (ChatGPT, NotebookLM), PhET simulations, and an online teaching material database as
the most useful, particularly for lesson preparation. The most frequently reported problems
included technological limitations, language accessibility issues, difficulty navigating some
platforms due to poor design, and the necessity to critically evaluate the accuracy of digital
content and Al outputs. The students also identified working with digital resources and tools in
the creation of learning tasks and digital tests covering selected chemistry topics at primary and
secondary school level, as well as professional guidance provided by their teachers, as the most
beneficial factors for the development of their digital competence.
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Abstract

Educational escape rooms have emerged as an innovative instructional approach that promotes
active learning, collaboration, and the application of knowledge in authentic contexts
(Veldkamp et al., 2020). Although increasingly implemented in science education, their
educational potential can be further enhanced through the integration of immersive multimedia
elements. This study focuses on improving educational escape rooms by incorporating first-
person perspective videos, authentic photographs, real-world documents, and narratives
inspired by actual events.

The design of the enhanced escape rooms is informed by inquiry-based science education
(IBSE), encouraging students to solve scientific problems through guided inquiry rather than
following predefined procedures (Pedaste et al., 2015). In addition, multimedia elements and
visual scaffolding are incorporated in accordance with cognitive load theory and principles of
multimedia learning (Mayer, 2021; Sweller et al., 2019) to support problem-solving while
reducing unnecessary cognitive demands.

The aim of the study is to investigate whether these enhancements increase student engagement,
motivation, and scientific literacy. In addition, the research examines the impact of multimedia-
supported escape rooms on learners’ understanding of tasks, problem-solving performance, and
overall learning effectiveness. The study compares a traditional educational escape room with
an enhanced version designed to provide a higher level of authenticity and immersion through
multimedia and narrative elements.
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education (IBSE)
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Abstract

Nanoscience, including nanochemistry and nanotechnology in general are rapidly developing
fields of scientific reasearch. Considering the future societal, environmental and economic
impacts of these fields, there is a demand for an urgent need for development of nano education
interventions (Bhukuvhani, 2013). In education the achievements of nanoscience present
unique challenges due to the abstract and non-intuitive nature of objects and their phenomena
at nanoscale. To overcome these difficulties, the incorparation of different methods and
approches into nano education are indispensable. This current study reviews Digital
Technology-based (DT-based) approaches used for visualization of nanoworld in education.
Particular emphasis was placed on presenting from real experiments through tangible
visualization to interactive digital tools and augmented reality (AR) techniques. These
approaches enhance deeper conceptual understanding, engagement, and accessibility, while
also presenting new pedagogical challenges (Jones, 1986; Paivio, 2005). The integration of DT
tools hold the potential for a more effective learning and understanding science.
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Abstract

Socio-scientific issues related to herbal drugs and plant-based medicines represent a relevant
context for argumentation and evaluation of scientific claims in science education. Students are
frequently exposed to claims rooted in everyday beliefs, personal experiences, or
misconceptions, particularly regarding the perceived safety and effectiveness of natural
products. Such contexts may contribute to the emergence of problematic reasoning patterns and
argumentative fallacies. The aim of this exploratory qualitative study was to investigate lower
secondary students’ ability to identify, analyse, and critically evaluate problematic arguments
related to herbal drugs and plant-based medicines. The study involved 24 eighth-grade students
(aged 13-14 years) from a lower secondary school. The research instrument consisted of
selected statements intentionally designed to contain argumentative fallacies and simplified
reasoning patterns. Students were asked to identify the main idea of each statement, explain
why the argument may be misleading or problematic, and formulate a counterargument. A total
of 48 written argument analyses (two statements per student) were subjected to qualitative
content analysis focusing on the identification of argumentative fallacies, reasoning patterns,
levels of argumentation, and the quality of counterarguments. Preliminary findings suggest that
students were generally able to recognise problematic reasoning patterns, particularly
overgeneralisation, social normalization, and unsupported claims. While many responses
demonstrated logical or evidence-oriented reasoning, the depth of argument analysis and the
quality of counterarguments varied considerably, with only a smaller proportion of students
constructing fully developed evidence-based counterarguments. The study aims to contribute
to discussions on the role of socio-scientific issues in supporting argumentation and critical
evaluation of claims in science education.
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Abstract

This contribution describes the implementation of artificial intelligence (AI) in chemistry
student teachers' training at Masaryk University in the Czech Republic during springs 2024
2025 and 2026. It explores student teachers' experiences with Al before and after taking the
university courses “Teaching Materials in Chemistry” (for 17 chemistry students in 2024, 10
students in 2025 and 6 students in 2026). The research identified their experience with Al
applications, desired skill development, and opinions on Al's inclusion in the courses and
education overall. It also investigated how they used Al in their teaching practices. It covered
Al tools such as text generators (ChatGPT, Copilot, Gemini), graphic generators (Midjourney,
DALL-E, ChatGPT, and Canva), lesson preparation applications (ScioBot, ChatGPT, Magic
school, KhanMigo, Chalkie), presentation applications (Gamma, Prezi Al), and digital
assessment tools (Kahoot, Socrative, Quizizz / Wayground). Quantitative descriptive research
was selected to gain initial insights into related issues. In the 2025 Teaching Materials in
Chemistry course, a qualitative research tool was also used (a focus group). In 2025, most
students used Al for lesson planning (compared to less than half in 2024) and designing
chemical experiments. 2025 students lacked experience creating presentations with Al tools, so
work with applications such as Gamma and Prezi Al was included in the course. All 2026
students lacked knowledge in the area of Al in copyright law and all of them wanted to teach
about it. Preservice teachers play a crucial role in shaping the future of education and their
willingness to incorporate Al into the classroom is paramount for their effectiveness as future
educators (Sun, 2024).
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Abstract

The first part of this contribution focuses on the development of an apparatus for the laboratory
preparation of ozone at the Department of Chemistry, Faculty of Education, University of West
Bohemia in Pilsen. This development dates back to the 1970s, when the first high-performance
ozonizer was constructed as a modification of the classical Henne and Perilstein apparatus. This
system represented a robust but technically demanding solution based on the use of a high-
voltage source and an ozonization tube enabling ozone formation via a silent discharge. In the
following decades, the design was gradually improved, with significant inspiration drawn from
Klasek’s ozonizer, which contributed to the development of simpler and more practical variants
suitable for semi-micro techniques. Based on these approaches, further modifications were
carried out, leading to an optimized apparatus that combines sufficient performance with
increased safety and ease of operation. The current design consists of essential components
including an oxygen source (typically compressed gas), flow meters for precise regulation, an
ozonization tube, a high-voltage power supply, and an absorption vessel for capturing the
generated ozone. A major transformation occurred in the high-voltage sources.

The second part of the contribution addresses the didactic use of ozone and the possibilities of
incorporating this topic into chemistry education, particularly in laboratory courses. The
didactic benefit lies not only in the development of experimental skills but also in understanding
broader contexts, such as the role of ozone in environmental protection, its applications in
technological processes, and its significance in the field of green technologies.

The third part of the contribution is conceived as an open section providing an overview of
organic compounds that have been subjected to ozonolysis at the department in the past. It
includes, in particular, derivatives of natural compounds, such as triterpenes like betulin, whose
study has contributed to the elucidation of the structure and reactivity of unsaturated bonds.
This section will be further expanded with specific experimental results and their significance
both from the perspective of organic synthesis and chemical education, offering a
comprehensive view of the long-term research focus of the department in the field of ozone
chemistry.
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Abstract

It is well known that complex chemical tasks are often difficult for students because
mathematical skills and focus on abstract chemical concepts are required (Johnstone, 1991). It
is therefore appropriate to monitor the strategies students use to solve them to identify critical
points in solving these tasks and propose effective teaching procedures to eliminate errors
students make when solving them. To address this issue, this study investigates students'
cognitive processes and strategies when solving complex chemistry-oriented tasks, combining
eye tracking to monitor students' strategies and pupillometry, but not the underlying causes of
behavior. Electrocardiography (ECG) (Kennedy, 2000) is also used to measure cognitive load,
and Retrospective Think Aloud (RTA) protocols are used to study links between visual data
from eye tracking, cognitive load, and conscious metacognitive processes (Holmqvist, 2011).
The first results of the pilot show that the combination of the methods mentioned makes it
possible to analyze the respondent strategies to solve tasks and to qualitatively monitor their
cognitive load. It was identified that different strategies are used, based on their experience and
knowledge of chemistry. One of the possible strategies was that the respondent did not consult
the accompanying text to answer the question, because after reading it, he realized he could
answer it without looking for information in it. Another strategy involves skipping the
introductory text entirely, with the respondent focusing on the solution right from the start; if
they realized they could answer without needing to read the introductory text, they did not read
it at all. All the mentioned strategies, as well as other strategies used to solve the tasks and
results related to cognitive load measurements, will be presented in a conference paper.
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