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Preface: 10th International Conference on Research 
in Didactics of the Science (DidSci+ 2022) 

From June 26 to 29, 2022 — as the global COVID-19 pandemic was drawing to a close — the International 
Conference on Didactics of the Science (DidSci+ 2022) warmly and lively welcomed more than a hundred researchers, 
scientists, educators, teachers, and Ph.D. students from the field of STEM education and STEM disciplines, primarily 
from Central Europe. This special edition of DidSci conferences, celebrating its 10th anniversary, was held, in Košice, 
Slovakia's second-largest city, at the Faculty of Science of Pavol Jozef Šafárik University. The DidSci+ conferences 
present a platform for enduring international cooperation, focusing on the frontiers and current challenges in science 
education research alongside existing progress in natural, pedagogic-psychological, and social sciences.  

Concerning history, the Košice DidSci+ conference continues in a legacy of the successful series of prior DidSci 
conferences that originated in Poland (Krakow 2004, 2006, 2008, 2010, 2012, 2014, 2016), followed by gatherings in 
the Czech Republic (Prague 2018, Brno 2021) and the Slovak Republic (Trnava 2019, together with IOSTE 2019 
conference). The DidSci conference's history is also interlinked with the DYDCHEM conference, which, in 2004-
2008, transformed into the present DidSci format, primarily focusing on research in natural science didactics.  

The main goal of the Košice DidSci+ conference was to facilitate the exchange of pedagogical experiences in 
STEM at all educational levels, from primary school through to higher education, with a particular emphasis on 
innovation and digital transformation within STEM education. Particularly, the Košice DidSci+ 2022 conference 
centered on the following main educational topics: 

• Current Results of Natural Sciences Didactic Research
• Digital Transformation of STEM Education
• Active Learning and Development of Scientific Literacy
• Science Education Curriculum
• Teacher Training and Lifelong Learning

The DidSci+ 2022 conference participants themselves presented 57 contributions, of which 38 were in the form of
talks and 19 as posters. In addition to the main conference program, various collaborative activities and social events 
took place, providing an opportunity for participants to communicate with other delegates and share their views on 
innovations in natural sciences education.  

From the perspective of STEM disciplines, the majority of contributions were dominated by chemistry (43%) and 
general questions dealing with STEM education (27%). The predominance of chemistry-oriented contributions is due 
to the historical background of the conference's origin, as the conference initially took root within the chemist 
community. As for didactic topics, digital technologies (29%) and teacher training (19%) played a primary role, which 
can be interpreted as a consequence of the accelerated digitization and kickstart of massive digital transformation of 
STEM education triggered by the COVID-19 pandemic. 

Highlights of the conference included seven plenary invited lectures. On Monday, Dušan Šveda presented the 
results and advancements of the digital transformation in Slovakia as part of the national project 'IT Academy - 
Education for the 21st Century'. In a complementary keynote talk, Katarina Kotuľáková provided a detailed insight 
into the ongoing curricular reform in Slovakia, emphasizing the improvement of scientific literacy in primary 
education students together with the role of an inquiry-based approach, all within the 'Nature educational domain' of 
national curricula. Tuesday's plenary sessions were exclusively dedicated to innovative digital technologies and their 
role in STEM education. In the morning session, Petr Šmejkal addressed the question of whether Virtual Reality (or 
3D virtual models), is a teaching aid or a headache for teaching substance structures in chemical education. 
Subsequently, Libor Koníček demonstrated, using the simple example of a cooling cup of tea, the stages, and 
sophisticated modeling approaches, as well as the importance and benefits of modeling in physics and also STEM 
education. In the afternoon session, Pawel Bernard focused on raising awareness of the inquiry-based approach via 
MOOCs in Poland. He detailed several existing MOOC courses with participants' reflections, where selected highly 
motivational online experiments played a critical role in promoting scientific literacy. Following Bernard's talk, Jozef 
Hanč shed light on using the online platform Perusall in teaching and learning STEM disciplines, where he 
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underscored how this advanced social annotation technology, backed by AI and data science reports based on Jupyter, 
facilitates formative assessment, tracking of student progress, and the identification of areas of difficulty. The final 
plenary lecture on Wednesday was delivered by Sohair Sleiman-Sakhnini, who provided her current perspective on 
how to integrate Nanotechnology into STEM Education as an example of Dynamic Points’ implementation in the 
secondary school curriculum.  

The conference proceedings present a selection of contributions, each of which underwent rigorous review scrutiny 
described below. The criteria used for evaluation encompassed aspects such as the currency of information, the quality 
and richness of content, relevance to the chosen thematic area, overall structure, lucidity, originality, validity, and 
their strong association with the conference's themes and academic fields. The entire proceeding is exclusively 
published in English. The review process was multi-tiered. Initially, before the DidSci+ 2022, the conference chairs, 
in collaboration with the international scientific committee in the role of the editorial board, determined the suitability 
of a paper for presentation at the conference. After the conference, the second review was undertaken by two 
independent reviewers in the frame of the standard double-blind peer-review procedure. 

Regarding plenary lectures, efforts were made to avoid copyright infringement of previously published work and 
prioritize the greatest applicability in STEM education. Among the selected plenary talks, readers can find the article 
about Virtual Reality (VR) in chemistry education by Peter Šmejkal and his international team. Although VR has been 
known for more than five decades, it has only become a truly available and meaningful teaching aid for integration in 
STEM education in the last few years. Another highlighted plenary talk by Jozef Hanč and his colleagues focuses on 
the social reader, Perusall, a learning tool that has emerged as a pivotal asset for blended learning in any STEM 
discipline, validated even under strict social distancing and physical restrictions during the Covid-19 pandemic. The 
third published plenary talk, by Katarína Kotuľáková, was selected for its insightful examination of ongoing curricular 
reform in Slovakia, emphasizing the enhancement of scientific literacy in primary education and the role of the IBSE 
approach. 

This careful review process has led to two major publications offering a comprehensive look at the latest advances 
in STEM and science subjects education. The first output is published as the IOP Conference Series proceedings, Vol. 
3037 (open access at https://iopscience.iop.org/issue/1742-6596/3037/1) and is primarily devoted to STEM education, 
assessment, evaluation, and feedback strategies, and teacher development. This second volume of selected papers 
focuses on curriculum development, educational innovation, and digital technologies, primarily in chemistry and 
biology. 

In conclusion, we would like to express our sincere gratitude to the anonymous peer reviewers for their invisible, 
but fundamental work, without which these proceedings could not have been compiled. Our heartfelt thanks also go 
to all the authors based on their submissions. Finally, our appreciation goes to all the participants of the DidSci+2022 
conference for their unwavering engagement, motivation, and enthusiasm, which significantly contributed to 
stimulating discussions about STEM education. All these elements together greatly enhanced the quality of the 
conference and its outcomes, setting a high bar for future DidSci+ conferences and educational dialogues in the realm 
of STEM education. 

 
Mária Ganajová, Jozef Hanč, Ivana Sotáková, Petra Letošníková 

Editors,  Faculty of Science, Pavol Jozef Šafárik University in Košice  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Mária Ganajová, Jozef Hanč, Ivana Sotáková, Petra Letošníková
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Competence-Oriented Approach to Advanced Practical 
Exercises in Inorganic Chemistry: MINT Education, 
Industry Cooperation, and Formative Assessment 

Miroslav Almáši
1* and Zuzana Vargová

1

1
Department of Inorganic Chemistry, Faculty of Science, Pavol Jozef Šafárik University in 

Košice, Moyzesova 11, 040 01, Košice, Slovakia 

*E-mail: miroslav.almasi@upjs.sk

Abstract. The article deals with the innovation of the practical tasks of the Advanced Practical 
Exercises in Inorganic Chemistry. The innovative practices were consulted and prepared by 
involving potential employers of graduates at the Institute of Chemistry of the Pavol Jozef 
Šafárik University in Košice, Slovak Republic, from the commercial as well as the public 
sector in the teaching process, with the intention of directly preparing students for the specific 
requirements of the labour market. The MINT system was also implemented within the course, 
which is an educational method based on educating students in four essential areas – 
mathematics, informatics, natural sciences, and technology. All the mentioned scientific and 
technical fields have been integrated, while students use different mathematical (Origin, 
Excel) and graphic programs (ChemSketch, ChemDraw, Diamond, Mercury), online databases 
(Scopus, Web of Science, CCDC, Reaxys) in their teaching, which represent the 
implementation of mathematics and informatics. From the view of complementary natural 
sciences, chemistry is mainly represented, primarily inorganic chemistry, but also physical, 
organic, analytical, coordination, organometallic, bioinorganic chemistry, and biochemistry. 
Other natural science subjects, such as physics and biology, are also included in the 
experimental tasks. Technology and chemical technology are included in practical exercises by 
direct application of prepared compounds in practice, respectively, students are informed 
about the manufacturing processes of the products. As part of the practical exercises, student 
self-assessment was implemented through student self-evaluation cards in which the student 
answered questions related to the experimental task. Based on their answers, the teacher receives 
feedback from the students and discusses and explains the given problem in case of ambiguities. 
According to the statistical overview of student responses to the self-assessment cards of 
students in the years 2017- 2022, it can be concluded that students manage practical exercises 
at a high level, and minor problems appear in interdisciplinary tasks that include physics and 
biology. We hope and believe that the innovative experimental tasks will help graduates to 
better apply and enter the labour market. 

1. Introduction
Education plays a pivotal role in shaping individuals' future opportunities, particularly influencing
how effectively young people transition into the labour market. In recent years, many European
countries have faced persistently high youth unemployment rates, making it increasingly challenging
for graduates to secure employment. These difficulties are compounded by evolving labour market
demands, which now emphasize a broader range of competencies beyond traditional knowledge.
Employers expect new graduates to possess advanced information-processing skills, including reading
comprehension, quantitative reasoning, and the ability to solve complex problems (Almáši et al.,
2020b; Vargová et al., 2019).

Curriculum Development and Educational Innovation
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In response to these shifts, the importance of sustained dialogue and collaboration between 
educational institutions and industry stakeholders has become more apparent. This is particularly 
relevant for chemistry-related disciplines, where aligning academic training with professional 
requirements is essential. Practical subjects within the natural sciences curriculum are instrumental in 
preparing students for real-world applications of their knowledge. Accordingly, in partnership with 
industry representatives, we have undertaken a comprehensive revision of advanced laboratory 
courses at the bachelor’s level—spanning inorganic, analytical, physical chemistry, and 
biochemistry—to better reflect current workplace expectations and enhance graduate employability. 
Individual chemical departments have established cooperation with the companies in Slovakia for 
example, BovaCHEM (is a chemical company focusing on radiation, chemical and biological 
protection), The Criminalistic and Expertise Department of the Police Corps (examines traces and 
samples from the crime scene, or samples otherwise related to the offence, which law enforcement 
agencies and courts mainly examine) and DUSLO (is one of the most important chemical companies 
in Slovakia and its produce is oriented on the preparation of fertilizer producer and rubber chemicals) 
(Almáši et al., 2019; Vargová et al., 2020; Vargová et al., 2021). The content of the practical exercises 
was discussed with the workers of external companies so that the students acquire the necessary 
knowledge and skills that are necessary and imposed on employees in the given companies (Vargová et 
al., 2020). 

As part of the practical training, the MINT educational framework was implemented. MINT – an 
acronym for Mathematics, Informatics, Natural Sciences, and Technology – represents a 
multidisciplinary approach that integrates these four domains into a cohesive learning experience. 
Unlike traditional instructional models, which typically treat each subject in isolation, the MINT 
methodology emphasizes interconnected teaching, aiming to reflect the complexity and integration 
found in real-world applications. By presenting these disciplines in a unified context, students are 
better able to grasp the interrelations among concepts, leading to a deeper understanding and an 
enhanced ability to transfer knowledge to everyday situations. This holistic approach fosters 
simultaneous learning across subjects, acquiring knowledge more intuitive and engaging. MINT also 
distinguishes itself through its emphasis on digital tools and experiential learning alongside 
conventional classroom instruction. In addition to strengthening foundational competencies in STEM 
fields, the MINT system actively cultivates students’ logical reasoning and problem-solving abilities, 
thereby equipping them with essential skills for both academic and professional success (Jirát et al., 
2013; Řezanka et al., 2013; Cohen et al., 2019). 

In the present article, we present new content, forms, changes, and methods of subject Advanced 
Practical Exercises in Inorganic Chemistry in order to develop the scientific, practical, and digital 
competencies of graduates needed for employment in the labour market. 

2. Practical exercises and their content
Within the subject of Advanced Practical Exercises in Inorganic Chemistry, various experimental tasks
were created after consultation with experts from external companies. In addition to expanding the
basics of inorganic chemistry, it also includes novel knowledge from coordination, bioinorganic,
physical, analytical, organometallic, and organic chemistry, and biochemistry. The exercises also
marginally include other natural science subjects (biology, physics, mathematics, and informatics) and
chemical technologies connected to the MINT educational system. The Advanced Practical Exercises
in Inorganic Chemistry (Almáši et al., 2017) are intended for students in the third year of bachelor’s
studies, which is carried out in the summer semester and, therefore, the final semester of their study,
and includes the following eight experimental tasks:

1. Preparation of model receptors imitating molecules of biological importance I.: Model of the
oxygen transporter
The task consists of synthesising the organic ligand H2salen through a condensation reaction and

determining its purity through thin layer chromatography (TLC) and the melting point. Preparation of 
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the [Co(salen)] complex as a model oxygen transporter in a vacuum. This is followed by the 
preparation of oxygen and its adsorption using the [Co(salen)] complex, the measuring of the 
adsorption isotherm, the determination of the maximum adsorption capacity and the application of 
various mathematical models to fit the obtained data. 

2. Preparation of organometallic compounds: Ferrocene
At the beginning of the practical exercise, it is necessary to carry out the process of

dicyclopentadiene cracking into its monomeric form in an inert atmosphere of argon and to prepare 
various solutions necessary for synthesising ferrocene. This is followed by the synthesis of ferrocene 
itself, its isolation, and purification through sublimation. Another task is the acetylation of the 
prepared ferrocene by Friedel-Craft acylation using AlCl3 as a catalyst, the isolation of the prepared 
products by thin layer (TLC) and column chromatography (CC), and the characterization of the 
compounds by infrared spectroscopy, nuclear magnetic resonance (NMR), and determination of the 
melting point. 

3. Heteropolycompounds: Preparation of tetrahydrogensilico-dodecatungstic acid heptahydrate
H4SiW12O40∙7H2O
The basis of the task is the preparation of heteropolyacid H4SiW12O40∙7H2O by polycondensation

reaction in a special isolated apparatus. The isolation of the product by the extraction process, 
crystallization, and subsequent determination of saturation by acid-base titration. The following is a 
study of the product's catalytic activity by the bromine reaction with cyclohexene. 

4. Preparation of complex compounds: Acetylacetonate complexes of transition metals
The experimental task is focused on the preparation of various complexes containing

acetylacetonate ligand in combination with Cr(III), Mn(III) and Cu(II) cations. Various weak bases 
are used for the deprotonation of acetylacetone, while various reaction mechanisms such as 
symproprotionation, disproportionation, and substitution reactions are used in the complex 
preparation procedure. 

5. Unconventional synthetic procedures: Preparation of industrially used dyes: Phthalocyanines
The essence of the task is the study of photophysical and photochemical properties of

phthalocyanines as industrially used dyes. The dyes are synthesized through the template 
polycondensation reaction of trimellitic anhydride molecules and ammonium molybdate as a 
heterogeneous catalyst. The colour of the resulting product depends on the chosen central atom 
(Zn(II), Cu(II), Ni(II), Co(II)), which ranges from blue, green, and yellow to red. The prepared 
products are subsequently characterized by infrared and UV-VIS spectroscopy. 

6. Reactions in the solid phase: Preparation and characterization of the "1-2-3" superconductor
YBa2Cu3OX

The goal of the assignment is the preparation of a high-temperature superconductor based on a
ternary oxide with a non-stoichiometric composition of YBa2Cu3OX. The basis of superconductor 
preparation is the precipitation of nitrates of the relevant metals (Y(III), Ba(III), and Cu(II)) by 
gradually lowering the pH of the solution and calcination of the product at high temperatures. The 
prepared powder material is subsequently pressed under high pressure into the form of pellets with 
different thicknesses, on which the Meissner effect is demonstrated and studied. 

7. Preparation of model receptors imitating molecules of biological importance II: Template
synthesis of cyclam and preparation of the complex [Zn(cyc)(H2O)2](CH3COO)2

The experimental task consists of the template synthesis of the macrocyclic ligand cyclam (cyc)
by the condensation reaction of 1,2-bis(3-aminopropylamino)-1,2-ethane with glyoxal and Ni(II) 
cation as a template. In the next step, the Ni(II) cation is removed, and the final product is isolated and 
characterized by infrared spectroscopy and NMR. The last task of the exercise is the synthesis of the 
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complex [Zn(cyc)(H2O)2](CH3COO)2, which will be studied in the next task as a model compound for 
studying SOD (superoxide dismutase) mimetic activity. 

8. SOD mimetic activity of selected cyclam complexes
The goal of the task is the synthesis of various complexes containing the cyclam molecule as a

ligand and Zn(II), Cu(II), Ni(II), and Fe(II) as central ions. The prepared complexes are subsequently 
studied for their mimetic activity using the NBT (nitro blue tetrazolium) test through UV-VIS 
spectroscopy and determination and calculation of IC50 values. 

Each of the experimental tasks consists of six parts. At the beginning of each practical 
exercise, the meaning, essence, and application of the prepared compound in practice are described 
(Theoretical introduction). The Experimental part follows, where the procedure for synthesizing the 
given compound, preparation of solutions, further experimental work connected with the application 
of the given compound, and its characterization are described in detail. Each experimental task also 
includes Supplementary questions related to the given issue, which are intended to expand the student’s 
knowledge of the given topic. The Literature section summarizes the current literary sources used to 
complete the experimental task. In each assignment, there is also a free space called Calculations and 
results, which is intended for recording the necessary chemical calculations and partial results 
achieved, which the student will use when submitting the resulting report. From the point of view of 
formative assessment, at the end of each experimental task, there is a table called the Self-assessment 
card of the student for the given exercise (Ganajová et al., 2021; Ganajová et al., 2022). The table 
contains formative assessment questions related to a specific experimental task, which include the 
questions: I can point out ..., I know ..., I can determine ..., I can suggest ..., I can describe ..., which 
results in the student choosing from three possible answers: independently, with a little help from the 
teacher or with significant help from the teacher. An example of a formative assessment in the form of 
a student’s self-assessment card for the experimental task: "Preparation of model receptors imitating 
molecules of biological importance I.: Model of the oxygen transporter" is listed in Table 1. 

Table 1. Student’s sample self-assessment card for the task "Preparation of model receptors imitating 
molecules of biological importance I.: Model of the oxygen transporter". 

STUDENT'S SELF-ASSESSMENT CARD for the exercise entitled "Preparation of model receptors 
imitating molecules of biological importance I.: Model of the oxygen transporter" 

Name and surname: Study group: Date: 

Topic: Preparation of a model receptor 
and adsorption of oxygen 
Research activities: 
Respiratory pigments and their 
function in the organism, preparation 
of a model compound, and monitoring 
of oxygen adsorption. 

independently with a little help 
from the teacher 

with significant help 
from the teacher 

I can point out 
the importance of the presence of 
haemoglobin and myoglobin in the 
human body. 
I know 
the active sites of respiratory pigments 
and the way oxygen binds in them. 
I can determine 
the adsorbed amount of oxygen in the 
model carrier. 
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3. Implementation of MINT education
As already mentioned above in the text, MINT is an abbreviation of the initial letters of the words
mathematics, informatics, natural sciences, and technologies, which, after consultation with experts
from practice and external companies, we tried to incorporate into the practical tasks of the Advanced
Practical Exercises in Inorganic Chemistry. This section presents specific examples of applying
individual scientific and technical subjects.

Mathematics and Informatics: Using the graphics and mathematics program Origin or Excel, 
students plot and fit the measured data using different kinetic models, as shown in Fig. 1a. This is 
specifically the adsorption curve of oxygen by the complex [Co(salen)], which is part of the first 
exercise, "Preparation of model receptors imitating molecules of biological importance I.: Model of 
the oxygen transporter". Students also use these programs to create statistics and process measured 
data, for example, when determining IC50 values, or creating calibration curves and equations for UV-
VIS measurements. Other programs that students use when developing protocols and creating answers 
to supplemental questions are ChemDraw or SchemSketch, and Diamond or Mercury. ChemDraw or 
ChemSketch programs are used to draw the course of chemical reactions (see Fig. 1b). Diamond or 
Mercury programs are used to draw crystal structures of compounds, where the connectivity and the 
connection of atoms are shown (see Fig. 1c). As an example, the supplementary questions found 
below: 

• What is the basic structural motif found in haemoglobin and myoglobin? Draw its molecular
structure using available programs (ChemDraw, ChemSketch). (1. Preparation of model
receptors imitating molecules of biological importance I.: Model of the oxygen transporter)

• Using an available graphics program (Diamond, Mercury), draw the structure of the anion
SiW12O40

4-, based on the .cif file you receive. (3. Heteropolycompounds: Preparation of
tetrahydrogensilico-dodecatungstic acid heptahydrate H4SiW12O40∙7H2O)

• Search the literature for the reaction mechanism of the reversible catalytic conversion of CO2

and H2O by carbonic anhydrase and show it schematically using a graphics program
(ChemDraw, ChemSketch). (7. Preparation of model receptors imitating molecules of
biological importance II: Template synthesis of cyclam and preparation of the complex
[Zn(cyc)(H2O)2](CH3COO)2)

• Based on the measured SOD mimetic activity data using UV-VIS spectroscopy, calculate the
IC50 values of the prepared complex. (8. SOD mimetic activity of selected cyclam complexes)

In addition to the mentioned graphics programs, students also use online databases. The 
Cambridge Crystallographic Data Center (CCDC), where all the compounds prepared so far with a 
determined crystal structure can be found. Students search for specific compounds in the database 
according to the assignment, where they perform a statistical analysis and then draw the selected 
compounds using the Diamond or Mercury program. The second online database that students work 
with is Reaxys, which contains all organic syntheses published. With the help of this database, 
students search for alternative ways of preparing organic molecules, which they realized in the 
exercise. 

• Use the CCDC database to find which three transition metal ions are most commonly used to
prepare complexes with the acetylacetonate ligand. Determine whether they are tris- or bis-

I can suggest 
determining the amount of different 
gases. 
I can describe 
the transport mechanisms and 
metabolic pathways of the gases of 
cellular respiration. 
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chelate complexes and give an example for each of the mentioned pairs, and draw it using an 
available graphics program (Diamond, Mercury, and others). (4. Preparation of complex 
compounds: Acetylacetonate complexes of transition metals) 

• Using the Reaxys database, search for and design another method of synthesizing
phthalocyanines and schematically represent it using a graphics program. (5. Unconventional
synthetic procedures: Preparation of industrially used dyes: Phthalocyanines)

• Use the Reaxys database to search for another way to synthesize the cyclam molecule. (7.
Preparation of model receptors imitating molecules of biological importance II: Template
synthesis of cyclam and preparation of the complex [Zn(cyc)(H2O)2](CH3COO)2)

Natural sciences: Chemistry is dominantly represented in the experimental tasks from the 
point of view of natural sciences. Although practical exercises are mainly devoted to inorganic 
chemistry, there are also other areas of chemistry. We can mention physical chemistry, which is 
represented by adsorption processes, kinetic models (see Fig. 1a) and the principle of photodynamic 
therapy; organic chemistry – preparation of phthalocyanines (see Fig. 1b) and cyclam; coordination 
chemistry – preparation of acetylacetonate complexes (see Fig. 1c); organometallic chemistry – 
preparation of ferrocene; biochemistry and bioinorganic chemistry – study of SOD activity. As other 
natural science subjects, we can mention physics, which is dedicated to the exercise related to the 
preparation of YBa2Cu3OX superconductor and the study of the Meissner effect (see Fig. 1d). 
Biology is included in the above-mentioned task dealing with SOD mimetic activity of cyclam 
complexes, but also models of the oxygen transporter represented by the [Co(salen)] complex. 

Technology is applied in practical exercises in many experimental exercises. Examples include 
phthalocyanine dyes, which are commercially used as pigments for water tank coatings due to their 
antimicrobial activity and self-cleaning ability. YBa2Cu3OX superconductors find their application in 
transport, especially trains (Japan), due to the ability to levitate. In addition, we can mention 
magnetic resonance imaging (MRI) and magnetoencephalography for the diagnosis of various 
diseases, research on high-energy particles, and electrical generators and transformers. Students will 
also become familiar with the application of ferrocene and its derivatives as antiknock agents used in 
the fuel for petrol engines, which are safer than the previously used tetraethyllead. Students are also 
informed about the application and mechanism of ferrocene derivatives as solid rocket fuels used as 
high-burning rate catalysts in ammonium perchlorate-based composite propellants. 

Figure 1. Demonstration examples of the MINT system application in the subject Advanced Practical 
Exercises in Inorganic Chemistry. a) Different kinetic models were used to fit the O2 adsorption curve by the 
[Co(salen)] complex. b) The figure of phthalocyanine drawn using the ChemDraw program. c) A view of the 
crystal structure of compound [Cr(acac)3] drawn using the Diamond program (acac - acetylacetonate). d) 
Demonstration of the Meissner effect using a levitating magnet above a superconductor immersed in liquid N2. 
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It is also appropriate to mention that the students themselves also participated in the creation of the 
tasks, who applied and developed the newly incorporated procedures. Moreover, they used learned 
techniques and methods in their own research, which was part of their diploma theses, resulting in 
publications in CC journals (Garg et al., 2021; Király et al. 2023; Zauška et al., 2022; Zauška et al. 
2025; Zelenka et al., 2022; Zeleňák et al., 2009). 

4. Evaluation of students´ self-assessment cards from the individual practical exercise’s tasks
In the years 2017-2022 (6 years), a total of 37 students participated in the subject Advanced Practical
Exercises in Inorganic Chemistry, representing an average number of 6 students per year. The
number of students who completed the course in individual years is shown in Fig. 2a.

Figure 2. The students´ formative self-assessment card results from the individual practical exercise’s task 
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Figs 2b-2i show the results of students’ self-assessment cards for individual experimental tasks. As 
shown in Figs 2b-2i, most students had no problem with the experimental tasks. Students had the 
most issues with practical exercises 5-8, due to the interdisciplinary nature of the tasks. The main 
character of task no. 5 is associated with organic chemistry, task no. 6 is physics, and exercises 7 and 
8 are biology, biochemistry, and bioinorganic chemistry, with which students of inorganic chemistry do 
not have many practical skills. For the mentioned reason, the students had problems with the given 
experimental tasks. Although some questions or the essence of exercises were not apparent to the 
students, these deficiencies were explained and eliminated after mutual consultation and discussion 
between the teacher and students. 

5. Overall evaluation of students in the subject
At the Pavol Jozef Šafárik University in Košice, Slovak Republic, course evaluation is based on the
ECTS credit system. The study’s credit system allows the student to evaluate the burden associated
with passing the subject of the given program through credits, supports student mobility and provides
the student with the opportunity to create his own study plan. Credits are numerical values assigned to
subjects that characterize the amount of work required for their successful completion. The standard
student load for the entire academic year is 60 credits, 30 credits per semester.  Credit evaluation of
the course Advanced Practical Exercises in Inorganic Chemistry is 6 credits, and the subject
evaluation consists of four components.

1. The first condition for successful completion of the subject is active participation and
implementation of all practical exercises, while each task is implemented by the student
independently.

2. The output of each practical exercise is the creation of a protocol in which the student processes
the given issue and the achieved experimental results. At the beginning of the protocol, the
student prepares a theoretical introduction to the given task, followed by calculations and
results, determination of product yield, fitting of the obtained data, creation of crystal structure
figures of compounds, chemical reactions, or their mechanisms, statistics, and so on. In the
end, the student summarizes the relevant results, compares them with the literature, interprets
the achieved results, describes the observed phenomena, and justifies them.

3. The third part of the subject evaluation consists of creating answers to additional questions
directly related to the experimental task. However, it should be noted that the supplementary
questions are difficult, and when they are developed, it is necessary to use many graphic and
mathematical programs, databases, and to look for answers to the questions in the scientific
literature on Scopus or the Web of Science.

4. The last part of the subject evaluation is the successful completion of two written tests
realized in the middle and at the end of the semester, while the final mark of the test depends
on the achieved percentage evaluation: 100-91% A, 90-81% B, 80-71% C, 70-61% D, 60-
51% E a 50-0% Fx.

From an ecological point of view, students do not submit protocols in printed paper form but send 
them by e-mail in the form of a Word file. The teacher will then read the entire protocol, and the 
student will receive feedback on the correctness/incorrectness of the protocol preparation. If some 
parts need to be supplemented, or the answer to a supplementary question is not correct or precise, the 
teacher will create a commentary. Subsequently, the protocol with comments is sent back to the 
student for addition, and communication between the student and the teacher takes place in this way 
until the protocol contains all the necessary data and answers. 

In the end, it can be concluded that the students successfully conducted the subject, as the final 
evaluations of students who completed this subject in the years 2017-2022 were 100% A, 0% B, 0% 
C, 0% D, 0% E, and 0% Fx. During the entire existence of the subject (since 2005), 91 students 
graduated from this subject, while the resulting grades were 95.6% A, 4.4% B, 0% C, 0% D, 0% E, 
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and 0% Fx. In the final conclusion, we believe and hope that the newly implemented tasks created in 
cooperation with the employees of external companies will contribute to a better and easier 
application of students in the labour market. 

6. Conclusion
This article presented a comprehensive overview of the systematic innovations introduced in the
course Advanced Practical Exercises in Inorganic Chemistry, with the aim of enhancing the practical
preparedness and employability of graduates. Two primary strategies were employed to achieve this
objective. The first involved direct collaboration with companies from both the commercial and public
sectors in the development of experimental tasks. These assignments were designed using real-world
procedures applied in the participating institutions, thereby enabling students to gain hands-on
experience with techniques directly transferable to professional settings. The second strategy focused
on broadening students’ interdisciplinary understanding through the integration of the MINT
educational approach, which encompasses Mathematics, Informatics, Natural Sciences, and
Technology. This framework was implemented using specialized software tools—such as Origin and
Excel for data analysis, ChemSketch, ChemDraw, Diamond, and Mercury for molecular
visualization—and academic databases including Scopus, Web of Science, CCDC, and Reaxys.
Within the natural sciences, the curriculum emphasized chemistry, while elements of biology and
physics were incorporated into specific interdisciplinary experiments. Technological applications
were addressed through the practical use of synthesized compounds in relevant real-world contexts.
The article also outlined the subject’s assessment methodology, which includes student participation,
laboratory report development, written examinations, and oral responses to subject-specific questions.
A key innovation in this process was the introduction of student self-assessment cards tailored to each
experimental task. These served as a formative assessment tool, providing instructors with valuable
feedback on student comprehension and offering opportunities for targeted clarification and
discussion. Analysis of self-assessment data collected over six academic years (2017–2022) indicates
that students were generally successful in completing experimental tasks. Challenges primarily arose
in interdisciplinary activities involving chemistry–physics and chemistry–biology intersections, where
students’ background knowledge in the secondary disciplines was less robust. Nevertheless, these
gaps were effectively addressed through post-experiment discussions, as reflected in the high number
of students achieving top final grades (A). Overall, the use of self-assessment cards has proven to be
an effective means of fostering reflective learning and enhancing communication between students
and instructors. These innovations contribute meaningfully to aligning chemical education with the
practical expectations of the labour market.
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Abstract. Creativity in students has once again become a hot topic among researchers and 

education professionals. The main reason for this renewed interest is the PISA 2021 framework 

for testing, which took place in the spring of 2022 due to the pandemic. The testing consisted of a 

series of tasks, which assessed pupils’ creativity as well as other, more traditional areas of testing. 

For this reason, we dusted off our research and experience from almost 40 years ago and prepared 

one task, which was subsequently accepted in the pilot testing. At Comenius University in Trnava 

and Bratislava, I and my colleagues Lipthay and Prokša carried out research into creativity during 

chemistry lessons in the 1980s. We later began studying other matters. When we reviewed a study 

that we carried out at the regional level of the chemistry Olympics (Category A), we realized 

that some of the participants’ details were incomplete. For this reason, we tried to find and 

establish contact with the individual participants. Using the internet alone, we managed to identify 

almost half of the participants and map their professional careers. Using the original data from the 

Torrance Tests of Creative Thinking, as well as the participants’ career data over a period of 40 

years, we analyzed the predictive validity of these tests. As case reports, we also present the 

careers of the two participants of the study who achieved the highest scores in the tests. 

1. Introduction

In the current literature, various aspects of creativity in students have been discussed at length. The roots

of modern research into this matter go back to 1950, when Guilford introduced the concept of creative

(divergent) thinking (Guilford, 1950).

Recent creativity research has focused on process versus product, as well as on generality in creativity 

versus focus on a particular domain of activity. Current theories of creativity emphasize complexity or 

multi-component approaches. One separate area of research concerns the role of schools in strengthening 

creativity. In this regard, the following questions are often asked: What makes it possible to express 

creative thinking in the classroom? How can we record and support the creative activity of students in 

the classroom? (OECD, 2019). 

The current paper does not provide a comprehensive overview of the current creativity research. 

Those interested in this issue should peruse any of the recent encyclopedic works in this area (e.g., Runco, 

2019). 

The main rationale for the present study was the PISA 2021 framework for testing, which took place 

in the spring of 2022 due to the pandemic. The testing consisted of a series of tasks, which assessed 

pupils’ creativity as well as other, more traditional areas of testing. We were approached by the national 

coordinator of the testing to create a task that could be used to identify creativity levels. 

For this reason, we dusted off our research and experience from more than 40 years ago (Kováč et 

al., 1984) and prepared one task for this purpose, which was subsequently accepted in the pilot testing. 

When we reviewed a study that we carried out at the regional level of the chemistry Olympics (Category 

A), we realized that some of the participants’ personal details were incomplete. For this reason, we tried 

to find and establish contact with the individual participants. Using the internet alone, we managed to 

identify almost half of the participants and map their professional careers. Using the original data from 
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the Torrance Tests of Creative Thinking, as well as the participants’ career data over a period of 40 years, 

we analyzed the predictive validity of these tests. 

2. Research carried out 40 years ago

We applied Guilford’s approach to chemistry instruction. In our research work, we developed and used

an analogy between divergent thinking as a characteristic of the creative personality and divergent

possibilities in synthetic organic chemistry.

Figure 1. Schematic showing the synthesis of benzamide from benzene. 

Our approach is well illustrated by the synthesis of benzamide from benzene, which can be 

accomplished in at least ten different ways. Figure 1 shows the flexibility of the synthetic approach, 

which can be accomplished using routes described in nearly any standard university textbook of 

introductory organic chemistry. We therefore hypothesized that, if the task is set in an appropriate way, 

divergent thinking in creative students will manifest as the ability to suggest many different and original 

solutions. We verified this premise by comparing the results of the divergent task test with those of the 

chemical Olympics, which is a competition organized for talented pupils. In our empirical investigations, 

we have also assigned tasks such as: Give as many reactions as you can for the following compound: 

CH3-CH = CH-CH2-CH2-CH2-OH 

During the 1981/82 school year, we presented the following tasks to 22 participants in a district 

competition of the highest grammar school category: a test of organic chemistry knowledge, an 

intelligence test, and the Torrance Tests of Creative Thinking (Hlavsa & Jurčová, 1987).  The results of 

the test with divergent tasks were rated as follows: 

1. We discarded answers, suggestions, and reactions that were not founded on objective (scientifically

correct) presumptions. For example, we cannot presume that hydrogen has been substituted by

bromine on double bonded carbon if we have not used HBr under standard conditions. When

HBr was used, bromine was added to the unsaturated bond.

2. Suggestions based on true presumptions were rated like this:

Fluency 1 point for each new suggestion

Flexibility 1 point for each different suggestion (e.g., addition of HCl), (addition of HBr or 

HI to the unsaturated bond was considered a related suggestion) 

Originality 1–3 points for original answers in which the degree of 

originality was estimated based on the statistical occurrence of a given reaction 

within the set of all answers (up to 5%) 

   Elaboration was evaluated from 0 to 1 according to the accuracy of the suggestion (i.e., 

referring to catalysts, etc.) 
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The test of knowledge consisted of 14 traditional tasks in which the pupils were expected to find 

the reaction product of a prescribed reactant and reagent. These knowledge tasks were connected with 

testing creative thinking in chemistry. To this end, they involved the reactions of double bonds and 

hydroxyl groups covered in the grammar school chemistry curriculum. 

In addition to our research, three standard psychological assessments were applied: an intelligence 

test (Vana, VIT) and the Torrance Tests of Creative Thinking, which assess consequences, unusual usage 

of things, and improvement. 

The data obtained from this research were subjected to statistical analyses that disclosed 

dependencies between certain variables. These mutual relations, expressed by the Pearson coefficient of 

correlation, are presented in Table 1. 

Table 1. Relationship between pupil success in the chemistry Olympics and results in the test. 

Pearson's correlation coefficient 

test of intelligence by Vana  results achieved in the chemistry Olympics 0.46+ 

Torrance Tests of Creative 

Thinking  
results achieved in the chemistry Olympics 0.04 

test of knowledge  results achieved in the chemistry Olympics 0,31 

test of creative thinking in 

chemistry 
results achieved in the chemistry Olympics 0,71+++ 

+ …………p < 0.05, +++……… p < 0.001 

According to Table 1, two statistically significant correlations were obtained. These were: 

1. Performance on the intelligence task correlated with results in the chemistry Olympics (at the

5% level).

2. Performance on the test of creative thinking in chemistry correlated with results in the chemistry

Olympics (at the 0,1% level).

The tests (test of creative thinking in chemistry and test of knowledge) covered the same content, 

but the methods of task solution and evaluation differed. The results suggest that a test of creativity may 

be predictive of results in the chemistry Olympics. 

3. Our respondents 40 years later

When we returned to the matter of creativity in chemistry class 40 years later, we realized that some of

the participants’ personal details were incomplete. We found one sheet of paper with the respondents’

names and data on fluency and flexibility from the Torrance Tests of Creativity (tests of consequences,

unusual use of things, and improvement) (Hlavsa & Jurčová, 1978). Based on this information, we tried to

find and establish contact with the individual participants. Using only the internet, we managed to identify

some of the participants and map their professional careers. Five of our participants were academic or

scientific workers employed at universities, while four were either doctors or veterinarians. All of them

agreed to be interviewed. We believe that this cross-section of the sample was relevant to the conclusions

we were trying to draw from the original data fragments.

From a methodological perspective, this study could be characterized as behavioral research with 

a longitudinal element. We used data that measured fluency and flexibility of thought, as well as details 

from the Web of Science database about the number of publications and citations. In addition, we present 

below two case studies describing the careers of the respondents with the greatest creative potential 

(fluency and flexibility) measured 40 years ago. Pearson’s rank coefficient of correlation in Excel was 

used for statistical evaluation. 
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3.1 Publications of the academic workers in our research 

In this part of the study, we used the online Web of Science database. For clarity, we have presented the 

results of our participants’ research in the table below. We subjected individual research areas to detailed 

analysis using Pearson’s coefficient of correlation. Among the participants who were still employed in 

academia (only chemistry), the number of publications was highly correlated (r = 0.96) with creative 

(divergent) thinking, fluency, and flexibility determined 40 years ago. Similarly, the number of citations 

was highly correlated with fluency and flexibility (r = 0.92). On the other hand, the participants’ specific 

research areas were not all comparable: one of the five respondents published in the humanities, while 

the others worked in chemistry. 

Table 2. An overview of the data from the Web of Science database, as well as the participants’ creativity, was 

measured using the Torrance Tests of Creativity 40 years ago.  

Respondent Publications Citations Creativity 

1 14 (biblical studies) 16 70 

2 122 (chemistry)  2888 117 

3 46 (chemistry)  385 56 

4 34 (chemistry)  617 44 

5 30 (chemistry)  371 15 

3.2 Career stories 

In this part of the paper, we present two anonymous cases of successful academic careers from our 

sample (Melicheríková, 2020). Both professors scored highest in fluency and flexibility within our 

sample from 40 years ago. 

prof. RNDr. B. J., DrSc. 

Professor B. J. was already interested in chemistry during his studies, and he enjoyed taking part in 

the Olympics. His friend joined him there, and they enjoyed each other’s company. They took part in 

Olympic events several times during their high school studies. Because he was interested in chemistry 

for its own sake, he never undertook any special preparation for the Olympics – he carried out minimal 

preparation with his chemistry teacher for the events. Instead, he read material about chemistry on his 

own initiative. He spent time with his friend in their laboratory, where they manufactured explosive 

materials and spent time in similar activities. 

In his final year of school, he was deciding between two Slovak universities that focused on chemical 

sciences: the Faculty of Chemical Technology and the Faculty of Biology. In the end, he chose to attend 

the Faculty of Biology. At high school, he never considered himself a good student; instead, he saw 

himself as a pupil who maintained a high level of freedom. He never understood why he should learn 

about the 12 drainage basins of Slovakia or why he should remember them going forward. At university, 

it was better, in his words; he felt at home. He believes that anyone who tries just a little will manage 

university and that there is no specific instruction book for getting through. During his studies, he relaxed 

by playing popular sports recreationally and spending time with friends. After high school graduation, 

he registered for full-time study at the university and remained as a doctoral student. 

In the following years, he worked at the Slovak Academy of Sciences, although he is now employed 

once more at the Faculty of Biology. He has also studied abroad for several months at a time; his longest 

program of study abroad took place in America, where he lived for 18 months. Professor B. J. feels that 

he has advanced thanks to his career experiences. He did not plan this career; instead, his professional 

course unfolded gradually. In his opinion, anyone who is qualified for similar positions will gradually 

achieve them. 

He applies his creativity in his experimental work, which works completely differently from how 

he imagined. Creativity is necessary when searching for reasons why an experiment has turned out other 
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than expected: Was the experiment badly designed or executed? Was the student who carried out the 

experiment irresponsible? The work itself sharpens B. J.’s creativity; he requires no special training. 

prof. Ing. D. P., ThD. 

Professor D. P. was convinced by his chemistry teacher to take part in the chemistry Olympics. In 

his own words, the teacher knew how to inspire her students, and chemistry itself was interesting to D. 

P., so he enjoyed attending the Olympics. Since professor D. P. enjoyed chemistry, he had a small private 

laboratory at home. He also enjoyed collecting and borrowing books about chemistry. He even 

discovered later that some of them were his university textbooks. Later, the chemistry teacher helped her 

Olympians to choose a university: she organized visits to university institutions, where her pupils gained 

some inside information about how these facilities worked and were therefore better able to choose their 

future direction of study. 

Because D. P. had poor social credit in the communist regime, he was unable to study at the Biology 

Faculty of Comenius University. For this reason, he chose to study at the similarly focused Faculty of 

Chemical Technology. He completed his studies with first-class honors. He carried out further study 

after working for several years at the Oncological Institute of the Slovak Academy of Sciences, where 

he worked with innovative equipment and with specimens from all over socialist Europe. Afterwards, 

he undertook a 2-year program at the Theological Faculty. He then went to the Bible Institute in Rome 

for 5 years and finally to Harvard University, where he carried out a doctoral study for 6 more years. 

At Harvard, he was one of only two successful candidates out of 120 who underwent the selection 

process.  

Afterwards, he became dean of the Pontificio Istituto Biblico at Pope Gregory University in Rome. 

Because he had completed study at Harvard University, he had privileged access to the best 

institutions, so he established contact with many respected universities in his field. He spearheaded the 

organization of worldwide conferences, with many of the world’s leading experts in biblical studies among 

the delegates. 

4. Discussion

We realize that these empirical results are minuscule compared to the kinds of studies that are regularly

carried out nowadays. Unfortunately, many of the original details were missing, so we could not describe,

prove, and interpret the experiments any better than in their published versions (Kováč et al., 1984). The

present study showed that we had managed to devise a simple test of divergent thinking in chemistry-

related tasks. These tests predicted well the results of the chemistry Olympics, which we considered at

the time to represent a performance in chemistry that was high above average school performance.

Notably, the results of the Torrance Tests of Creative Thinking did not seem relevant in identifying

exceptional results in the competition.

However, when, by chance, we discovered the Torrance Test data of 22 students, we were able to 

look at the relevance of these results after more than 40 years. From this perspective, the results of the 

tests seemed extremely interesting; they appeared to correlate with the success of the subjects’ scientific 

careers. Of course, we must note that our sample of students only consisted of those who were strongly 

motivated towards the study of chemistry – most scientific workers carried out home-made experiments 

during childhood and had well-equipped laboratories at home. The participants stated that they never 

achieved exceptional results in the chemistry Olympics, although we cannot prove this, as we have no 

access to the results of the competitions themselves. 

The group of doctors and veterinarians, whose results we did not present in the present paper, saw 

the competition as an opportunity to prepare for future medical study. Our results contribute to the 

discussion about the advantages of creativity over domain specificity. We suggest that, within the limits 

of the sample, which was heavily skewed towards one field, general tests of creativity may have 

significant predictive potential. We also submit that creative processes may be correlated with creative 
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output. The results of the creative tasks in the Torrance Tests were significantly correlated with the results 

of creative scientific work. At this stage, we consider our conclusions and interpretations as merely well-

founded hypotheses since the original data were so sparse. Our findings should be compared with other 

results. Nonetheless, we believe that publishing these results may inspire and serve other researchers in 

this area. 

5. Conclusion

Creativity in natural science pedagogy, which we researched in the 1980s, is once again at the forefront

of discourse after almost half a century, as can be seen in the PISA framework from 2022. The original

results of the research from 40 years ago, as well as the recent statements and data of the respondents,

suggest that the general tests of creativity in tasks at the beginning of an academic career correlate well

with the success of creative scientific research at the end of a professional career, within the narrow limits

of the sample, which represented only one field.

The two respondents with the highest scores achieved excellent results in their scientific careers. 

Their stories are described above. We believe that even our incomplete details will serve and inspire 

other researchers in this area. 
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Abstract. The primary purpose of the current reform of pregraduate preparation of teachers in 

the Czech Republic is to prepare future teachers for educating students in accordance with the 

objectives of the Strategy 2030+. Basically, this means providing students with such 

competencies that will enable them to use their full potential in the dynamically changing 

world, both for their benefit and the benefit of society. Objectives of the long-term conception 

of education of students are, of course, the need to adapt the system of pregraduate preparation 

of teachers. The submitted paper presents not only the main areas of the reform of the education 

of teachers in general, but it also states particular aspects of teachers’ preparation at the 

University of Ostrava. It also includes current innovations and proposals for considering the 

main objectives of the reform in the future. 

1. Introduction

The world is constantly changing. These changes must be reflected in all areas of human activity – the

educational system included. Partial changes in education are continuous, and certain major conception

changes are prepared and implemented irregularly. A proposal for such a change in conception is also

part of the Strategy 2030+ of the Czech Republic.

2. Conception of education according to the strategy 2030+

2.1 Strategy 2030+

Strategy 2030+ (Ministerstvo školství, mládeže a tělovýchovy / Ministry of Education, Youth and Sports

of the Czech Republic, MŠMT in Czech, 2020) is heading towards creating and developing an

educational system that reacts to the changing external environment and provides relevant educational

content from a lifelong perspective. Its objective is to modernise education so that both children and

adults can stand the dynamic and constantly changing world of the 21st century.

In this respect, the organisation and way of education require a change since they still reflect the 

needs of the past rather than the future. The strategy objectives (i.e., to develop the educational system to 

provide knowledge, skills, and opinions usable in personal, civil, and professional life) must govern the 

content, methods, and forms of education. In addition, the educational institutions must create such an 

environment that would be safe, fair, inspiring, and challenging enough for everyone. 

2.2 Reform of teachers’ preparation 

The reform of teachers’ preparation has been prepared within the implementation of the Strategy 2030+ 

and the Strategic Plan for Higher Education since 2021. 

Regarding the preparation of the reform of teachers’ preparation, the systems of teachers’ preparation 

in various countries have been analysed. The reform also takes grounds in existing documents devoted 

to the pregraduate preparation of teachers in the Czech Republic (Janík, 2005; MŠMT, 2004, 2021). 
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     The data analysis revealed 6 primary opportunities to improve the pregraduate preparation (MŠMT, 

2021): 

1. A missing vision of teachers’ preparation objective, mistrust between the main

stakeholders (Faculties-MEYS) and the lack of information on the quality of the

graduates. To deal with the quality of teachers’ preparation, there must be a clear idea of

their competencies. These have not been specified yet. Current mechanisms of the quality

check of the teachers’ preparation primarily focus on inputs (approval of accreditations); there

are no mechanisms at the level of the MEYS which would deal with outputs (quality of the

provision of the teachers’ preparation). A lot of information states that Czech graduates of

teacher’s studies fundamentally lag behind their European colleagues, primarily in the area of

motivation to study and guiding students to critical thinking.

2. Insufficient interconnection with the practice. The extent of practice in the pregraduate

preparation of teachers in the Czech Republic.   It has increased in recent years, yet still

belongs to the lowest among the analysed European countries. The critical indicator cannot

be a mere length of the practice but primarily the quality and related conditions: senior active

teachers are not remunerated adequately, they do not have sufficient support for their

education in this role, and the practice is not concentrated at the best teachers. Although the

Faculties have quite a wide range of faculty schools, but the intensity of the cooperation and

the engagement of senior active teachers with active experience at lower grades of schools

in the teachers’ preparation is insufficient.

3. Little room for innovations in studies. Although framework requirements of the MEYS

guarantee minimum standards of the structure of teachers’ preparation, they significantly

limit the room for innovations – for example, for a more significant increase of the practice

or conceptions of programmes with a qualification in the area of education in framework

educational programmes (e.g. Man and Nature) instead of specialisation combination.

4. Room for the Faculties to be more open. Faculties of Education employ a minimum of

foreign academic employees. There is a huge opportunity to share good practices.

5. An opportunity to admit – 1-2 thousand applicants for study with good prerequisites

and interest in learning. The preparation of quality teachers depends on two fundamental

factors: the first being the quality of the preparation, the second being the motivation and

personal dispositions of the applicants for study.

6. Insufficient information on the capacities of the system, primarily in the field of didactics.

All of the above-listed opportunities must be used so that the pregraduate preparation of teachers 

could be improved. In our paper, we will focus only on one opportunity – to improve the interconnection 

of the pregraduate preparation with the practice. The meaning of the pedagogical practice is derived 

from the statement that “practical execution of an activity results in the acquisition of experience, 

therefore, in the improvement of the activity.” (Solfronk, 2003). 

Regarding the interconnection of the preparation and practice, the Czech Republic is close to the 

so-called “Scandinavian model” (see Fig. 1), which consists in a relatively small extent of the practice, 

but emphasises the quality of the practice and its quality. 
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Figure 1. Minimum ratio of practice in the study of Teaching for the lower secondary schools in the Czech 

Republic and selected European countries (MŠMT, 2021). 

In this context, the practice must concentrate in a network of faculty and clinical school and at teachers 

identified as the best for supervision. They must be adequately remunerated for this activity. They should 

participate in the output training and acquire suitable mentoring support from field didacticians and heads 

of practices at the faculty level. 

Apart from practice, there are also other opportunities for personal interconnection with the practice, 

primarily engagement of active teachers and other experts outside the academic area in teachers’ preparation. 

3. Clinical school and its role in teachers’ education

The need to provide future teachers with both theoretical and practical preparation was the driving idea of

interconnecting a school preparing future teachers with the place of their future execution of their

pedagogical practice. This role has been fulfilled by training and faculty schools.

However, we cannot interchange a faculty school with a clinical school, even though students perform 

their pedagogical practice there. The difference between a faculty and clinical school is that a faculty school 

concludes an agreement of cooperation, or a partnership agreement, with the faculty of education (or any 

other) preparing teachers. Apart from this agreement, faculty schools are not interconnected with the 

faculty that prepares teachers in any way (organisation, premises, staff, or economic and legislative 

issues). This is not the case of a clinical school. A clinical school is a primary or secondary school whose 

institutor is an institution preparing future teachers. In an ideal case, a clinical school is an environment 

to develop pedagogical experience, transfer scientific findings into the school practice, and cooperate 

with students of teaching, teachers of the clinical school, teachers of future teachers, and researchers. A 

clinical school is then understood as a primary or secondary school established for the purposes of 

students of teaching, i.e., future teachers (Bendl et al., 2011). 

Of course, there are many organisational variants of the interconnection of a primary and secondary 

school with the faculty preparing teachers. These variants differ, for example, in the level of freedom of 

engaging teachers from clinical schools in teaching at the faculty level, the level of engagement in 

scientific and research activities, etc. 

An important role of clinical schools in teachers’ education is specified in the reform of teachers’ 

preparation, namely in the area of the main objectives of the reform development and measures to 

achieve them by 2024. 

It concerns the specification of the following objectives (Bendl et al., 2011): 

1. Faculties cooperate with a network of faculty and clinical schools at several levels:

a. They conduct research there and pilot new didactic methods and materials.

b. Directors and teachers of these schools participate in decision making on the
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curriculum of teachers’ preparation. 

2. Effective interconnection of the faculties and practice requires fulfillment of the following

factors:

a. Most students’ practice is conducted at the faculty and clinical school.

b. The teacher reflects on each lesson taught by the student.

c. Ongoing and continuous practices are conducted under the supervision of teachers who

have participated in the output education of the faculty. The teachers then receive

support from the faculty for their activities.

d. A significant part of the teachers at the faculty and clinical schools is involved in

teaching at the faculty.

e. Most teachers at the faculty, primarily dealing with teachers’ preparation, are also

senior active teachers.

4. Activities strengthening the interconnection of the pregraduate preparation of teachers with

the practice

As it was already mentioned in Chapter 2, our paper is going to focus on activities oriented on the 

improvement of the interconnection of the pregraduate studies with the practice. We will present 

activities that are already being implemented as well as those planned. 

4.1 Extent of pedagogical practice and its quality 

As stated in (MŠMT, 2021), despite the fact that the extent of pedagogical practice has increased in the 

Czech Republic in recent years, it belongs to the lowest among the European countries. According to the 

framework requirements of the MEYS (MŠMT, 2017), the practical part (i.e. supervised and reflected 

hearing, ongoing, and continuous practice) in degree programmes for teachers of lower secondary and 

secondary schools must constitute 8-10 % of the overall preparation, which corresponds with 24-30 

credits. Under the assumption of a 30-hour workload per 1 ECTS credit, corresponding with 720-900 

hours. All Faculties of the University of Ostrava, preparing future teachers of secondary schools, award 

24 credits for the practice. Before the institutional accreditation was awarded, the Faculty of Science, 

University of Ostrava, had been exceptional for having extra two weeks of continuous practice for each 

specialisation compared with other fields of study. However, the length has been unified to five weeks, 

and the students might extend it with the guarantor’s consent. Therefore, there is room for discussion 

about the possibilities of an increase. However, this might happen within future accreditation. Therefore, 

we have decided to offer the students so-called supplementary pedagogical practice. 

It concerns an optional system of pedagogical practice when a student can take advantage of a wide 

range of additional activities, ranging from observation and analysis of hearings in related specialisation 

subjects, observation and active participation in other school and after-school activities, to individual 

daily practice in the form of "A day with a teacher in a school", when a student spends a day/more days 

with a teacher, takes part in all activities of the teacher, and discusses the activities with the teacher. The 

choice of activities is primarily bound with the degree programme type and the year of the student’s 

studies, i.e., the connection with the student's previous experience with the pedagogical practice. 

Although such practices are not obligatory (the student will not get any credits) and the school 

instruction was restricted due to the pandemic in 2020 and 2021, the practices were attended by 74 

students (sometimes repeatedly) and actively joined by 34 teachers of secondary and primary schools. 

Since the organisation of these practices is time-consuming with such a large number of students and 

teachers, students of informatics created a booking system as their Annual project. This system enables 

the teachers to register and insert offers for this additional practice, and students can select and book 

them. It also provided room for evaluation of these practices by both sides. 

However, the extent of the practice itself is not the only essential indicator of a sufficient 

interconnection of the studies with the practice. We are sure that quality practice requires the reflection of 

all stakeholders, i.e., students (future teachers), senior active teachers, and field didacticians. Therefore, 
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we engaged senior active teachers (which relates to their higher remuneration) in the preparation, 

implementation, and reflection of ongoing pedagogical practice. We also created a detailed, structured 

electronic questionnaire that serves as a self-evaluating and evaluating tool for a detailed reflection. 

The e-reflective questionnaires had more variants (preparation for a lesson, self-reflection of the lesson, 

reflection of the lesson in face-to-face/online form, self-reflection of audio-visual recording) which took 

into consideration the needs of individual stakeholders involved in the practice reflection (Václavíková, 

2019; Václavíková et al., 2022; Václavíková et al., to appear). In 2021, we received almost 300 e-

reflective questionnaires in various variants. 

If the self-reflection and reflection of teaching are to be of high quality, a good evaluation tool is 

not enough. A deep analysis of the quality must be carried out. Therefore, we also focused on acquiring 

audio-visual recordings of lessons, which is a huge benefit for such an analysis. A database of these 

recordings also helped us implement practices during the school closure. 

4.2 Involvement of teachers from practice into teaching 

The objective of another activity was to involve experienced teachers from practice in the preparation of 

future teachers as much as possible. The participation of these teachers from practice in the education of 

future teachers can be of various forms, ranging from seminars and lectures to workshops, excursions, etc. 

The objective is mainly to share good practices, the development of pedagogical competencies of future 

teachers, and the higher use of interactive and activation teaching methods. 

In 2020, there were 22 actively engaged teachers and other experts outside the academic area. In 

2021, it was 26. In total, they participated in 55 educational activities. For interest, there are some of the 

topics:  

• Development of computational thinking in the context of the upcoming changes to the

Framework Educational Programme.

• Modern trends in teaching programming at secondary schools supporting independence from

a specific programming language.

• Experiences with online teaching in primary schools.

• The function of the textbook and experience with its creation.

• A teacher-beginner from the perspective of school management.

• Working with pupils with support measures, the role of the teaching assistant and the

educational advisor, and the pedagogical support plan.

• Teaching science to gifted pupils.

• How to work with film.

• Media education.

• Occupational safety in teaching chemistry.

• Management of the heterogeneous classroom and communication with parents.

• Teaching in a Waldorf school.

• Teaching science subjects in the context of the findings of neuropedagogy and

neuropsychology.

• The use of GeoGebra for teaching mathematics in secondary schools.

• Problems in maturita (secondary-school leaving) tests and entrance examinations.

• Financial mathematics.

• Mathematics in biology.

• Motivation in teaching mathematics to older pupils in secondary schools.

4.3 Cooperation with schools and teachers in the area of research and creative activities 

An inseparable part of the close interconnection with the practice is the cooperation within creative 

activities and mutual participation in the implementation of research activities. This cooperation is 

sought by both sides.  A school is a platform to implement action research aiming at identifying a place 

to improve education. It is also necessary for the acquisition of feedback on the quality of the pregraduate 
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preparation of teachers, both in the implementation of reflective pedagogical practice and in the 

evaluation of the integration of new graduates (teachers) into individual processes at the corresponding 

school. 

On the other hand, a university can (and should) provide primary and secondary schools with the 

transfer of new trends, methodologies, or directions stemming from current research results in education. 

Those should be reflected both in the preparation of future teachers and in the offer of lifelong learning 

courses for teachers. 

Finally, yet importantly, research activities might be performed directly in the school. This brings 

along a synergic effect when a pair of teacher-academic or a triplet teacher-future teacher-academic create 

a team that conducts research on a given area of teaching processes, evaluates them, and implements the 

results into the educational process in order to increase its quality. 

Cooperating with teachers of primary and secondary schools, we created our first case reports 

(Konečná & Vavroš, 2017;  Kričfaluši et al., 2017), others are being intensively worked on.   We also 

carried out a survey on the quality of the preparation of future teachers (Konečná, 2012).   Surveys are 

usually linked to specific periods related to the current concept of pregraduate teacher training, its 

evaluation, and the proposal of adjustments to the concept. As we had to accredit all existing programmes 

preparing future teachers according to the new rules in the period 2016-2018, the first students who have 

completed the entire teachers’ preparation (i.e., Bachelor’s and consecutive Master’s programmes) under 

the new concept will graduate in 2024. For this reason, a similar survey has not been carried out in recent 

years. 

We also deal with innovation and the preparation of lifelong learning programmes designed for 

further education of pedagogical staff. The innovation primarily concerns so-called extension studies, 

which are intended for teachers who wish to broaden their qualifications. The creation of new courses 

is inspired by the current needs of schools. For instance, changes in the Framework Educational 

Programme for primary education in the area of informatics and digital competencies and related 

implementation of computational thinking at primary and secondary schools resulted in a complete 

revision of programmes of qualification extension in the field of informatics. Due to the need for the 

transition to the distance form of studies at all schools during the pandemic, questionnaire surveys were 

carried out to find out the effectiveness of the online tools used in primary and secondary schools. As a 

result, a course called “Online vyučování na ZŠ a SŠ” [Online Education in Primary and Secondary 

Schools] was created and accredited, including supporting educational materials. 

4.4 Objectives for the next period 

In this and following years, we want to continue in the activities implemented before. We want to 

develop and possibly supplement them. 

Regarding the implementation of reflective practices, the booking system for optional practice will 

be piloted this year. In the next years, we would like to extend its functionality for other types of 

practices. We also want to acquire audio-visual recording as much as possible to enable detailed 

reflections, deep analyses, or the creation of didactic case reports. In addition, we would like to maintain 

and even develop the involvement of teachers from practice to teaching. For example, it could concern 

tandem teaching when preparing future teachers. 

We are also planning to organise a joint meeting with representatives of secondary and primary 

schools in the Moravian-Silesian Region or other neighbouring regions. During this meeting,  we want 

to discuss, in particular, the possibilities of intensified cooperation with schools and teachers in shortage 

qualifications, and the possibilities of popularising shortage qualifications among secondary school 

students in order to increase the number of applicants for/graduates from these qualifications, 

suggestions for improving the quality of pregraduate teachers’ preparation and specific requirements of 

schools to provide further education of pedagogical staff through lifelong learning programmes. 

We also want to strengthen the cooperation with teachers from practice in the framework of creative 

and research activities. We want to involve them more in joint research activities, in consulting, 
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supervising, or opposing Bachelor’s and Master’s theses. This also includes offering them passive and 

active participation in our professional seminar for didacticians, etc. 

At the same time, an intensive discussion is taking place at the university management level, with 

faculty representatives and representatives of the Moravian-Silesian Region on the possibility of 

establishing a clinical school at the University of Ostrava. This would, of course, enable a more 

systematic and intensive implementation of our planned activities, especially in research and creative 

activities. However, the establishment of such a school requires, first of all, an adjustment of the existing 

legislation in the Czech Republic.

5. Conclusion

Historically, teaching belongs to one of the oldest professions. Transfer of various knowledge, findings,

and skills was ensured by the elders, priests, tribe chieftains, shamans, parents, and, of course, specialists

in this area – teachers. They all pursued the goal of preparing the trainee for practical life as best as

possible. We also follow this goal in the area of pregraduate preparation and postgraduate education of

teachers.
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Abstract. Neurodegenerative diseases of the central nervous system are now considered a 

serious problem. These diseases are often considered only as diseases of the elderly and are 

therefore collectively referred to as senile diseases. However, research shows that more and 

more young people are suffering from neurodegenerative diseases of the central nervous 

system. The work examined the knowledge and awareness of high school students about 

neurodegenerative diseases of the central nervous system, especially Alzheimer’s disease. 

1. Introduction

Neurodegenerative diseases are characterized by nerve cells’ gradual death and subsequent memory

impairment. Throughout the nervous system, neuronal changes occur, which in the very end cause the

complete disintegration of the individual and the loss of the individual’s self-sufficiency. Sick people

are gradually becoming dependent on the people around them. As the world’s population grows, so

does the number of patients suffering from any central nervous system diseases. These diseases

include Alzheimer’s disease (AD), Parkinson’s disease, Huntington’s disease, and others

(Nevšímalová et al., 2002). Alzheimer’s disease is often confused with another type of

neurodegenerative disease because their mechanisms are very similar.

During the onset and development of diseases of the nervous system, biological changes in the 

nervous system occur, and gradual changes in biochemical processes, which occur at the cell level and 

the entire nervous system, are closely connected with this. We perceive the impact of these changes as 

the development of the disease. Neurodegenerative diseases are diseases that significantly affect the 

lives of individuals and their families and loved ones. Therefore, this topic should be included in 

biology and chemistry lessons. An analysis of the biochemical events that accompany this disease can 

help students better understand the mechanisms and effects of the disease on the human body. 

2. Central nervous system

To properly understand the development of neurodegenerative diseases, it is necessary to explain how

the central nervous system works. It consists of the brain, the elongated spinal cord, and variously

advanced nerve pathways. Its basic building block is a neuron composed of dendrites, cell body, initial

segment, axon, and nerve endings - synapses (Novotný & Hruška, 2015). In addition, the neuron

comprises lipid-forming chemicals, specifically phosphoglycerolipids and sphingolipids (Koolman &

Röhm, 2012).

The end of an axon, a long fiber coming from the body of a neuron, is richly branched. Individual 

endings connect with the fibrous ends of other neurons. To do this, specialized ends of the axon, the 

so-called synapse, are taught, enabling the secretion of neurotransmitters. The transmission of nerve 

impulses, which takes the form of the action potential, increases the permeability, i.e., the 

permeability of the presynaptic membrane to calcium ions, and opens up the corresponding channels. 

The release of mediators is due to the exocytotic mechanism of synaptic vesicles (Trojan et al., 2003). 
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3. Alzheimer’s disease

In the subconscious of the general public, it is referred to as an elderly disease.   However, this claim

is increasingly being made as it affects more and more young people. Alzheimer’s disease (AD) is

characterized by nerve cell death, which causes brain loss and memory impairment (Bauer et al.,

2021).

3.1 History 

AD is one of the extrapyramidal neurodegenerative diseases belonging to the group of 

amyloidopathies. In 1907, Alois Alzheimer described the case of a 51-year-old woman who suffered 

from rapidly worsening memory loss and other psychiatric disorders. She died about four years later. 

Several progressive and fatal neurological conditions have been known, including senile dementia. 

Even so, this condition was something new and undescribed for Alzheimer’s. Later, AD was divided 

into two clinical conditions depending on the age of onset. The term presenile dementia was reserved 

for the age group up to 65 years, and the term Alzheimer’s type dementia was used for patients over 

65. Today, this definition does not apply, and therefore, the single term Alzheimer’s disease is used

(Castellani et al., 2010).

This disease is a chronic-progressive disease of the nervous system. Degenerative neuronal death, 

i.e., the death of nerve cells, occurs with the simultaneous formation of histopathological changes. 

This is currently one of the most severe health and socio-economic problems (Nevšímalová et al., 

2002). AD is recognized by the World Health Organization (WHO) as a global public health priority. 

No treatment has been found since the first case reported in 1907 (Bauer et al., 2021). 

3.2 Description of the disease 

The disease must be distinguished from other conditions based on causes and symptoms, despite 

their interconnectedness and remarkable similarity. Although no completely reliable biochemical 

indicator today can unambiguously confirm AD, the indicators for either Parkinson’s disease or 

Lewy body dementia are different. Therefore, histological examination of the brain at necropsy 

remains the only accurate determination of AD (Castellani et al., 2010). 

It is reported that in 2018, AD had almost 6 million people, of whom 200,000 were under the age 

of 65. Another prognosis says that the number of patients with AD will increase to more than 100 

million cases by 2050. Every 20 years, AD findings regularly double (Bauer et al., 2021). 

3.3 Chemical effects 

The main features of Alzheimer’s pathology are amyloid plaques, also referred to as Alzheimer’s 

plaques, and neurofibrillary tangles composed of paired helical fibers. Amyloid plaques are 

extracellularly accumulated peptides consisting of 40 or 42 amino acids that form β-amyloid (Aβ). 

Aβ concentrates in larger aggregates and impairs nerve function or indicates inflammatory processes 

(Lane et al., 2017). 

Proteases produce β-amyloid protein (APP) precursors with unknown functions. In normal 

functioning, APP is cleaved by two proteases that convert insoluble membrane protein to soluble 

peptides. In patients with AD, APP is cleaved by another secretase that acts elsewhere and forms a 

precursor of insoluble Aβ (Koolman & Röhm, 2012). Form Aβ42 is the key in the pathogenesis of 

AD (Lane et al., 2017). 

In addition to the above pathological features, neuropile fibers, affected neurites, and glial 

activation, i.e., nerve cell activity, are observed. These pathological processes include 

neurodegeneration and neuronal loss, leading to macroscopic atrophy - brain shrinkage (Lane et al., 

2017). The whole process of degeneration and Aβ plaques can be seen in the figure 1. 
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Figure 1. Healthy brain vs. Alzheimer's disease (available from: www.mdpi.com). 

Inflammation of the nervous system is closely associated with AD. It was discovered more than 

30 years ago, but it is still unclear whether it is a cause or a consequence of the disease. Usually, 

the inflammation subsides on its own, but if its symptoms persist, the inflammation becomes 

chronic. Chronic inflammation can have detrimental effects on brain function due to the release of 

cytotoxic factors. There is ample evidence to suggest an effect of inflammation in the pathogenesis 

of AD. The primary sources of cytokines, proteins responsible for immune responses, are microglia 

and astrocytes, which contribute to the development of inflammation. They also play a crucial 

role in observing the brain and its homeostasis. Under normal conditions, they have neuroprotective 

effects, participate in phagocytosis, and maintain a healthy brain environment. In response to disease, 

inflammation, or injury, they are activated, leading to the production and release of inflammatory 

cytokines, including various interleukins, i.e., peptide chains involved in the regulation of immune 

processes (Ozben & Ozben, 2019). During the presymptomatic phase of AD, microglia are activated 

by pro-inflammatory mediators, leading to synaptic dysfunction and even neuronal death. Active 

microglia have been shown to produce free radicals, such as nitric oxide or neurotoxic substances 

that kill neurons. The presence of active microglia surrounding amyloid plaques and increased 

levels of pro-inflammatory cytokines in the periphery and the autonomic nervous system promotes 

inflammation during AD (Ozben & Ozben, 2019). The mechanisms leading to the development of 

AD symptoms are, for example, apoptosis, the action of amino acids, aluminium and other 

chemical elements, free radical reactions, lipoperoxidation processes, and others. There is a decrease 

in the number of cholinergic neurons and acetylcholine in the cerebral cortex. Acetylcholine 

deficiency is the starting point of memory disorders, which is the basis for some AD treatments 

(Nevšímalová et al., 2002). 

Acetylcholine (ACh) formation occurs in the presynaptic axons’ cytoplasm through the 

enzymatic action of acetyl-CoA and choline. Subsequently, ACh is stored in synaptic vesicles. 

Exocytotically secreted ACh diffusely travels to postsynaptic membrane receptors. In the synaptic 

cleft, ACh inactivation begins by hydrolysis to acetate and choline. The reaction is catalyzed by 

acetylcholinesterase, which removes precipitated ACh. Choline is then taken up by the presynaptic 

neuron and glial cells and reused for ACh synthesis (Koolman & Röhm, 2012). 

A clinical picture of memory loss and at least one other impairment of another cognitive 

component, such as social or work disorders, is necessary to diagnose AD. For example, dysfunction 

gradually manifests itself to varying degrees in speech, personality, judgment, vision, or motor function 

(Castellani et al., 2010). 
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The disease is also known as tauopathy due to an incorrectly assembled and insoluble tau protein. 

This protein is concentrated in a part of the brain called the hippocampus. It is part of the 

neurofibrillary protein cluster, typical in patients with AD and other neurodegenerative diseases. It is a 

protein that controls the mechanisms in the brain. When tau protein autophagy is suppressed or 

partially fails, a neurodegenerative process begins that manifests in the brains of patients with AD 

(Bauer et al., 2021). 

A growing number of studies also attribute oxidative stress - lipid peroxidation and DNA and 

protein production are increasing in patients’ brains. As a highly oxidizing organ, the brain consumes 

20% of the body’s oxygen. During ageing, metal ions of iron (Fe), zinc (Zn), and copper (Cu) 

accumulate in the brain, which affects the reactions taking place in the brain. In AD, the β-amyloid 

peptide can efficiently produce reactive oxygen species. Amyloid forms free radicals that extract 

protons from surrounding lipids by reducing copper ions. The copper cation then reacts with the 

molecular oxygen formed to form hydrogen peroxide (Smith et al., 2007). 

Metal ions mediate the oxidative stress mechanism of β amyloid toxicity and modulate it in 

neuronal cultures, with copper ions increasing toxicity while zinc ions weaken it. Amyloid dissolved in 

a medium containing iron ions is also toxic to neurons (Smith et al., 2007). 

In addition to the influence of metal cations, other substances, such as D galactose, may be an 

early sign of AD progression. When too much D-galactose is present in the body compared to D 

glucose, metabolic dysfunction occurs, and oxidative stress is induced (Bauer et al., 2021). 

AD is based on chemical indicators in the brains of patients and is a combination of various 

biochemical processes in which acetylcholine, β-amyloid, τ -proteins, D-galactose and others play an 

essential role. 

3.4 Therapy 

Czech scientists, led by renowned neurologist Martin Tolar, are preparing a test to detect the disease 

before the first symptoms appear. Then you can start early treatment, which is not to stop the disease, 

but only to significantly slow it down. Attention is paid to toxins that destroy brain cells that appear in 

the cerebrospinal fluid. The cerebrospinal fluid contains large amounts of salts, proteins, and other 

substances that significantly complicate the recognition of toxins. A method of treating cerebrospinal 

fluid samples in which accumulating substances would be detectable is currently being prepared. In 

parallel with toxin research, a sense is developing that should prevent their formation in the brain. If this 

test and drug prove functional, they should be available in 3 years (Karlík, 2021). 

In February 2022, according to the Forbes website, Martin Tolar and his company, Alzheon, 

discovered the positive results of a study of the ALZ-801 tablet. The tablet’s functionality is caused 

by identifying the toxin, which, according to the authors, is the cause of AD (Saiver, 2022). 

4. Research at school

The research focused on students in primary schools and grammar schools. Data collection took place

in two age categories, aged 13-15 and 16-18. The questionnaire contained three basic questions

dealing with the topic of neurodegenerative diseases.

The first question was the selection of diseases that fall into neurodegenerative disorders. 

From an open selection of options where diabetes and epilepsy also occurred, the correct 

answers were Parkinson’s disease and Lewy body dementia. The wrong possibility of epilepsy often 

occurs in older and younger age groups. Although it is a neurological disease, it is caused by the 

abnormal activity of neurons (nerve cells), not their extinction. In diabetes or diabetes, there is 

insufficient insulin production in the pancreas, and thus an excessive amount of glucose appears in the 

blood of the person in question.  

The second question looked at the age at which Alzheimer’s disease can occur. The correct and 

only answer is that it does not matter what your age is. There is often a mistaken assumption that this 

is an old age disease. More and more young people are suffering from this disease, so it is essential 

to pay close attention to any symptoms and not underestimate them. The prevalence of Alzheimer’s 
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disease is high, and research shows that the incidence of Alzheimer’s disease doubles every 20 years. 

The third question asked what characterizes Alzheimer’s disease. The disease is usually 

accompanied by forgetting and the death of nerve cells. As a result, there is a loss of self-sufficiency 

and physical ability. However, nausea or hair loss is not a typical feature of this disease, as are tics 

that occur, for example, in Tourette’s syndrome, which occur spontaneously. 

4.1 Research conclusions 

Based on the answers obtained, we think the students did well for the most part. They could be seen to 

have some knowledge about this phenomenon. Nevertheless, we think that including 

neurodegenerative diseases in teaching chemistry and biology would be necessary. In the general 

public, this topic does not fall into the group of popular topics. As Alzheimer’s disease (as well as 

other neurodegenerative diseases) is key to detection as soon as possible, it could provide better 

orientation in the future. 

5. Conclusion

If we were to summarize the most significant errors that appeared in the questionnaires, then we

would mention the following:

• epilepsy does not belong to the group of neurodegenerative diseases;

• Alzheimer's disease is not age-dependent;

• Tics are not a manifestation of Alzheimer's disease.

Biochemical processes in patients' brains help to understand their functioning. Therefore, students 

should be at least generally acquainted with this issue. 
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Abstract. Reading, interpreting, and constructing graphs is an important skill in scientific work 

and an important part of scientific literacy. This competence is gradually developed in several 

subjects at primary schools. Many studies show that the inductive approach and integrative 

themes in the IBSE allow for a greater development of scientific skills than in the traditional 

way of teaching. The article deals with research on the influence of Inquiry-based science 

education on the pupils’ skills of interpretation of data presented in graphic form and on the 

skills of creating graphs. In our research, we examined whether the systematic implementation 

of appropriate enquired tasks into the biology and geography teaching process affects the 

development of pupils’ skills of understanding data expressed in graphs. For this purpose, we 

compiled our own testing tool, consisting of complex tasks focused on active work with graphs, 

as well as a questionnaire focused on pupils’ perception of their own graphic skills.  We 

compared the results of pupils from seventh grade in primary school, who have been learning 

biology and geography in an inquiry way for almost three years, with pupils who are learning 

these subjects in the traditional way. The obtained results confirmed that the implementation of 

inquiry-based education with frequent use of graphs had a positive effect on pupils’ skills to 

read, interpret, and construct graphs. 

1. Introduction

Graphs represent the part of our life not only in school or scientific disciplines, but also in everyday

work or private life. Due to the increasing importance of graphs, graphic skills have become one of the

basic skills of the 21st century that need to be acquired at an early age (Patahuddin & Lowrie, 2019).

Graphical skills are essential in science and reading literacy (Ludewig et al., 2020). However, as reported

by international PISA tests (Koršňáková et al., 2010; Šiškovič & Toman, 2014), Slovak pupils have long-

term problems with reading graphs, and overall their performance is evaluated, compared to pupils from

other countries, OECD, as worrying. The results of studies by authors from abroad (Boote, 2014; Bursal

& Yetis, 2020; Ozmen et al., 2020) also show that, in general, pupils have problems with graph tasks

that require more profound skills, such as graph interpretation and graph construction. As a solution to

this situation, several experts (Al-Balushi & Al-Aamri, 2014; Gillette, 2015; Karolčík et al., 2018)

recommend a targeted and methodologically well-thought-out application of learning tasks and activities

focused on research with frequent use of working with graphs. This enables inquiry-based education

(abbreviation IBE). Efforts to effectively implement IBE have been ongoing in the Slovak educational

environment for more than ten years (more in Dostál, 2015). During this period, several projects were

created to support this concept of teaching in school practice, e.g., the Expedition – try, explore, learn

project (Škodová, 2018a, 2018b) or the IT Academy (more Csachová, 2018). Several studies confirm

that the inductive approach in IBE generally allows for more significant development of pupils’ scientific

work abilities (e.g., Ganajová, 2016; Škodová & Turošíková, 2020; Žoncová & Vojteková, 2018), natural

science, and reading literacy, as is the case with the traditional teaching method (TTM). Whether this is

also the case in the area of reading, analyzing, and interpreting graphically represented information and

creating data in graphic form represents the subject of this study.
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2. The importance of developing the skills to work with graphs

Graphical skills are among the most critical for processing and visualizing a rapidly growing amount of

data in today’s world (Patahuddin & Lowrie, 2019; Zhang, 2016). Graphs represent a very effective

way of presenting data, and their essence is the skills to organize the obtained information by visualizing

the relationships between them (Fry, 1981; Shah & Hoeffner, 2002; Wainer, 1992). Graphical

representation, for example, can help us understand elements and relationships between variables or

tendencies that require complex, deep, and abstract thinking. Graphs are perceived as non-continuous

texts (along with tables). Although graphs are not as accurate as tables, they can provide a quick and

better visual representation (Karolčík et al., 2018).  Like any other language, graphic language is built

according to its rules and regularities and uses its methods and techniques (Fry, 1981).

Some authors (e.g., Woller-Carter & Okan, 2012) classify the skills to work with information 

in graphs into a separate category as graphic or visual literacy. Fry (1981) created one of the first 

definitions of graphic literacy as the skills to read and draw graphs. Visual literacy is crucial for effective 

scientific and professional communication and argumentation (Leu et al., 2004). Its necessary 

condition is a sufficiently developed skill of abstraction and spatial imagination. For pupils with a 

low level of understanding of a continuous text, graphs can help understand it (Sofo, 1985). The 

development of graphic skills is connected with the development of visual analysis - the skills to 

analyze, isolate essential elements, and correlate them with each other. Friel, Curcio, and Bright 

(2001) define pupils’ graph comprehension as the skills to read and make sense of graphs created by 

others or by themselves. Graphics skills need to be developed continuously throughout formal 

education. In elementary school, this skill is developed primarily in mathematics or physics. However, 

developing the skills to work with information in graphic form is also essential in other educational 

subjects, where pupils can understand the interpretive value of graphs more naturally (Boote, 2014; 

Lowrie & Diezmann, 2011; Shah & Hoeffner, 2002).  Many experts (Capraro et al., 2005; Karolčík et 

al., 2018) are convinced that reading, analyzing, or interpreting graphically represented information and 

creating data in graphic form should be a regular part of geographical and biological activities, learning 

tasks, and tests. An encouraging element is, e.g., the results of the study by Karolčík et al. (2018) on a 

sample of 42 pupils, according to whom the skills to read graphs and interpret the data expressed in them 

were significantly improved by the targeted and methodologically well-thought-out application of tasks 

aimed at working with graphs. The gender of the pupils does not play a significant role in this, but as 

stated by several studies, pupils in higher grades almost always achieve better results than younger pupils 

(Berg & Smith, 1994; Koparan & Güven, 2013).  

3. Current status and possibilities of developing the skills of working with graphs in Slovakia

Systematic development of science literacy, including the skills to create and interpret data presented in

graphic form, is not an isolated task of any educational field or general education subject. As a cross-

curricular competence, it requires a well-thought-out learning strategy incorporated into curriculum

documents and contents of educational programs in other subjects, such as mathematics or physics. It

is essential that pupils learn to create graphs and tables in the subjects of mathematics and physics so

that they can then use graphs in specific situations in other subjects for analysis, argumentation, or

interpretation of presented facts (Boote, 2014; Ludewig, 2018; Shah & Freedman, 2011).  The trend to

include work with graphs in the curriculum of various subjects is evident worldwide, including in

Slovakia (Friel et al., 2001; Lowrie & Diezmann, 2011). Looking at the current standards of geography

and biology (ISCED 2) in Slovakia, it is already clear from the general goals that they emphasize, among

other things, working with information in various forms (ŠPÚ/NEI, 2014):

GEO 1: pupils will search for, compare, assess the validity, and evaluate available information 

about the landscape from various information sources, 

GEO 2: pupils present information about the landscape in various forms (graphs, tables, diagrams, 

diagrams, photos, films, etc.), 

BIO 1: pupils analyze, interpret, sort, and evaluate information about organisms and nature. 

In the currently prepared Basics of Changes in Educational Fields (ŠPÚ/NEI, 2021), in the 
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educational field of Man and Society, one of the goals of the third educational cycle is to "acquire the 

skills to use various tools, such as general and thematic maps, graphs, photographs, tables, diagrams" 

(ŠPÚ/NEI, 2021, p. 52). Also, in the educational field of Man and nature, one of the goals is to "acquire 

the skills to systematically organize and express the obtained data (construction of tables and graphs)" 

(ŠPÚ/NEI, 2021, p. 45). Several studies present different levels of working with graphs. One of them 

is a three-level division (Friel et al., 2001) – reading information (visible values in the graph), reading 

between information (comparing, observing, and inferring relationships), reading beyond the displayed 

information (creating conclusions, predictions). For the needs of this study, we defined four related 

areas of working with graphs: 1. read information from a graph, 2. analyze information in a graph, 

3. interpret information from a graph, and 4. present information in the form of a graph (create a graph).

The mentioned areas can be developed through tasks that differ significantly depending on the student’s

thought operations (they have different difficulty levels). The following two-dimensional table expresses

these levels of difficulty within individual graphics skills (Tab. 1).

Table 1. Difficulty levels within individual areas of graphics skills. 

Area/Level of 

Difficulty 
Perceive 

Perform by 

imitation 

Perform 

individually 

Create new 

patterns 

Read the 

information from the 

graph 

(e.g., population, 

average temperature, 

number of endangered 

species) 

The pupil can say 

whether it is possible 

to read the given 

information from the 

graph. 

The pupil can read 

the information from 

the graph according 

to the instructions or 

an analogous 

example. 

The pupil can read 

the required 

information from 

the graph. 

The pupil 

reads 

information 

from the 

graph that 

was not 

required of 

him in the 

past. 

Analyze the 

information in the 

graph 

(e.g., characteristics of 

climate, population, 

the composition of 

human diet) 

The pupil can say 

whether it is possible 

to compare/sort the 

properties/informatio

n displayed by the 

graph. 

The pupil can 

compare/sort the 

properties/informatio

n displayed by the 

graph according to 

the instructions or by 

an analogous 

example. 

The pupil can 

compare/sort the 

properties/informati

on displayed by the 

graph. 

The pupil 

compares/sort

s the 

properties/inf

ormation 

displayed in 

charts that 

were not 

required in 

the past. 

Interpret the 

information from the 

graph 

(e.g., development of 

atmospheric 

temperature, living 

standards of the 

population, causes of 

species extinction) 

The pupil can say 

whether it is possible 

to interpret the given 

phenomena/trends 

from the graph. 

The pupil can 

interpret the given 

phenomena/trends 

from the graph 

according to the 

instructions or an 

analogous example. 

The pupil can 

interpret the given 

phenomena/trends 

from the graph. 

The pupil 

interprets 

from the 

graph the 

phenomena/tr

ends that he 

was not 

required in 

the past. 
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Present information 

in the form of a 

graph 

(e.g., pie, column, 

continuous, climate 

graph, age/food 

pyramid, etc.) 

The pupil can say 

whether it is possible 

to create a graph from 

the given data (e.g., 

in a table). 

The pupil can create a 

suitable graph or add 

the required data to 

the graph according 

to the instructions or 

an analogous 

example. 

The pupil can 

design and create 

the most suitable 

type of graph from 

the given data (e.g., 

in a table). 

The pupil 

processes and 

presents data 

not required 

in the past 

(e.g., from 

field 

research) in 

graphs. 

But what are the possibilities and ways of developing pupils in the particular areas of working with 

graphs? Considering the studies devoted to this issue, we find several of them (Al-Balushi & Al-Aamri, 

2014; Farárik, 2022; Gillette, 2015; Karolčík et al., 2018). When increasing graphic literacy, it is 

necessary to look at the issue from two points of view. First of all, it is necessary to teach pupils to read 

graphs, understand them, and know how to connect information from them and see connections. An 

understanding of graphic language is a prerequisite. Therefore, the teacher’s first step should be to teach 

the meaning-making systems of graphic representations, such as the importance of headings, labeling of 

axes, the meaning of colors, and the appropriate type of graph. Only afterward is it possible to move on 

to work with information explicitly or implicitly expressed in the graph? A suitable strategy to support 

pupils when working with graphs is the use of unfinished sentences (e.g., This graph shows ...; The x-

axis represents ...; The difference between the data in the red and blue columns is ...; The data that 

interested me the most was ...; Based on the information in the graph, I expect that will happen...; My 

prediction is supported by data... etc.). As pupils become more adept at interpreting data independently, 

they can be provided with frameworks to help structure the analysis of the graphs (e.g., introduction, 

highlights, anomalies, trends, conclusions, and recommendations). Research by Bursal and Yetis (2020) 

revealed that seventh-grade elementary school pupils have a significantly higher personal perception of 

graphic literacy for bar graphs than for line and pie graphs. These are more difficult to understand 

because they require more abstraction, such as proportional reasoning in pie charts and understanding 

trends of continuous variables in line charts (Tiefenbruck, 2007). Therefore, it is recommended to start 

working with bar graphs. It is also essential that pupils have ample opportunities to explain and justify 

their reasoning and receive feedback from others. Therefore, activities in pairs or small groups are 

recommended (Ozmen et al., 2020).  The second point of view is that it is necessary to teach pupils to 

look for important information in continuous text or tables and to be able to process them in the form 

of a graph. Pupils’ skills to work with information in graphs requires specific essential and integrated 

abilities of scientific work (e.g. Held et al., 2011), e.g. observing, judging, classifying, interpreting data, 

controlling variables and describing relationships between them. IBE is aimed at their development. 

Therefore, pupils can be more successful in classes with this education concept (Ganajová, 2016; 

Nicolaou et al., 2007; Picone et al., 2007). 

4. Goals and research methods

The research aimed to study the impact of a research-oriented educational program on the subjects of

geography and biology on the skills of pupils to work with information in the form of graphs in pupils

in the 7th grade of primary school. The research has the character of a case study (Mareš, 2015). One

possible method of reasoning within a case study is theory testing through hypothesis verification

(Johanson, 2003). Several studies (e.g., Beler, 2009) show that some pupils dislike graphs and feel

anxious when reading and interpreting them, which worsens their understanding of graphs. Therefore, in

addition to cognitive abilities in using graphs, we also investigated the pupils’ beliefs about their abilities

when working with graphs. In this way, they obtained a more comprehensive picture of the graphic

literacy level of the pupils. Based on the above findings, we formulated a relational research question:

RQ1 –What is the connection between the perception of one’s skills to work with graphs and the

dominant teaching strategy? In connection with RQ1, we made the following assumption: A1 – Pupils

in a class with a dominant IBE perceive their skills to work with graphs more positively than pupils with
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a traditional teaching method (hereafter TTM). 

By comparing the performance standard of selected thematic units of the subject geography, 

biology, and mathematics (ŠPÚ/NEI, 2014a, 2014b, 2014c), we concluded that the graphic tasks 

correspond significantly with the skills and content that the 7th-grade pupils have mastered in the 

subject of mathematics.  That is why we asked ourselves a descriptive and relational research question: 

RQ2 – In which subjects do pupils often solve problems with graphs? and RQ3 – What is the connection 

between the pupils’ results in solving graphic tasks and their grades in mathematics? In connection with 

RQ2 and RQ3, we made the following assumptions: A2 – Pupils solve graphic tasks much more often in 

the subject of mathematics than in the subjects of biology and geography, and A3 – Pupils with a better 

grade in mathematics achieve better performance in solving graphic tasks than pupils with a worse grade 

in mathematics. 

Several studies (e.g., Nicolaou et al., 2007; Picone et al., 2007;) show that the abilities of scientific 

work and, within them, the skills of pupils to work with information in the form of graphs are much 

more developed in constructivist-oriented or IBE, as in the standard way of teaching. We have therefore 

formulated a descriptive and relational research question: RQ4 – Through which teaching strategies do 

pupils work more with graphs? and RQ5 – What is the connection between the pupils’ results in solving 

graphic tasks and the dominant teaching strategy? In connection with these research questions, we made 

the following assumptions: A4 – Pupils in a class with dominant IBE solve graphic tasks more often 

than pupils in classes with TTM and A5 – Through IBE, pupils of the experimental group (hereafter EG) 

achieve better than the control group (TTM) performance in solving graphic tasks. 

The research tools were a questionnaire and a self-designed worksheet in printed form. After 

considering all the facts found from their pilot verification (two pupils with different grades), we set the 

time to solve at 45 minutes. The questionnaire and worksheet were identical for both the research and 

control groups. Respondents in individual items of the questionnaire chose a value on a five-point 

numerical scale (from 1 – almost always to 5 – almost never). The questionnaire contained ten items 

within three monitored areas: 

1. Frequency of solving tasks with graphs in geography, biology, and mathematics lessons (How

often do I solve tasks with graphs in geography/biology/mathematics lessons?)

2. Developing levels of graphic skills in geography and biology lessons (Do I read data from graphs

in geography and biology lessons? Do I analyze a graph in geography and biology lessons –

what is its function, what does it show, what relationships does it describe, what follows from

the graph, etc.? Do I have the opportunity to create my graphs in geography and biology classes?)

3. Perception of my abilities when working with a graph (Do I understand the graphs I see in class?

Do I know what information the graphs I see provide? Can I solve the tasks in which the graph is

located? Can I explain the relationships between the quantities in the graphs?)

The worksheet was processed according to the principles of creating a worksheet (Žáčok & 

Schlarmannová, 2005), test tasks (Csachová, 2016; Tolmáči & Križan, 2014), and principles of creating 

graphic tasks (Lapitková et al., 2015). It consisted of four complex tasks and ten sub-tasks of different 

types. According to Chrásek (1999), it is the minimum number to ensure acceptable test reliability (more 

details in Kalhous & Obst, 2002). They are focused on the following skills: read the information in 

graphs, analyze information in graphs, interpret information in graphs, and construct graphs (Tab. 2). 
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Table 2. Monitored competencies, focused on working with graphs in worksheet tasks. 

Task Task 1 Task 2 Task 3 Task 4 
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Note: PT – Partial Task 

When designing the individual tasks, the intersubject relationships of biology, geography, and 

mathematics were used based on the content and performance standards of these subjects (ŠPÚ/NEI, 

2014a, 2014b, 2014c). The central theme of the worksheet was the occurrence of ticks and the risk of 

diseases transmitted by ticks, depending on several spatial and biological aspects expressed in graphs, 

tables, and text. In the worksheets, we have included graphs used most often in geography and biology 

classes (line, bar, and composite graphs) and information in text and tables that pupils should express 

in the form of a graph. Sub-tasks represented questions and tasks at different levels of cognitive 

difficulty and stimulated reading, interpretation and analysis of information in graphs (e.g., "How would 

you name your graph?"; "Name at least two data that you can find out from the graph."; " Write at least 

three statements that follow from the graph."; "What is the relationship between the displayed graphs? 

How are they different?"; "How is the graph from task 4 related to the other tasks in the worksheet?" 

etc.). 

The research sample comprised 56 pupils in the 7th year of elementary school and the second year 

of an eight-year high school. To be able to objectively determine whether the dominant concept of 

teaching affects the level of pupils' graphic skills in the subjects of biology and geography, two groups 

of respondents were included in the survey: the experimental group (hereafter EG – research method of 

teaching biology and geography according to the educational program ExpEedícia – try, investigate, 

learn at Elementary School in Banská Bystrica, 23 pupils) and a control group (hereafter CG – the 

traditional way of teaching biology and geography at school in Ružomberok, 33 pupils). Based on the 

assessment (using a questionnaire) of the half-year grades in the subjects of geography, biology and 

mathematics, we were able to identify both groups as equal in terms of the achieved knowledge in these 

subjects (ES: BIO – 1.26; GEO – 1.26; MAT – 1.52; CG: BIO – 1.13; GEO – 1.44; MAT – 1.55). 

The survey was conducted in April of the 2021–2022 school year. The questionnaire and the 

worksheet were filled out (after the same introductory instruction) by EG and CG pupils, always in one 

lesson, and it was neither the first nor the last. Mathematical-statistical methods were used to process 

the obtained data, such as the arithmetic mean of the obtained absolute and relative scores of the 

evaluated areas and a simple linear correlation using the Pearson correlation coefficient. We analyzed 

the obtained data quantitatively and qualitatively within the evaluated areas. After evaluating the 

worksheets, pupils were given feedback on their skills to work with information in graphic form. Even 

though it was only an available selection of respondents (Gavora, 2010) and a relatively small research 

sample, as stated by Flybvjerg (2006), even based on an individual case (case study), it is possible to 

conclude a specific development of scientific knowledge. 

5. Results

The result of the data analysis from a questionnaire survey (N=56), focused on the frequency of using

graphs within the two dominant teaching strategies (TTM vs. IBE) and within individual educational

subjects, is that pupils in the class with IBE work on these subjects with graphs much more often, even

though the educational program ExpEdícia – try, explore, learn is not explicitly focused on the
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development of this skills in the subjects of geography and biology. We found that pupils in the 

classroom with TTM hardly work with graphs in geography and biology (on average, only 9.4% of 

pupils said that they only "sometimes" work with graphs). This is also related to the frequency of use 

of individual levels of skills to work with information in graphic form (reading, interpreting, analyzing, 

creating graphs), then pupils from the class with IBE devoted themselves to these levels several times 

more often. On the contrary, the frequency of working with graphs in mathematics classes was more 

significant in the class with TTM than in the class with IBE. In both groups, however, the assumption 

that pupils solve graphic tasks much more often in the subject of mathematics than in the subjects of 

biology and geography was confirmed (Fig. 1). Regarding the perception of their abilities when working 

with graphs, pupils with TTM evaluated them somewhat more positively (76.75% of pupils almost 

always or often understand graphs and can solve tasks in which graphs are found). Pupils with IBE 

chose these options in 70.56%. 

Figure 1. Frequency of working with graphs in the lessons of geography, biology, and mathematics in the 

classroom with TTM and IBE, explanations: 1 – almost always, 2 – often, 3 – sometimes, 4 – mostly not, 5 – 

almost never. 

We also researched the connection between the pupils' results in solving graphic tasks in the 

subjects of geography and biology and the dominant teaching strategy. We focused on comparing 

student performance in individual and partial tasks (in the context of individual levels of work with 

information in graphic form) between the research and control groups (Fig. 2). 

Figure 2. Pupils' success in tasks focused on individual areas of working with graphs. 

The lowest level is the skills to read from the graph the information that is explicitly marked 

on it, for example, "In which location did the scientists find the most ticks?", "In which year was there 

the fewest ticks?" (Task no. 1), "What was the number of tick-borne diseases encephalitis between 2010 
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and 2012?" (Task no. 6). Pupils often had problems finding and understanding the connections between 

the question and the data in the graph, even when they were explicitly stated in the graph. Other mistakes 

were that the pupils did not notice the marking of the axes, wrote their judgments in the answers, not 

the information they could read from the graph, and added up the found values for no reason. When 

comparing research samples, EG (IBE) achieved a higher success rate (average score 70.3%) than CG 

(TTM) (average score 51.85%). 

Analyzing information in graphic form means comparing specific information, selecting the 

highest, lowest, or somewhat interesting or different values. The task for the analyst in the worksheet 

was to compare two graphs and express how they differ (Task no. 5), search for similar information in 

several graphs (Task no. 7) or compare information from several years in one graph (Task no. 9). The 

most common mistake was that the pupils could not perceive and understand several pieces of 

information in the graph at the same time, compare them and record the differences appropriately. When 

comparing research samples, EG (IBE) achieved a higher success rate (average score 47.5%) than CG 

(TTM) (average score 17.2%). 

Interpreting information in graphic form means finding the information from the graph that is 

not explicitly recorded, describing the relationships between variables, making judgments, and 

generalizations. Such tasks for working with information in graphs are quite common. In the worksheet, 

one of the tasks of this nature included naming the graph (e.g., "Incidence of ticks in the years 2016-

2018", especially the pupils in CG were creative, they named their graph as "Tick graph", "My graph 

about ticks", etc.) (Task no. 9), description of what the graph expresses (Task no. 10), write at least two 

statements that result from the graph (Task no. 2-4). The most common mistake was that the pupils 

were unable to assess the relationship between the two quantities in the graph, express the content of 

the graph in the form of its appropriate name, and were unable to interpret and generalize from the graph 

information that was not explicitly recorded in it (e.g., "The number of ticks decreases with altitude"). 

When comparing research samples, EG (IBE) achieved a higher success rate (average score 51.78%) 

than CG (TTM) (average score 44.68%). 

We consider the skills to present information in graphic form (create a graph) to be the highest 

level of working with information in the form of a graph. Task no. 8 was focused on this competence. 

The student’s task was to express the information in the text, table, and graph in the form of a graph. 

The most common mistake was that the pupils did not take into account the graph's legend, did not mark 

the graph's axes, and did not choose the correct type of graph. Out of the total number of pupils (N=56), 

79.49% of pupils successfully solved the task (2-1.5 points). When comparing research samples, EG 

(IBE) achieved a higher success rate (average score 82.6%) than CG (TTM) (average score 59.4%). 

Thus, we have confirmed the assumption that through IBE, the pupils of the experimental group 

(IBE) will achieve better performance in solving graphic tasks compared to the control group (TTM). 

In all monitored areas, ES pupils showed higher scores than CG (Fig. 2). Together, their performances 

improved by 19.76% (EG 63.05%; CG 43.28%). Even though the educational program Expedition – 

try, explore, learn is not primarily focused on working with graphs in the subjects of geography and 

biology, the pupils were able to read, analyze, interpret, and create graphs better. We noticed the most 

significant difference in tasks requiring analysis of information in graphic form (30.3%) and 

construction of graphs (23.2%). Pupils in EG also showed more courage and creativity when working 

with graphs. 

Using the Pearson correlation coefficient, we researched whether there is a relationship between 

the achieved scores of pupils (N=56) in the graphic tasks of the worksheet and the pupils' final half-

year grades in mathematics. According to Cohen's interpretation of the correlation coefficient (Cohen, 

1988), the determined values indicate a moderate mutual correlation of the evaluated indicators (r is -

0.37). 
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6. Discussion and conclusion

One of the critical tasks of geography and biology, as scientific disciplines and educational subjects, is

to develop students’ knowledge, abilities, and skills regarding the search, evaluation, interpretation, and

presentation of information about the landscape, nature, and their components (ŠPÚ/NEI, 2014a,

2014b). One of the effective options is the use of graphs. From the cognitive level of working with

graphs, we found that pupils achieved better results in questions of graphing skills at the primary level

(reading data) (61% success). Still, they had more problems with questions of graphing skills at the

intermediate level (analysis, interpretation) (42% success rate). These findings are parallel to several

previous studies (Bursal & Yetis, 2020; Koparan & Güven, 2013; Lai et al., 2016; Ozmen et al., 2020),

with the difference that the pupils of our research sample did not have such big problems with the

construction of graphs, as was the case in the studies above. The main reason for the lower success of

pupils with intermediate graphic skills can be explained as the tendency of pupils to focus on explicit

rather than implicit information in graphs, which is also stated by Postigo and Pozo (2004). The results

of a questionnaire survey of pupils with TTM and IBE in the subjects of geography and biology point

to graphic literacy in both groups, which is often developed in mathematics class. According to several

studies (Ludewig, 2018; Yingkang and Yoong, 2007), pupils generally believe that their skills are high

enough to work with graphs. This was also confirmed in our findings; in the TTM (CG) class, this

attitude was even more positive than in the IBE (EG) class. One of the possible explanations is minimal

exposure to graphs, which may result in overestimating one's graphic skills. When evaluating the pupils'

performances themselves in the context of several areas of the skills to work with information in graphic

form (through a worksheet), we found both a lower than the pupils' expected level of graphic skills and

a significant difference (by 19.76%) between pupils with TTM and IBE. Pupils’ performance with the

research method of teaching was better than that of pupils with TTM. The most significant difference

was in the analysis of graphic information (30.3%) and the creation of a graph (23.2%). When analyzing

the pupils' performances, we also revealed several specific problems mentioned in other studies (e.g.,

Capraro et al., 2010; Boote, 2014; Kulm, & Capraro, 2005). The most important reason why pupils

encounter these problems is the ineffectiveness of school teaching in developing their graphic literacy

(Gioka, 2007; Tairab & Al-Naqbi, 2004; Uk et al., 2016). Even though the research educational program

Expedition - try, explore, learn is not primarily focused on working with graphs in the subjects of

geography and biology, as a result of the fact that pupils with IBE have better developed essential and

integrated abilities of scientific work, which is vital as a prerequisite for working with information in

graphic form (Škodová, 2018a), our findings point to a positive effect of IBE in this area. We

recommend, also within IBE, to include in the teaching of geography and biology tasks requiring work

with information expressed in various types of graphs, to emphasize the correct acquisition of the

conceptual apparatus related to graphs and to guide pupils to create graphs when presenting the

information and data obtained. This study was conducted on a sample of Slovak pupils. Still, the

literature emphasizes that problems related to graphs are common in all countries and levels of

education. Therefore, new studies presenting the effects of innovative teaching concepts on the

cognitive level and attitudes of pupils in the context of their graphic skills are needed.
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Abstract. Color reactions, or chemical reactions where colors are changed, are often used in 
chemistry teaching. Chemical reactions that take place with a color change are more attractive 
to students and increase their attention. And from the students’ point of view, the change of color 
proves that a chemical reaction is taking place. In the teaching of chemistry, we encounter a 
number of color reactions, such as carbohydrate evidence reactions, analytical reactions using 
the formation of a precipitate or a change in the color of indicators in acid-base reactions, or 
color reactions of natural substances. The work is focused on the perception of colors and their 
change in connection with chemical reactions and changes in the structure of compounds. 

1. Introduction
Engaging students in the classroom is an increasingly challenging task for teachers. Pupils spend more
and more time watching videos and entertainment channels on the Internet and find "ordinary" life boring
and less interesting (Smahel et al., 2020). This is why activating pupils in the classroom has become
one of the main topics for teachers. Topics that are attractive to pupils, increase their attention, and
evoke a positive emotional connection contribute to activation. Another important role is played by an
appropriate teaching method. Modern teaching methods such as IBSE, STEM, TASC, or project-based
learning help pupils to actively develop and process the assigned topic, teach them to be independent, and
help them to fulfil the key competences as defined in the RVP (Ministry of Education, Youth and Sports
of the Czech Republic - MEYS, MŠMT in Czech, 2021).

A topic that offers pupils a lot of topics is "Colors". The colors of substances, the composition of 
colors, the nature of color vision, color reactions, or chemical reactions in which colors change. The 
topic of "Colors" is a suitable cross-curricular topic that develops inter-subject relations and deepens the 
connection between the partial knowledge of the individual science subjects. 

2. Perception of light
Physics describes light as an electromagnetic wave with a wavelength λ in the range of 400nm to 700nm,
which evokes a color sensation in the human brain. The light enters the eye through the cornea, where
the beam is refracted and progresses through the conjunctiva and vitreous to the light-sensitive layer -
the retina. The events that take place on the retina and the resulting sensations we perceive are the result
of photochemical-neurological processes in the brain and psychological responses. The explanation of
the processes and the origin of the sensations that are associated with vision, and their full
understanding, must go beyond the ordinary conception of individual subjects, whether chemistry,
biology, or physics. Even the division into individual teaching subjects is itself a humanly established
convention and, in effect, an unnatural thing. Therefore, even the separate perception of physical,
chemical, and biological processes is inherently nonsensical.

The retina is composed of cells of two kinds: rods and cones. Color vision is dependent on the 
intensity of light. Vision at low light intensity is mediated exclusively by rods. As the light intensity 
increases, the cones begin to process information, and the human eye begins to perceive color, which is 
why objects seen in dimness have no color. The change in the eye’s sensitivity to particular wavelengths 
as a function of light intensity (Figure 1) is called the Purkinje effect. Inadequate illumination causes 
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color distortion, so sufficient illumination intensity is important when carrying out color chemical 
reactions. 

Figure 1. Purkinje effect (Wikisofia, 2022). 

White light can be decomposed into a spectrum of individual wavelengths that we perceive as colors. 
The different light sources can be physically analyzed and described in terms of wavelength and intensity, 
but from a chemical and biological point of view, the important thing is the resulting perception caused 
by the effects of electromagnetic radiation, i.e., the color we see (Feynman et al., 2013). 

The different colors of the color spectrum are produced by selecting a particular part of the 
electromagnetic spectrum or by adding up different wavelengths of the visible spectrum. The addition 
of different wavelengths is referred to as color mixing. Mixing produces different colors. For example, 
mixing wavelengths from the red and green regions of the spectrum produces the color yellow. 
Depending on the ratio of the wavelengths mixed, we get different shades of yellow. By mixing 
wavelengths from the green, red, and blue regions (often referred to by the English abbreviations Red, 
Green, Blue), we obtain the color white as the resulting color (Feynman et al., 2013). 

3. Absorption of electromagnetic radiation
Color and color depend on the interaction of light with the molecules or ions of the substance under
consideration. If visible light of a certain wavelength or range of wavelengths is absorbed by a substance,
the remaining light has a complementary color. Examples are chlorophyll a, which absorbs light at
430nm and 662nm, or chlorophyll b with absorption maxima of 453nm and 642nm (Figure 2), these
wavelengths corresponding to light in the blue and red regions of the spectrum. They are complementary
to electromagnetic radiation from the green and green-yellow regions of the electromagnetic spectrum,
which is why we perceive green plants as green (Amann et al., 2000).

By absorbing light of a certain wavelength, the electrons of atoms or molecules are transferred 
from the ground state (energy E1) to the excited state (energy E2). The difference in these energies 
corresponds to the energy of the absorbed light (Equation 1). Where h is Planck’s constant and f is the 
frequency of the photon. 

∆𝐸𝐸 = 𝐸𝐸2 − 𝐸𝐸1 = ℎ ∙ υ = ℎ.
𝑐𝑐
𝜆𝜆

Equation 1. The difference in energies (Amann et al., 2000). 
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Figure 2. Absorption maximum of Chlorophyll a and b (Wikipedie, 2022). 

Relatively easily excited are electrons of non-bonded electron pairs and π-electrons of double bonds. 
As the number of conjugated double bonds in a molecule increases, the energy supplied by light needed 
to excite an electron decreases. This implies that light absorption can occur in the longer-wavelength 
region of light - a shift into the visible region occurs. 

The electron systems that absorb visible light in a molecule, thereby imparting color to the 
substance, are called chromophores. This interaction is used in dyes that we use as pH indicators. 
Phenolphthalein and malachite green are representatives of triphenylmethane dyes. In malachite green, 
the π-electron ring is spread over up to two dimethylamino groups, which can be represented by three 
mesomeric patterns, but two of them have the same energy, and the two borderline mesomeric structures 
differ significantly in energy. The mesomeric structures are shown in Figure 3. As a result, malachite 
green can absorb light at wavelengths of 621nm and 425nm, and the resulting solution appears yellow-
green with a dominant green color. In an acidic environment, one proton attaches to the dimethylamine 
group to form an ammonium group, which does not engage in resonance, and the molecule cannot 
absorb light at a wavelength of 621nm. The resulting solution appears yellow. In alkaline solution, the 
conjugated π-electron multiple bond system is destroyed, and the compound is colorless (Amann et al., 
2000). 

Figure 3. Resonant structures of malachite green in acidic and basic solutions (Holler & Crouch, 2014). 

Phenolphthalein is another important representative of commonly used indicators. It belongs to the 
group of triphenylmethane dyes, but unlike malachite green, the central carbon atom is involved in a 
lactone ring. The lactone ring opens in strongly acidic or strongly alkaline environments, and this is the 
cause of the compound’s off-color (Záruba et al., 2016). 

Another important group of synthetic dyes that are used as pH indicators are azo dyes, which contain 
a characteristic azo group (-N=N-) that is part of the chromophore. The chromophore system of the 
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molecule usually extends from the electron-donor part of the molecule to the nitrogen atoms of the azos 
groups. The energies of the different mesomeric groups of the molecule are different and can therefore 
be effectively balanced by protonation of the azos groups. This results in a color change and is the 
principle behind the use of azo dyes as pH indicators. Some of the important azo dyes that are used as 
pH indicators include aniline yellow, methyl orange, and Congo red. The resonance structures of methyl 
orange are shown in Figure 4. In an acidic environment (protonated form), the solution is red (Holler 
& Crouch, 2014). In an alkaline environment, the methyl orange solution is yellow. Figure 5 shows the 
formula in congo red. 

Figure 4. Structure of methylorange in acidic and basic solutions (Holler & Crouch, 2014). 

Figure 5. Congo-red indicator (Canov, 2009). 

4. Colors as a cross-cutting theme in grammar school education
The project entitled "Colors" was assigned to ninth-grade students at a multi-year grammar school in
the subjects of science, physics, and chemistry. The task was to divide the pupils into groups according
to their own preference for the subject and to present to the other groups how a physicist, a biologist,
and a chemist perceived the topic "Colors".

The groups had two hours from each subject to prepare their project. In total, the project preparation 
took 6 class lessons. The students could consult their ideas with the teachers of the subject. Two lessons 
were devoted to presenting the results of the pupils’ work. 

The group "Colors through the eyes of a physicist" focused on color addition. The pupils prepared 
a station for their classmates, where each pupil made his/her own rotating disc (a bucket) (Žaludová, 
2016). They made a hole in the middle of the paper disc so that the disc could be threaded onto a pencil 
and attached to it with plasteline. The pupil divided the disc into several equal pieces (the more pieces, 
the greater the effect) and colored them with different colors. After spinning the disc, the pupils observed 
the effect of additive color folding. Depending on the colors used to color the pieces, the pupils observed 
the different resulting colors. Using red and green, they got yellow, blue, and green parts made cyan, and 
red and blue parts made magenta. If they used red, green, and blue to color the disc, they got the white 
day color. 

The "Colors through the eyes of a biologist" group focused on the extraction and chromatographic 
separation of plastid dyes (Kubienova & Vinter, 2013). The students prepared a station called "Colors of 
Autumn" for their classmates, where the students verified the presence of green, red, and yellow dyes in 
the leaves of green plants using paper chromatography. They compared the chromatogram obtained with 
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the chromatogram of autumn colored leaves. Technical gasoline was used to extract the plastid dyes. At 
the end, the pupils illuminated the two chromatograms with a UV lamp and observed the chlorophyll 
fluorescence. 

The group "Colors through the eyes of a chemist" chose pH indicators and their color changes as 
their topic. The group set up a station for their classmates to test the color change of the indicators 
phenolphthalein, methyl orange, and methylene red, depending on the pH of the solution. The pupils 
checked the pH of the solution with a universal pH indicator paper. The second experiment that the 
pupils could try at the station was the reaction of red cabbage extract to different pH values of the 
solution (Krejčíková & Richtr, 2009). 

After the project, a "roundtable" was organized where pupils asked and answered questions of each 
other, evaluated the contribution of their own work, suggested changes in procedure and preparation, and 
formulated a final evaluation of themselves and the other groups. One class lesson was devoted to the 
final evaluation. 

5. Conclusion
Colors and colors of substances is a very broad topic that can be included in primary and secondary
school lessons as a cross-cutting theme in physics, chemistry and biology, or more generally in science
subjects. Up to 80% of information about the functioning of the world around us is obtained by sight
(Holeček et al., 2003). Color perception is not only a complex physiological process, but can be explained
from a chemical, physical, biological, or psychological perspective. Everything is related to
everything, and understanding of one must be supported by understanding of the other, and thus
understanding of the whole.

This topic can be easily adapted to the age of the pupils, their existing knowledge and abilities, and 
can be designed as a research-oriented task, a problem-based task, a task for active thinking in a social 
context, or as a project day topic. This is because it can be approached from a variety of angles to support 
the development of cross-curricular relationships and the linking of pupils’ newly acquired and 
previously acquired knowledge. The color of fabrics and understanding its nature is a topic that should 
be included in the curriculum, because without it the world would not be so beautifully colorful. 
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Abstract. The Institute of Chemistry, Faculty of Science of Pavol Jozef Šafárik University (PF 
UPJŠ) in Košice is preparing a new professionally focused study program for future students. 
The social situation in Slovakia shows that the connection between young people's education 
and practical experiences from industry and services is necessary for a prosperous society in 
the future. Practical training must develop skills important for the workforce living in a 
technologically advanced economy. If we want to keep up with developed Europe and the 
world, in Slovakia, it is necessary to provide young people with the opportunities that foreign 
students use at advanced universities in the surrounding V4 countries, as well as throughout 
Europe. Our experiences from the solution of the project KEGA 008UPJŠ "Innovation of 
content, methods and forms of teaching practical exercises of chemical fields with direct 
participation of potential employers from practice" show that the Slovak industrial and 
institutional community in chemistry longs for such highly qualified graduates. Graduates are 
educated by Slovak universities, but with the significant support of foreign and some domestic 
institutions, which have a high-level instrument infrastructure. In Slovakia, such an instrument 
portfolio is missing at universities. Based on the above-mentioned fact, it is necessary to create 
a study program within the field of chemistry in Slovakia, the graduates of which will be 
directly prepared for practice. However, for a student to see his real readiness for the labour 
market, he/she must gain vast instrumental experience during his/her studies. With such 
knowledge and skills, he/she will also shift the state economy based on science and research, 
which he/she will apply to industry and services. The teachers from the Institute of Chemistry 
PF UPJŠ, together with experts from practice, involved in the creation of the professionally 
focused study program "Chemical Laboratory Technician - Specialist", will create materials 
for the elaboration of an accreditation file for quality education of the young generation ready 
for practice. The paper will present an initial proposal for the content of the study program, 
which was created based on cooperation between teachers and experts from practice. 
Moreover, the results of a survey of employers’ requirements for graduates, as well as the 
connection between education and practice, will be presented. 
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1. Introduction
In the 21st century, the importance of the teaching of natural sciences and mathematics for economics
is emphasized in the growth of countries. The emphasis in education is shifting from the content of
teaching to the development of skills and abilities for the 21st century related to learning, as well as
the application of young people to the labour market. Education must develop skills important to the
workforce that will live in a technologically advanced economy (Hanushek & Woessmann, 2015).
The labour market has also changed in Slovakia, and employers’ requirements for school graduates
have also changed. On the territory of Slovakia, as well as in Eastern Slovakia, there were several
secondary schools at the end of the last century (Secondary vocational school of chemistry), which
prepared graduates for work in industry and state administration laboratories. (e.g. Duslo a.s. Šaľa,
healthcare, SAV, food industry, agriculture etc.). Currently, there is almost no secondary vocational
school in Slovakia (mainly Eastern Slovakia), which would prepare students for the "Chemical
Laboratory Technician" profession. When we monitored the situation in the surrounding countries, we
found out that universities and colleges offer similar study programs at the bachelor’s degree for such
a profession. Based on the needs of the company and on the reasons mentioned above, we decided to
offer a new bachelor’s study program for students. In the paper, we deal with the survey analysis of a
new study program among potential employers. Moreover, we present the results of the pedagogical
survey.

2. Used methodologies
In order to find out the current situation with the implementation of the preparation of the young
generation for the profession of "Chemical Laboratory Technician" in secondary schools, we
conducted pedagogical research in the form of a questionnaire. The questions were as follows:

1. Which subjects and professional areas do you provide at school? (please choose from the
menu)

2. How many students do you have on average per year in these fields?
3. Which chemistry subjects do you teach?
4. What kind of laboratory and equipment does the school have? (please list the laboratories and

the devices used in them). What devices do you lack?
5. Which are the matriculation exam subjects that are related to chemistry?
6. Does the school provide education in the form of dual education?
7. How many hours of practice do your students have? (write in which year and the number of

hours)
8. Are professional practices implemented in blocks or continuously?
9. Do experts from practice participate in the teaching process at your school? If so, on which

subjects?
10. Is an expert from practice a member of the graduation committee?
11. Do students also complete international short-term internships? If so, where and in what form
12. What is the demand for your graduates from the practice side? Try to write in percentages.
13. Which workplaces are "customers" of your graduates (e.g., pharmacies - two graduates,

Slovnaft - two graduates, etc.)?
14. How many graduates continue their education at universities (in percentage)?
15. Which universities do your students prefer?

Similarly, with the aim of finding out the requirements and needs of potential employers, we 
conducted a survey and asked experts from practice in the form of a questionnaire. The questions were 
as follows: 

1. Write: Graduates of which fields are needed for your company?
2. Do you employ chemical graduates in your company?

Zuzana Vargová, Mária Ganajová, Michaela Rendošová, Renáta Oriňaková, Miroslav Almáši,
Slávka Hamuľaková, Viktor Víglaský, Jana Šandrejová, Jana Dinajová, Milan Burčák, Igor

Danielovič, Igor Chomča, Peter Marcinov

61



Yes 
No 

3. Are graduates available on the labour market for the job positions that you want?
Yes
No

4. If yes, write what positions chemistry graduates actually hold in your company?
5. Which level of completed education do you require for chemical graduates to work in an

operational laboratory? Please explain.
BSc.
MSc.

6. Do chemical graduates have sufficient knowledge necessary for the performance of their job
classification?
Yes
No

7. Do chemical graduates have sufficient skills necessary for the performance of their job
classification?
Yes
No

8. If not, write which knowledge and skills you think graduates of chemistry departments lack?
What specific subjects or thematic areas in the teaching of chemistry would you suggest to
include or improve, so that a graduate suitable and better prepared for the profession in your
company.

9. Students of chemistry majors should complete theoretical training directly in practice.
Yes
No

10. What are the biggest shortcomings in the preparation of university graduates for practice?
   Graduates lack experience      Yes No 
   Graduates are not independent       Yes No 
   They should have experience directly in companies      Yes No 
   The educational system at universities is outdated       Yes No 
   Within the study, theory is not connected with practice      Yes No 
   University studies are too theoretical      Yes No 
   Other? Fill in please......................... 

11. When looking for a new employee, would you prefer cooperation with the university over
advertising? (These two methods represent the most widespread forms of searching for new
employees - applications for employment sent by graduates and active advertising; Employer
survey from 2015)
Yes
No

12. What kind/kinds of cooperation between employers and universities do you prefer or would
you recommend?

   Cooperation in projects      Yes No 
   Cooperation in the management of final theses      Yes No 
   Cooperation in organizing professional practice      Yes No 
   Participation in state fairs, selected lectures      Yes No 
   Participation in conferences organized by the University   Yes No 
   Reminder of study programs      Yes No 
   Other? Fill in please......................... 

3. The result of the pedagogical survey
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We approached 12 secondary vocational schools. The analysis of teachers' answers to questions in the 
questionnaire showed: 

• Teachers primarily provide the following subjects at schools: Biotechnology, Pharmacology
and Technology

• The average number of students per year is 12-20
• The following subjects are taught as part of the preparation: analytical chemistry, chemical

calculations,
toxicology, pharmaceutical chemistry, biotechnology, chemical and biochemical analyses,
applied chemistry, etc.

• School equipment - is insufficient - schools have laboratories, but their equipment is outdated,
classic, and insufficient for preparation in the current era. They have the following devices:
analytical scales, oven, fume hood, thermometers...

• The matriculation exam consists of a theoretical and a practical part:
Theoretical part - chemical and biochemical analyses, pharmacology, applied chemistry
Practical part - knowledge from practice and from the subject of the chemical laboratory
exercises are tested

• Teaching in the form of dual education is not implemented
• Professional internships are implemented in blocks
• International internships are mostly not implemented, in the past, due to the "Covid

pandemic" some schools did, but not currently
• The graduation committee rarely includes an expert from practice
• Applicability of graduates in practice – approx. 80%
• List of workplaces that are customers of graduates: pharmacies, laboratories in hospitals,

Chemosvit, Slovnaft
• Approximately 80% of graduates continue their studies at universities
• Graduates prefer to study at the following schools:

Faculty of Pharmacy UK Bratislava, Faculty of Pharmacy UVLF Košice, Faculty of Health
Sciences Prešov, Faculty of Chemical Technology Bratislava, Czech Universities – in
Olomouc, Pardubice, and Prague

4. The result of the survey: Opinions and attitudes of employers towards the preparation of the
chemical laboratory technician profession

We carried out research using a questionnaire of our own construction. Five experts from practice 
were included in this survey. The middle management, with long professional experience, was 
involved. The questions of the questionnaire were divided into several parts: 

1. Current situation with work positions in the field of chemistry in Slovakia
2. Required knowledge and skills for the work of chemical laboratory technicians

- The research showed that all respondents employ graduates of chemical fields,
especially in the following positions: Chemical laboratory assistant, Chemist in
chemical production with skills in analytical chemistry, metallurgy, or biology.

- The Slovak market lacks graduates to fill the following chemical positions: chemical
laboratory assistants, who should have basic theoretical knowledge in the field of
chemistry, but mainly should have mastered the practical skills of a laboratory
technician in performing individual chemical analyses and operating analytical
instruments. Theoretical knowledge, practical skills (basic laboratory work), working
with a PC, language skills - should be provided by the university. However, some
theoretical knowledge could also be gained in practice. Vocational training should be
implemented directly in practice. In practice, there are such experts who were trained
even before the years 1990-2000.
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3. Chemical graduates lack the following knowledge and skills:
- chemical data processing, use of statistical methods in data processing,
- practical skills related to the operation of equipment, insufficient skills in laboratory and

instrument technology, instrumental methods, measurements, e.g., can be observed
among graduates. on analytical instruments, etc.,

- independence,
- the ability to connect theory with practice, some respondents see the fact that university

training is too theoretical as a problem.
4. In order to improve the training of future chemical laboratory technicians, they would

recommend the following cooperation between companies and universities: cooperation in
conducting final theses, cooperation in teaching, analysis, and comments on study programs,
cooperation in projects, cooperation in contributions to conferences, etc.

5. Draft study plan of a pilot professionally focused study program
Mandatory subjects

1st year 
General chemistry 
Chemical calculations I 
Chemical nomenclature I 
Basics of mathematics 
Basics of physics 
Basic methodologies in the chemical laboratory 
Analytical chemistry 
Chemical calculations II 
Inorganic chemistry 
Practical course in inorganic chemistry 
Organic chemistry 
Practical course in analytical chemistry 
Chemical nomenclature II 
Basics of chemical technology 

2nd year 
Practical course in organic chemistry 
Biochemistry 
Physical chemistry 
Practical course in physical chemistry 
Practical course in biochemistry 
Analytical chemistry in practice 
Quality management and good laboratory practice 
Instrumental laboratory practice 
Basic methodologies in the chemical laboratory II 
Basics of chemical engineering 

Compulsory elective subjects 
Safety regulations in chemistry 
STN standards of chemical industry products 
Chemical technologies (contribution of all departments) 
Basics of electroanalytical methods 
Basics of separation methods 
Basics of optical methods 
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Environmental chemistry 
Basics of chemical production 
Green analytical chemistry and measurement automation 
Instrumental practicum (contribution of all departments) 
Chemical industry 

Elective subjects 
Industrial ecology 
Biotechnologies 
Basics of pharmaceutical chemistry 
Nanotechnology 
Battery and hydrogen technologies 
Basics of mineralogy 
Basics of bioanalytical chemistry 

3rd year 
Instrumental laboratory exercise in practice block* 
Professional stay  block** 
Professional stay block** 

* Block exercises in the first half of the semester - (rotating around the contracted laboratories, a
different external workplace every week)
**professional internship at contracted workplaces - (each external workplace would have a
maximum of two students)
**professional internship at contracted workplaces - (each external workplace would have a
maximum of two students)

State final exam (SFE) 

Subject SFE Chemistry 
Final thesis Defence 

The proposal for the professional stay educational program was developed in cooperation with 
experts from practice: 

1. Entry training in OSH (Occupational health and safety) and FP (Fire protection)
2. Survey of the company's production and auxiliary facilities
3. Acquaintance with the quality management system according to ISO 9001 and the

environment according to ISO 14001
4. Acquaintance with the documentation related to work at the Quality department (guidelines,

internal work procedures, internal regulations)
5. Acquaintance with Safety Data Sheets
6. Acquaintance with work on individual analytical devices
7. Learning the methods of the analysis, determining input materials, intermediate products

(production process control), and finished products
8. Recording and distribution of the results of individual analyses

Detailed study plans of individual external training workplaces will be set according to their 
focus. 
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6. Conclusion
Based on the conducted surveys, it is clear that the profession of “Chemical Laboratory Technician” is
gradually disappearing on the Slovak labour market. Experts in this field are of retirement age, and the
current education system does not offer studies in this field. Based on a survey among experts in
practice, it is necessary to connect the knowledge and experience of higher education and the
chemical industry in the education of graduates for the profession of Chemical Laboratory Technician.
Experts in practice see their involvement in the teaching process in the form of participation in the
educational process (participation in a lecture, cooperation in conducting final theses, cooperation on
study programs formation, cooperation on projects and conferences, etc.). In cooperation with practice,
a pilot draft of a new study program was created with mandatory and optional subjects, as well as with
the implementation of professional practice directly in operating laboratories. As part of the new study
program, we consider the practical teaching of students on modern devices and equipment to be
crucial, thanks to which they can bring innovations and new ideas into practice.
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Abstract. The article is devoted to a survey that maps the impact of online teaching on the 

implementation of standard didactic methods and standard teaching aids in the teaching process. 

The aim of the research was to find out the possibilities of different online platforms for 

conducting teaching in this area from the teachers’ perspective and to identify the weak points 

of these tools based on their comments. The findings of  the survey then provide a valuable basis 

for the design and implementation of teacher training courses in this area. 

1. Research objectives

The research objective was to map the impact of software tools deployment on the implementation of
standard and new didactic methods and means in education, primarily during the COVID-19 pandemic. 
The expected outcome of this research is the conclusions that will lead to the design of new further
education courses that will allow teachers to better apply standard didactic methods, deploying classical
aids and tools in a digital learning environment. (hereunder “DLE”). The findings are extended by the
implementation of new methods and tools related to the DLE environment.
We introduced the term digital learning environment for the purpose of our research, and it is an
environment of tools that enable the application of synchronous or asynchronous learning or a
combination of both through IT technologies. This term is also used in the international literature. For
example, as early as 2000, the issue of the impact of these technologies on the teaching process was
addressed by Katzensteiner (Katzensteiner et al., 2022). One of the works considering the COVID-19 
pandemic's impacts is Peters (Peters, 2000).

2. Research methodology

The research was divided into two questionnaire surveys. The first questionnaire survey focused on the
effectiveness of deploying tools of a digital learning environment in a general sense , considering the
teacher’s perspective. The survey was actively participated by 241 teachers out of all  the addressed
respondents. We contacted more than 400 teachers in total. The respondents answered 30 structured
questions in an electronic questionnaire. The questionnaire was divided into three parts focused on the
acquisition of basic information on the respondent, knowledge and skills of work with these tools in a
digital learning environment, and availability of these tools at schools and training support.

The second questionnaire survey was also conducted in the form of an electronic questionnaire. 
The survey addressed the same set of respondents, 283 of whom took part. The survey included 17 
questions. All questions were focused on the possibilities of implementing individual phases of the 
teaching process and didactic tools. 

Both questionnaire surveys were carried out in the second half of 2020, i.e., in the period when the 
teaching process was hampered by anti-epidemic measures and the work with tools of a digital learning 
environment was a must and an everyday routine. 
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3. Structure of the deployed tools of a digital learning environment

In the introductory part of this research, we acquired information on the respondents. The information
enabled us to describe the structure of the research sample. It was fundamental to find out what type of
school the respondents work at, as well as the scope of activities they perform.   Regarding the type of
school, we categorised the teachers for easier interpretation, see Fig. 1. The graph depicts 283 completed
responses, which is caused by the fact that some respondents worked at more types of schools and
completed the questionnaire for each school. The graph reveals that most teachers are from primary and
secondary schools.

Figure 1. Structure of responses by type of school. 

The second parameter, which was fundamental to define the structure of the research sample, was 
the area of education in which the respondent acted. The structure of responses is depicted in Fig. 2. The 
structure clearly shows that the prevailing respondents acted in Natural Sciences, Mathematics, and 
Informatics. 

Figure 2. Structure of responses by teaching areas. 

The next set of questions was focused on the knowledge of different software environments that 
can be used as a tool for digital learning environments. This set of questions was designed as closed-
response, multiple-choice questions. The knowledge structure of each tool is documented in Table 1. 
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Table 1. Knowledge of the tools of the digital learning environment. 

Software environment 
Number of responses declaring 

knowledge of this tool  
Knowledge of DLE tools in % 

Microsoft Teams 195 25.8 

Webex 16 2.1 

Zoom 107 14.1 

Google Classroom 164 21.8 

Google Meet 133 17.6 

LMS Moodle 101 13.4 

Edookit 17 2.2 

Others 23 3.0 

The findings show the prevalence of the Microsoft Teams and Google Classroom platforms, but it 
is essential to note that a significant group of teachers use more tools in parallel. Similar results are to 
be found in Lidinillah (Lidinillah, Robandi, Wahyudin, & Dianasari, 2021). This fact is caused by the 
complexity of these environments from the point of view of available tools and primarily the support of 
synchronous part of learning in the form of video calls and the possibility to share outputs, which was 
crucial during the research period. Regarding this trend, it is highly interesting to observe the use of 
individual components offered in these complex environments.  This can be illustrated in the most well-
known tool - Microsoft Teams. The research on teachers’ preferences in using and preferring individual 
DLE tools is also to be found in Gavrilova (Gavrilova, 2021; Edelhauser & Lupu-Dima, 2021). These 
focus on the area of primary education in the region of Eastern  Europe. 

The complex environment of Microsoft Teams offers its users the following functions: chat, sharing 
study materials, testing using Forms, and assigning and assessing tasks. Since Microsoft Teams is part 
of Microsoft 365, users can also share other tools and files of various types. Therefore, we prepared a 
closed response on these tools. Figure 3 reveals that the most used tools are applications of the office 
package and cloud. For the purposes of testing students and getting feedback, the respondent frequently 
used the tools of forms and quizzes (Forms). 

Figure 3. Structure of respondents by tools (programs) of Microsoft 365. 

Google’s tools were also very numerous, although many teachers did not see them as a single 
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platform. This aspect is depicted in Table 1, where teachers distinguished Google Classroom from 
Google Meet, which, although integrated into this comprehensive platform, can also be used separately 
(for example, Hangouts and Duo). The usability of individual tools is illustrated in the following figure 
(see Fig. 4). 

Figure 4. Structure of respondents by knowledge of Google tools (programs). 

During the epidemic situation, all teachers across the world were forced to convert to online and 
distance learning. Concerning the addressed teachers (see Fig. 1), there was a problem with the distance 
education, which caused numerous troubles due to the unreadiness of the school equipment and the 
teachers’ lack of competencies and knowledge in this area. Only 140 out of 241 respondents participated 
in the training on distance education during the pandemic, of which 36 were satisfied with the training, 
47 respondents were neutral, and 57 respondents were critical. These findings do not correspond with 
the document of the Czech School Inspectorate, which analysed this issue in the context of the COVID-
19 pandemic (Česká školní inspekce,  2021). The technical equipment of schools for online education 
is depicted in Fig. 5. 

Figure 5. Structure of responses by technical equipment. 

In terms of interpreting this data, it should be noted that webcams are integrated into both laptops 
and tablets.   This design fact then implies a relatively small proportion of webcams that are more tied 
to desktop devices. It is also worth noting the low representation of a graphic tablet, which is a 
completely new peripheral for many teachers, and it should be mentioned that its use requires some motor 
training. Undoubtedly, this will be one of the reasons for their relatively low deployment, although we see 
great potential in them towards interactivity in online learning and the possibility of fully replacing the 
whiteboard in this environment. The question on the structure of school equipment was complemented 
by a question on the structure of the use of privately available IT resources. The structure of the responses 
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on the use of private resources was very similar to those of the school. 

4. Impact of a digital learning environment on the implementation of standard didactic methods
and tools in education

As already mentioned, this second part of the survey was submitted to the same sample as in the case of 
the previous chapter. In terms of the number of respondents involved, the structural part was 
supplemented with an age analysis, as age can be expected to be a significant marker that will influence 
IT skills. We formulated this hypothesis on the basis of our experience in teaching IT-oriented subjects in 
lifelong learning studies and refresher courses. From this point of view, we divided the involved teacher- 
respondents into age bands, represented in Fig. 6. In this sample, we worked with teachers who showed 
a very similar structure in terms of the DLE tools used. The sample of this part of the research was 
strengthened in the area of foreign language teachers who were not as involved in the first part. Thus, 
this group should be considered very important after the science disciplines. 

Figure 6. Structure of respondents by age. 

In the first part of our research, we asked the respondents whether they prefer distance education with 
a combination of synchronous and asynchronous tools in the DLE or whether they do well only with 
asynchronous tools. In this case, 94.7 % of respondents stated that it is optimal to combine the DLE with 
synchronous and asynchronous elements. This finding corresponds with the conclusions of the Ministry 
of Education, Youth and Sports of the Czech Republic (MEYS, MŠMT in Czech), which were published 
in a special survey report of the MEYS of the Czech Republic (MŠMT, 2021). 

Having identified the key group, we continued asking towards distance education based on a 
combination of synchronous and asynchronous approaches. Another key research was to evaluate the 
implementability of individual phases of the learning process in the DLE, see Fig. 7. When classifying 
the phases, we took grounds in the works in the field of general didactics (Maňák , 1997; Skalková, 2007 ) 
despite the fact that the classification of the methods and phases of the learning process are still a live 
issue. 
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Figure 7. Ability to implement the different phases of the learning process. 

Another part of the research was devoted to the required functions that the digital learning 
environment should offer its users-teachers. The respondent could choose up to 3 responses from a 
predefined list. Figure 8 depicts the structure of these responses regarding age bands. 

Figure 8. Implementation of didactic methods according to age bands. 

The data from the previous graph implies two relevant conclusions. The most sought function of  
the digital learning environment was a group video call, followed by the implementation of a more 
complex system to distribute study materials and the management of student activities. The function of 
sharing the teacher’s screen is also required. The second fact emerging from Fig. 8 is that these 
preferences are quite balanced regarding teachers’ age bands. Our initial hypothesis that younger teachers 
would approach the implementation of the DLE differently was not confirmed. 

Based on the previous paragraph, we know what the teachers require from a digital learning 
environment. In the next phase, we focused on the research of the usefulness of individual components 
with respect to the implementation of individual phases of the learning process in this environment. The 
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respondents-teachers selected their evaluation on a closed scale responding to whether the given tool 
enables to implement the corresponding phase or not. The frequency of the responses is depicted in Fig. 
9. 

Figure 9. Implementation of learning phases according to individual tools. 

The use of didactic tools is an inseparable part of the learning process. The conversion to a digital 
learning environment results in situations when it is difficult to use certain types of digital aids, or it 
requires a very creative approach from the teacher. This aspect was the focus of the next research 
question, where the respondents-teachers evaluated whether the given group of aids is implementable in 
a digital learning environment. Figure 10 then depicts positive responses. 

Figure 10. The use of didactic aids in digital learning environments. 

The data presented in Fig. 10 reveals that if learning takes place in a DLE, most teachers-respondents 

prefer aids that can be easily integrated into DLE tools. First, we can include computer programs and 
internet sources, then visual and audio-visual aids. The use of literary aids is also interesting. The 
opposite end of this spectrum, viewed by the respondents as difficult, are models, real objects, student 
kits, and special aids. The structure regarding age bands is also interesting since no age band dev iates. 
A comparison of using aids in a DLE and a standard face-to-face teaching is provided in a table that 
illustrates the ratios of the use of individual aids in these situations.  
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Table 2. Structure of involvement of aids in teaching. 

Type of aid 
Percentage of involvement of 

aids in standard teaching  
Percentage of involvement 

of teaching aids in DLE  

audio-visual aids 10 % 14 % 

audio aids 7 % 10 % 

literary aids 13 % 16 % 

models 6 % 6 % 

computer programs and the internet 16 % 22 % 

original objects and real facts 7 % 5 % 

special aids (student kits, measuring systems) 3 % 1 % 

kits and didactic play aids 3 % 1 % 

whiteboard or blackboard (marker, chalk)  18 % 7 % 

visual aids 17 % 19 % 

The results reveal that most respondents coped well with the implementation of all phases of the 
learning process, including the area of evaluation, which corresponds with the report of the Czech School 
Inspectorate (Česká školní inspekce, 2021). Regarding the used aids compared in Table 2, there is a 
significant drop in the use of whiteboard/blackboard and a significant increase in the use of computer 
programs.  

5. Conclusion

The research involved two questionnaire surveys. The first one was oriented on the use of software tools,
the second one was focused on the implementation of standard didactic methods and means in education
during the COVID-19 pandemic.

The first survey clearly showed that the teachers mostly used Microsoft tools (mostly Teams, Word, 
Excel, PowerPoint) and Google (Classroom, Meet, etc.). These tools were used both for synchronous 

and asynchronous learning. At first, the teachers were not ready for this situation at all since they did 
not have experience with either online (distance) learning or the tools. However, over time, they acquired 
the knowledge through self-study or various trainings. During the epidemic situation, it turned out that 

the Czech education system did not have sufficient or outdated IT equipment. Although teachers 
disposed of school equipment (e.g., notebooks), they preferred their own, more modern equipment. 
Accordin g to the Czech School Inspectora te (Česká školní inspekce, 2021), schools received subsidies for 

upgrading the technical equipment to carry out distance learning. However, IT products were in short 
supply at that time. In addition, the internet connection also relates to this topic since schools had a poor 
internet connection or bad coverage of the buildings. Therefore, some teachers were forced to work from 

home. 
The second survey revealed that teachers using DLE were able to implement all phases of the learning 

process, although this often required a great deal of creativity. The outcome is somewhat different with 
regard to the deployment of different types of aids in DLE, where it was rather difficult to replace the 
traditional aids associated with being in the classroom, which include, for example, a board with a marker 
or chalk. This was mainly due to low skills in working with a graphic tablet, or its unavailability, and 
inexperience in working with or the unavailability of touch peripherals. The results in Table 2 also show 
that a significant part of the learning has moved to standard DLE tools. This is the basis for designing 
further education courses and developing skills and competencies in these areas. 

A positive aspect of the epidemic situation in the Czech Republic, but also in the world, has been 
the improvement of the technical background of schools and their equipment with digital technology, 
but also the significant development of digital competences of all teachers. 
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Abstract. The development of technology is gradually becoming part of human life and is not 

bypassing schools and education. The implementation of the teaching process according to the 

existing curriculum in Slovakia does not provide space for the implementation of new trends 

and innovative strategies with the use of modern teaching aids. It is in science subjects, of 

which the subject of biology is a part, that it is important to arouse the interest of students. For 

this reason, it is necessary to change the teaching process so that it actively involves students 

and attracts their attention. Various visualization aids such as animations, videos, simulations, 

modeling, but also the use of mobile applications suitably enliven the course of teaching, or 

make it easier for teachers to explain more challenging topics and allow students to more 

easily understand the events and phenomena that take place in nature. The paper focuses on 

the analysis of biology lessons in the form of observation records, through which we wanted to 

determine the level of use of digital technologies. We performed an analysis of 430 

observation records of teacher students during their continuous pedagogical practice in the 

academic year 2021/2022, who monitored the implementation of digital technologies by 

practicing teachers. Subsequently, we found out in which years specific digital technologies 

were most used in primary and secondary schools. Based on the analysis, we can state that 

digital technologies are rarely used by teachers in biology classes. 

1. Introduction

The quality of the school system is one of the criteria that moves the country to the global market.

The school system at all levels is a stepping stone that moves the population intelligently in the field

of science and research, and, through its influence, interferes with the country’s public affairs and

public life (European Commission, 2016). Education in mathematics and science plays a crucial role

in equipping children and young people with the necessary skills, knowledge, and viewpoints to be

responsible and active citizens in our fast-changing and technology-driven societies. However,

evidence from international student surveys such as that of the Programme for International Student

Assessment (OECD, 2019) carried out by the Organization for Economic Co-operation and

Development (OECD, 2020) show that, in the EU-27, a considerable share of 15-year-olds – about

23% in 2018 – do not reach basic levels of skills in mathematics and science.

It was in this pandemic period, COVID-19, that the weakest points of the education system were 

discovered, which functioned more or less in a distance form, because the full-time form was omitted 

or kept to a minimum. Many schools were ill-prepared for this situation. They did not know which 

technologies and methodologies were the most appropriate for teaching, in terms of effectiveness, 

security, and accessibility (Cachia et al., 2021). Teachers had to rapidly adapt to new modes of 

delivery of teaching, and students had to rely initially on their own resources to continue learning 

remotely using textbooks, the internet, television, etc. (Schleicher, 2020). Digitization has come to the 

fore, and the digital skills of students and teachers have proved to be an essential part of education in 

the 21st century. It was a challenge that put the teacher in a position in which he must choose a suitable 

platform for mutual communication with the student (Ambrožová, 2020). Digital education is an 
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effective way to influence students and adapt to their study needs. The methods implemented in 

lessons with the use of digital technology increase the activity of students and thus their involvement in 

the teaching process. By using digital technologies, students acquire a greater range of knowledge, 

which is produced from various Internet sources and studies, where they exchange knowledge with 

each other more quickly via social networks, e-mail, or various educational platforms such as 

Microsoft Teams, Zoom, Messenger, and others. Students can look up information in seconds, so it’s 

understandable that they get impatient if they don’t get an immediate answer to their questions. From 

this point of view, it is expected that teachers will change their approach, start using digital 

technologies much more, and especially increase interactivity in teaching. Interaction thus becomes 

more important than communication itself, and teachers will have to focus on developing critical 

thinking, constructive problem solving, and digital competence (Barnová & Krásna, 2018). 

Digital competence (Figure 1) is one of the Key Competences for Lifelong Learning.   It was first 

defined in 2006, and after an update of the Council Recommendation in 2018, it reads as follows: 

“Digital competence involves the confident, critical and responsible use of, and engagement with, 

digital technologies for learning, at work, and for participation in society. It includes information and 

data literacy, communication and collaboration, media literacy, digital content creation (including 

programming), safety (including digital well-being and competences related to cybersecurity), 

intellectual property-related questions, problem solving, and critical thinking” (Vuorikari et al., 2022). 

Figure 1. The DidComp conceptual reference model. 

Digital technologies support the teaching process and represent a suitable means of ensuring 

effective teaching. They have their place in the teaching process and bring many advantages. 

According to the British expert M. Jarvis (in: Sokolová, 2021), digital technologies in teaching: 

• significantly save time, there is no need to copy paper materials, which, in addition to

time, saves money, or allows teachers to use materials that have already been created,

• they keep the student's attention,

• allow all students to participate in the lesson, including students with various disabilities.
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Pasiar (2021) states the following advantages of using digital technologies in teaching: they can 

become a means to acquire different types of knowledge and skills, education is not dependent on 

time or space, they can ensure anonymity in communication, they allow one's own pace of teaching, 

ensure fast, but at the same time, low-cost communication within teaching, availability of a large 

amount of information. 

2. The IT Academy - Education for the 21st century

As part of the IT Academy - Education for the 21st Century project, the innovation of natural science

and technical education with a focus on informatics and digital technologies is taking place in Slovak

primary and secondary schools. The strategic goal of the project was to create a model of education

and training of young people for the current and prospective needs of the knowledge society and the

labor market, with a focus on informatics and ICT in the Slovak Republic.

As part of the above-mentioned project (September 1, 2016 – August 31, 2022), science and 

technical education in primary and secondary schools was innovated with a focus on informatics and 

ICT, orientation of young people for further study in fields of study and programs with the perspective 

of application in the IT sector. The innovation of education within the School Educational Programs 

was aimed at updating the content, methods, and forms of teaching mathematics, informatics, natural 

science subjects, and professional subjects towards the consistent and meaningful implementation of 

ICT tools in education. Innovative methodologies were created by the project developers, which are 

primarily aimed at developing the research competencies of primary and secondary school students. A 

model of a special class in grammar schools focusing on informatics was created, and part of it was 

the creation of textbooks for eight new subjects for these classes. Two new motivational subjects, 

Informatics in Natural Sciences and Mathematics, and Internet of Things, were created to orient 

secondary school students to university studies in IT study programs and to apply in the IT sector. The 

project included formal and informal teacher training, clubs, IT camps, seminars, competitions, and 

other extracurricular activities aimed at motivating primary and secondary school students to study 

informatics, ICT, natural and technical sciences, the development of digital literacy, personal 

development, and communication skills. The activities were carried out in close cooperation with IT 

companies on the basis of a partnership with schools (https://itakademia.sk/). 

3. Teaching natural sciences

The vision for quality in education includes the mastering of basic skills (in reading, mathematics, and

science), but also of transversal skills such as critical thinking, entrepreneurship, creativity, and civic

engagement. Mathematics and science education play a crucial role in this regard, as these subject

areas have great potential to equip young people with the necessary skills, knowledge, and viewpoints

to be responsible and active citizens who are able to think critically and creatively (European

Commission, 2022).

The basic goal of how to change students' view of science subjects is to motivate them. The 

purpose of science education lies in acquiring the feeling that students understand individual sciences 

and understand their meaning in the world. An important component of the teaching process in 

science subjects is the interactivity of students and their active involvement in teaching. In science 

subjects, digital technologies are used to work with information. The student comes into contact with 

the mentioned information mainly electronically in the form of various simulations, pictures, 

animations, videos, etc. (Kireš et al., 2016). At the same time, the electronic form of information 

processing places increased demands on the student to be able to sort, process, and use it. The virtual 

world is overflowing with information, and for this reason, critical thinking becomes an important 

skill that students can acquire in the teaching process. The goal is to teach students to assess 

information sources, to evaluate the relevance of information, and, of course, to work with digital 

technologies so that students can make their activities more efficient (Pasiar, 2021). The correct 

sorting of information is related to the level of digital literacy, and its development is also associated 
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with science education. "The goal of science education is a scientifically literate person abounding in 

knowledge, skills, and attitudes, i.e., competent to make full use of their abilities and capabilities in 

work, social and personal life" (Kireš et al., 2016). At the same time, within the framework of natural 

science teaching, it is proposed to prioritize the students' activities and focus on a comprehensive view 

of nature. 

4. Research aim, research questions, and research hypotheses

We carried out the research at secondary and grammar schools in Košice and Prešov regions, while

our aim was to determine the use of digital technologies by teachers in biology classes.

The research aims were defined as follows: 

1. To investigate the level of use of digital technologies during teaching in biology classes.

2. Focus on specific digital technologies that were used most often (mobile applications,

presentations, videos, computer-supported laboratories).

3. Focus on individual grades and find out which digital technologies were used the most and

which were used the least.

4. To compare the level of use of digital technologies in secondary and grammar schools.

Based on the sub-aims, we defined the research questions: 

1. Which digital technologies did teachers use most often?

2. Are there differences in the use of digital technologies in secondary and grammar schools?

3. In which grades did teachers use digital technologies most often?

The following hypotheses were formulated and tested: 

1. We assume that teachers rarely use DT in the teaching process.

2. We assume that presentations will be used most often among the mentioned DTs, followed

by video recordings, mobile applications, and computer-supported laboratories will be

used the least, while we assume that presentations will make significant progress

compared to other DTs.

5. Research methodology

The research was carried out on the training schools that have a contract with the Faculty of Sciences

of the University of Pavol Jozef Šafárik in Košice. Students in the second year of their master's degree

are required to complete a teaching practice within their approved subjects at schools as part of the

continuous practice output, which was implemented in the winter and summer semesters of the

academic year 2021/2022. In addition to the outputs, the students also completed internships with

their trainee teachers. During the supervisions, they observed the teacher's teaching while also

focusing on the use of digital technologies (presentations, videos, mobile applications, and computer-

supported measurements). After completing the internship, the students made the supervision records

available to us, which we analyzed. The mentioned supervision record is a written record of the

supervision, which records the essence of one lesson. We noticed the grades and the type of digital

technologies used in biology classes. The research sample consisted of 430 supervision records from

44 schools. The number of individual grades shown in Table 1 and Table 2. We could not influence

the mentioned number of grades, because the practice teacher, after agreement with the student,

determined in which classes the internships will be practiced, and for this reason, the number of

internships in individual grades is different.

Table 1. Number of hospitalizations in secondary schools. 

years of secondary school 5. year 6. year 7. year 8. year 9. year overall 

number of hours: 49 54 68 35 27 233 
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Table 2. Number of hospitalizations in grammar school. 

years of grammar school 1. year 2. year 3. year 4. year overall 

number of hours: 46 37 50 64 197 

6. Research results

Quantitative analysis of 430 supervision records recording one school year, we tried to find out which

digital technologies were used most often by teachers in biology classes. Figure 2 shows that the use

of presentations significantly advanced over other digital technologies, while video recording and

mobile applications were used to a lesser extent, and a computer-assisted laboratory was used

minimally, which could also be related to the topics covered during the implementation practice. From

the total number of hours, i.e. 430 teaching hours, teachers used presentations in 201 hours, which

represents 47,74 %, mobile applications in 15 hours, which is 3,49 %, we recorded the video analysis

in the number of 36, which represents 8,37 % and by computer teachers used the supported laboratory

for 3 hours, which amounts to 0,70 %.

Figure 2. The use of digital technologies in the teaching of biology. 

As part of the research, we focused on individual grades of secondary school and analyzed in 

which grades individual digital technologies are most often used. Figure 3 shows 49 hospital records 

from the 5th grade, on the basis of which we found that in the fifth grade, presentations were used in 

19 hours, which is 38,78 %, and video analysis was used in 7 hours, which is 14,28 %. From the 6th 

year, we analyzed 54 hospitalization records, thanks to which we found that presentations were used 

in 22 lessons, which represents 40,74 %, and video recordings were used in 4 lessons, which 

represents 8,16 %. From the 7th year, we had 68 recordings available, based on which we found that 

presentations were used in 35 lessons and video recording was used in 4 lessons, which represents 

51,47 % and 5,88 %. From the 8th grade, we had 35 records, which show that presentations were used 

in 12 hours, which is 34,29 %, mobile applications in two hours, and video recordings in two hours, 

which is 5,71 %. We collected 27 hospital records from the last year of secondary school, on the basis 

of which we found that presentations were used in 16 lessons, which represents 59,26 %. Other digital 

technologies were not used in the 9th grade, and computer-supported laboratory were not used in any 

grade. 
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Figure 3. Comparison of the use of digital technologies across all grades in secondary schools. 

Figure 3 shows that the presentations were most often used in secondary schools in the 9th grade, 

followed by the 7th grade. In the 8th grade, presentations were used the least. Video recording was 

used the most in the 5th grade, then in the 6th grade, and to about the same extent in the 7th and 8th 

grades. Mobile applications were used only in the 8th grade, and teachers did not implement a 

computer-supported laboratory at all. 

In the next section, we present the research results from grammar schools, see Figure 4. In the 1st 

year, we analyzed 46 supervision records, from which it follows that presentations were used in 29 

lessons, which represents 63,04 %. We found the use of video recordings at 7 hours, which represents 

15,22 %, we recorded mobile applications at 2 hours, which is 4,35 %, and at 1 hour, a computer-

supported laboratory was used, which represents 17 %. From the 2nd year, we analyzed 37 

recordings, from which it follows that presentations were used in 11 lessons, which amounts to 29,73 

%, video recordings were used in 5 lessons, which represents 13,51 %, and mobile applications were 

used in 5 lessons. which also represents 13,51 %. In the 2nd year, a computer-supported laboratory 

was also used for 2 hours, which is 5,41 %. We had 50 supervision records available from the 3rd 

year, on the basis of which we found that presentations were used for 24 hours, which represents 48 

%, video recordings were used for 4 hours, which represents 8 %, and mobile applications were used 

for 2 hours, which represents 4 %. From the graduation year, we had 64 supervision records available, 

which showed that presentations were used in 33 hours, which amounts to 51,56 %, video recordings 

were used in 3 hours, which represents 4,69 %, and mobile devices were used in 4 hour applications, 

which represents 6,25 %. 
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Figure 4. Comparison of the use of digital technologies across all grades in grammar schools. 

7. Discussion

Based on our research, we can conclude that digital technologies are rarely used by teachers in the

teaching of biology. As part of her research, Habartová (2019) focused on the use of mobile

technologies in teaching, while conducting the research through a questionnaire. The research sample

consisted of elementary school teachers in Bratislava. She worked on the following results. Out of 111

respondents, representing primary school teachers, 22 teachers always use mobile technologies in

teaching, which represents 22,4 %. Most teachers sometimes choose the answer yes. The number of

these teachers was 67, which is 60,4 %. The research shows that 11,7 % (13) of respondents do not

want, and therefore do not use, mobile technologies in teaching, and 6 respondents do not use, but

would like to implement mobile technologies in teaching. Based on the conducted research,

Habartová found that 82,9 % of teachers use mobile technologies. Of the mobile technologies, most

teachers used laptops in class, followed by smartphones, followed closely by tablets. Laptops are used

by 7,8 % of respondents, smartphones by 27 %, and tablets by 22,5 %. Based on the conducted

research, Habartová found that mobile technologies are used quite often in teaching. Compared to our

research, we observe a significant difference. Our results pointed to the fact that digital technologies

are rarely used in teaching. Presentations were used most often, even in only 201 hours out of a total

of 430, which is 47,74 %, and thus we observe a significant difference in the results when comparing

the researches.

Another research focused on the use of information and communication technologies in the 

teaching process was carried out by researchers from Olomouc in 2017. Again, a questionnaire was 

used to collect data, while 260 teachers from kindergarten, primary, and secondary schools filled out 

the questionnaire. The conducted research shows that 61,5 % of teachers use information and 

communication technologies and 23,1 % of teachers use them rather than not. The number of teachers 

not using any information and communication technologies is 2,7 % and 12,7 % of teachers do not 

use rather than use information and communication technologies. Based on the aforementioned 

research, the use of information and communication technologies in teaching is high, and more than 

50 % of teachers implement them in the teaching process. An interesting fact of this research was that 

teachers with longer experience use information and communication technologies to a higher extent 

than teachers with shorter experience. The research shows that the teachers mostly (51,2 %) use a 

laptop with a data projector in the classroom during face-to-face teaching. Interactive whiteboards are 
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used by 32,7 % of teachers, and 12,3 % of teachers do not use information and communication 

technologies when conducting face-to-face teaching. 

Kremeňová et al. (2018) conducted research at a selected secondary school in Žilina, while also 

focusing on the use of teaching aids and didactic techniques in the teaching process. The research 

sample consisted of 148 respondents representing the students of the given school. The conducted 

research shows that the most common students (141) use classic textbooks in class, 73 students 

indicated the option of audio recording, and 31 students indicated that they use videos in class. 

Another component of the research was the didactic technique used in the teaching process. Based on 

the research, it was found that the most frequently used didactic technique is the data projector, which 

was indicated by 117 students, followed closely by the computer, which was indicated by 114 

students, 52 students indicated the possibility of using an interactive whiteboard, and 30 students 

indicated the use of tablets in class. The mentioned researches again have more positive results 

compared to our research. According to the results of the questionnaires, information and 

communication technologies are used quite often in the teaching process, while our research pointed 

out the uniqueness of the use of technologies. 

On the basis of individual researches, we can state that the authors used questionnaires to obtain 

data and also that the questions from the questionnaire were primarily addressed to teachers and 

pupils respectively. We focused on the lessons themselves and analysed the teaching process. We 

wanted to find out how often teachers use digital technologies in the classroom, while most research 

focuses on whether teachers will use digital technologies in general. 

8. Conclusion

Digital technologies have their meaningful application in the teaching process, facilitating the work of

teachers in all phases of the lesson and keeping the attention of the student. It is important to

appropriately implement digital technologies in the teaching process in order to improve the quality of

biology teaching. Based on the conducted research, we can state the uniqueness of the use of digital

technologies in biology classes. Therefore, it is necessary for teachers to complete training that will be

focused on the implementation and practical demonstrations of the use of digital technologies in the

teaching of biology.
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Abstract. Global trends in a rapidly changing world point to the necessity of transformation in the 
field of education. The rapid increase in information and digitization raises the question of changing 
priorities in the teaching of pupils at all levels of education and across different fields of study and 
subjects. The focus is on improving pupils' literacy and skills for the 21st century (critical thinking, 
digital and soft skills), which are key to the successful employment of graduates on the labor market 
and adaptability to changing demands in society and the work field. However, the mentioned 
changes also point to the necessity of targeted, effective, and up-to-date training of teachers as 
important actors in the digital transformation of education. The results of the SELFIE survey in 
Slovak primary and secondary schools indicate that pupils perceive differences in the degree of 
development of digital skills between different subjects. The development of these skills is the result 
of the didactic mastery of the teacher, who directs the teaching process to the appropriate and 
meaningful implementation of digital technologies for the fulfillment of the set goals. With the aim 
of improving the skills and competence of biology teachers, during the national project IT Academy 
- education for the 21st century, we implemented several accredited courses of innovative education
with the aim of innovating the teaching of biology in primary and secondary schools. We
investigated the positive and negative factors that influence the use of digital technologies in the
teaching of biology. Based on the experience of biology teacher education, we can conclude that the
completion of education focused on specific examples of the practical use of digital technologies in
teaching biology is a key element for the innovation of teaching and the shift to digital
transformation.

1. Introduction
The changing requirements for the successful employment of graduates on the labor market point to the
necessary innovation of the education of pupils in primary and secondary schools. One of the main goals
of the European Commission is to increase the level of digital competences of all citizens as a reflection of
digitization on a global level, in all areas of life. These digital competences are defined by the European
framework of citizens' digital competences DigComp in 5 areas, namely Information and data literacy (I),
communication and collaboration (II), digital content creation (III), safety (IV) and problem-solving (V)
(Vuorikari et al., 2022). The results of the SELFIE survey in Slovakia point to a different level of
digitization in primary and secondary schools (Mišianiková et al., 2021b). Pupils in many schools pointed
out significant differences in the development of digital competences in various subjects. The teachers
themselves assessed that the material equipment of the school is important for the successful digital
transformation of the school, but they also need appropriate education for the meaningful and effective use
of digital technologies in education. They see a lot of room for improvement, especially in education, which 
is focused on ways of using digital technologies in the assessment of students' knowledge and skills.

The digital transformation of school education should be based on a pre-thought-out and targeted 
school digitization action plan (Hubeňáková et al., 2020). Support for innovation in teaching and learning 
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and the digital transformation of schools was implemented through the National IT Academy project in 
2016 – 2022 (Šveda et al., 2022). A significant shift is the new role of a professional in education - digital 
coordinator. An important task of the digital coordinator is the development of an action plan for school 
transformation and responsibility for the implementation of the planned action steps. It turns out that the 
necessary action steps are also the improvement of the digital competences of educators, which is defined 
and described by the European framework of DigCompEdu (Redecke, 2017). The success of the school's 
digital transformation strongly depends on the level of digital competence of school teachers as important 
actors of education, including biology teachers. 

2. Support of biology teachers during the national project
During the duration of the IT Academy national project, biology teachers were supported in several ways,
primarily by creating innovative methodologies, providing accredited educational programs, and
conducting workshops and webinars. A total of 167 innovative methodologies were created for biology
teachers, of which 89 were for primary school teachers and 78 were for secondary school teachers.
Innovative methodological procedures represent complex procedures for the teacher with the application of
a research approach and the implementation of digital technologies in the teaching of biology in primary
and secondary schools. All proposed methodological procedures were verified by several teachers through
practice, with the subsequent incorporation of their comments and recommendations. After teaching the
lesson according to the proposed procedure, the teachers mainly evaluated the objectives of the lesson in
the area of knowledge, skills and abilities and their fulfillment according to the methodology, the degree of
application of the research approach, the adequacy of the proposed time allocation for individual activities,
the suitability of the proposed didactic aids, including digital technologies, motivation and interest pupils,
problems during teaching and pupils' misconceptions. The teachers also suggested improvements to the
methodological procedures and listed the most frequent questions of the students, many of which are
included in the final version as a source of inspiration for further research questions or to stimulate
discussion. The final innovative methodological procedures are part of extensive collections for biology
teachers (Lešková et al., 2021; Mišianiková et al., 2021c), which are made available online together with
supplementary study materials and worksheets for pupils. In addition to collections of methodologies, a
collection of methodologies for teaching a new innovative subject at secondary schools - Informatics in
natural sciences and mathematics - was created. To support teaching according to the proposed
methodologies, support was provided to teachers through accredited educational programs, face-to-face
meetings with teachers, and online webinars. In addition to the mentioned activities, we also provided help
to biology teachers in motivating and supporting talented students or students interested in biology and
implemented practical exercises in research laboratories, in which biology teachers also participated.

3. Education of biology teachers
The education of biology teachers during the IT Academy project was implemented using a formal and
informal approach. Formal education was provided as innovative educational programs accredited by the
Ministry of Education, science, research and sport of the Slovak Republic and met the standards established 
by law for the given type of education. Graduates received a certificate confirming successful completion
of the education. Informal education was carried out through discussion meetings with biology teachers,
practical workshops with teachers, or online webinars. Many of these meetings were attended by teachers
who are active in the Biology Teachers' Club organized under the auspices of the Pavol Jozef Šafárik
University in Košice. Teachers received certificates of participation, which can be recognized by the school
principal as part of continuous teacher education.
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4. Accredited innovative educational programs
The main goal of the educational programs was to expand the knowledge and professional competences of
biology teachers necessary for the meaningful and effective use of digital technologies and in the field of
applying methods of active natural science research in teaching. 3 accredited educational programs were
provided to biology teachers as part of innovative education:

1. Educational program Teaching biology in primary school with a focus on the development of
digital and scientific literacy (B - PS).

2. Educational program Teaching biology in secondary school with a focus on the development of
digital and scientific literacy (B - SS).

3. Informatics in natural sciences and mathematics, part of biology (INSaM).

All educational programs were implemented in a combined form, namely face-to-face and distance
learning, while the face-to-face form took place online during the pandemic. The implementation of 
distance education was ensured with the support of an e-learning environment, where teachers had access 
to supplementary materials for self-study. The main part of distance education was the development of a 
distance assignment, while teachers were provided with consultations if they were interested. The output 
of the distance assignment was formatively evaluated as part of ongoing feedback. After completing at least 
80% of the prescribed number of hours for the face-to-face form and preparing all the outputs of the distance 
part, the teachers finished their education by preparing and defending an original final presentation before 
the examination board. The final presentation of 15 minutes represented the level of acquired knowledge 
and skills of the graduate. The teachers presented the proposal and experience with the implementation of 
the lesson, which was a synthesis of research-oriented education and meaningful implementation of digital 
technologies (B - PS, B - SS) and/or informatics (INSaM). The teachers documented the students' activities 
and evaluated the contribution of the implemented activity to the development of the students' science 
literacy and digital competences. 

4.1 Programs focused on the development of digital and scientific literacy 
Educational programs focused on the development of digital and scientific literacy were implemented in 
the range of 40 (B - PS) and 50 (B - SS) hours. The specific goals of these programs were to deepen the 
knowledge and skills for applying the research approach in teaching (I), to expand knowledge and skills in 
the field of computer-supported measurements as part of the research approach in the teaching process (II), 
and to expand the knowledge of biology teachers about the principles of image and video analysis biological 
objects and events. 

The content of the programs was divided into 4 (B - PS) and 5 modules (B - SS), namely inquiry-based 
science education (IBSE) (I), Computer-supported laboratory (CSL) - school measurement systems (II), 
computer image processing (III), video analysis (IV) and additional module field work using school 
measurement and recording systems (V) for secondary school teachers (B - SS). The level of knowledge 
and skills from the given module was demonstrated by the teachers by preparing the output from the 
distance learning part. The output of the distance task was the design and implementation of a lesson with 
active student research. Teachers created preparation for 1 teaching unit in the form of a Word file in the 
scope of at least 2 pages of A4 format and documented examples of student work from the lesson conducted 
by the teacher in the form of a presentation in the scope of at least 8 slides. Table 1 shows the content of 
individual modules, the form of education, the time allowance, and the specifics of the teacher's output from 
the distance part. 
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Table 1. The content and scope of the educational programs are focused on digital and scientific literacy. 

Module Content Form of 
education 

Subsidy 
(hours) 

1 
Subject of education: Inquiry-based science education (IBSE) 
Introduction to IBSE, levels of research in IBSE, research cycle.  in person/online 2 
Practical demonstrations of IBSE on the example of the biology 
curriculum for primary (B – PS) and secondary schools (B – SS), 
interactive demonstration.  

in person/online 2 

Practical research in the role of a pupil – application of selected 
innovative methodologies created for (B – PS) and secondary schools      
(B – SS). 

in person/online 2 

Assessment of pupils' research skills. Examples and use of assessment 
tools. 

in person/online 2 

Preparation and implementation of a sample lesson on a chosen topic 
with IBSE. Output specification: observation notes, research plan, etc. 

distance 2 

2 

Subject of education: Computer supported laboratory (CSL) - school measurement systems 
School measurement systems. Use of school measurement systems on 
selected topics (heart - measurement of heart rate and blood pressure, 
etc.). 

in person/online 2 

Processing of measured data by computer and their interpretation. 
Mobile applications and their possibilities of use for measurement in 
teaching biology. 

in person/online 2 

IBSE with computer supported laboratory. Work in the role of a pupil 
according to selected innovative methodologies for teaching biology at 
primary (B – PS) and secondary schools (B – SS). 

in person/online 4 

Preparation and implementation of a sample lesson on the chosen topic. 
The lesson is research-oriented and uses measurement, data processing, 
and their interpretation. 
Output specification: measured data, graphs, etc. 

distance 2 

3 

Subject of education: Computer image processing 
Obtaining information about biological objects and phenomena based on 
computer measurement of objects in digital photography. Options and 
tools for working with digital photography. Examples. 

in person/online 2 

Acquisition of records from a digital microscope and their modification. in person/online 2 
Practical research in the role of a student according to selected 
methodological procedures (detecting the size of cells, counting blood 
cells, etc.). 

in person/online 4 

Preparation and implementation of a sample lesson on the chosen topic 
using computer processing of the image of a biological object. 
Output specification: photograph of a biological object and its analysis. 

distance 2 

Subject of education: Video analysis 
Video recording as a source of information on biological objects and 
phenomena. Making a camera recording and its digital processing. 

in person/online 4 

IBSE with analysis of selected video recordings, processing, and 
interpretation of obtained information. Examples. 

in person/online 2 
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4 Practical demonstration of innovative methodologies using video, 
created for biology teachers at primary (B – PS) and secondary schools 
(B – SS). 

in person/online 2 

Preparation and implementation of a sample lesson on a chosen topic 
using a video recording of a biological event or phenomenon and its 
analysis. 
Output specification: a video recording of a biological event or 
phenomenon made by a teacher or a pupil. 

distance 2 

5 

Subject of education: Field work using the school measurement and recording system 
Assessment of air and water quality. Data measurement and processing. 
Use of CLS outdoors.  

in person/online 4 

Manifestations of animals. Video recording, audio recording, and their 
digital processing and evaluation. Innovative methodologies were 
created for secondary school biology teachers. 

in person/online 4 

Preparation and implementation of a lesson on a chosen topic with work 
in the field (in the schoolyard, in the park, etc.) and the use of measuring 
and recording devices. 
Output specification: a video or audio recording of a biological object or 
event made by the teacher, examples of pupil products from the lesson 
(pupil recording of measurement, graph, calculation, pupil recording of 
an observed biological object or event, etc.)  

distance 2 

The aim of Module 1 was to know the current trends in the field of science education at primary (B - 
PS) and secondary schools (B - SS), especially in the field of education oriented towards active student 
science research. The activities were chosen to make teachers aware of different levels of inquiry and 
principles important for planning and designing activities, as well as effective inquiry-based teaching of 
biology. Biological observations, trials, and experiments were an important part of this module. The 
teachers solved research questions linked to everyday life or questions that stimulate the curiosity and 
motivation of students (Where does fat go if we lose weight? Is it possible to drown in the Dead Sea? Is it 
possible for a spider to get caught in its own web? Why do fish in the Arctic won't the seas freeze? Why is 
Katka after her mother? and others). The teachers found themselves in the role of a student who observes 
biological objects and discovers the regularities of biological events and phenomena through his own 
investigation. After this module, teachers should be able to apply the acquired knowledge and skills in 
teaching using the proposed innovative methodological procedures, as well as according to their own 
proposals for research activities appropriate to the age of the students, with an emphasis on developing 
students' research skills in accordance with the principles of constructivism and the objectives of the lesson. 
Teachers should be able to critically evaluate the quality of available educational materials aimed at the 
implementation of research activity. An important part of the module was the assessment of students' 
research skills with concrete examples and the use of evaluation tools for formative assessment of students' 
knowledge and abilities. 

In the module focused on the computer-supported laboratory, teachers were presented with 
measurement systems, as well as research activities focused on counting and measuring with the use of 
digital technologies. Teachers in the role of pupils looked for answers to research questions using measuring 
systems and sensors, websites in the form of online calculators, but also mobile applications with the 
possibility of measuring and calculating. For example, the teachers investigated whether/how it is possible 
to influence the activity of the heart, how respiration and photosynthesis of plants take place under different 
conditions, what their carbon footprint is, how many years they will live and how long they will live in 
health, they calculated the age and value of the tree (according to the type of tree, age and location), 
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investigated the consequences of using the phone behind the wheel by simulating different situations and 
using a mobile application to measure reaction time. The module also included modelling of biological 
events and phenomena, for example, the relationship between predator and prey using the Coach software, 
and investigating the consequences of a disturbed biological balance. 

In module 3, teachers became familiar with the possibilities of image processing in biology classes. 
Using freely available Fiji software, teachers analyzed digital photographs, counted biological objects (red 
blood cells), measured the content of objects or different parts in photographs (black and white zebra 
stripes), and indirectly counted volume (hypericin in dark and hyperforin in transparent nodules on St. 
John's wort leaf). The teachers observed the objects using a digital microscope (e.g., pollen grains), a stereo 
magnifier (the structure of a bird's feather, a carp scale), and made records for their further analysis. The 
module also included research activities using mobile applications using shape or color analysis, for 
example an application for the analysis of artificially prepared and differently colored urine samples, 
analysis of marks on the skin and evaluation from the point of view of the risk of malignant changes, an 
application for examining the color sensitivity of a healthy window or for identification fungi, plants, 
insects, etc. A special part consisted of activities using interactive online keys to identify trees and plants, 
3D models, simulations and also biological databases, where the results are displayed visually, for example 
the representation of bird migration and their occurrence in a selected area, forest monitoring, air quality in 
a given area or occurrence of endemic bird species, etc. 

The part of the program focusing on the analysis of the video recording aimed to familiarize teachers 
with the importance of video from the perspective of neuroscience knowledge, as well as practical examples 
of valuable video recordings with recommendations for their effective inclusion in teaching. The teachers 
mastered the principles of video analysis using the Coach software, which they can apply, for example, 
when analyzing a video of a person's breathing with visible movements of the diaphragm, recording the 
movement of animals, etc. Mobile applications with analysis of audio recordings were used for bird species 
identification. Teachers can take advantage of the fact that the creation, processing, and analysis of video 
footage by the students themselves has a significant effect on their learning. Therefore, within the module, 
the teachers created and then processed their own video recording on the selected topic. It was interesting 
to create records with subsequent analysis during the examination of living biological objects, e.g., snails, 
earthworms, lichens, etc. The teachers were also introduced to the possibilities of creating animations 
through freely available applications. 

The education of biology teachers at secondary schools (B – SS) was extended by a module in which 
teachers became familiar with research activities that can be implemented directly in the field. In the role 
of a student, they analyzed the quality of various water sources using measuring systems with sensors for 
measuring conductivity, pH, dissolved oxygen concentration, and litmus papers specialized for the analysis 
of several water parameters in ponds, lakes, and aquariums, as well as the analysis of drinking water. It 
included the use of mobile applications for the assessment of air quality in selected locations, documenting 
the occurrence of observed bird species, and participation in the census of birds in the world. Depending 
on the weather, the teachers also participated in the collection of manure in the botanical garden, which 
they later documented and researched. 

4.2 Program informatics in natural science and mathematics 
The biological block of the educational program Informatics in natural sciences and mathematics (INSaM) 
was implemented during 3 academic years in the scope of 25 hours as part of a larger educational program, 
which made up 50 hours together with a general block of informatics and a block focused on the teacher's 
second approval subject (informatics, mathematics, physics, chemistry or geography). In the last 2 academic 
years, the biology block was taught as part of a separate innovative educational program in the range of 50 
hours. The specific goal of the program was to expand the knowledge and skills of biology teachers with 
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the implementation of informatics and digital technologies in solving biological research questions and 
problems, namely by analyzing the image of biological objects (I), modeling biological events and 
phenomena (II) and using available biological databases (III).  

The education was designed so that biology teachers have the knowledge and skills necessary for 
teaching the biology block of the innovative optional subject INSaM in secondary school. The content of 
the modules was aimed at introducing innovative methodological procedures, the name of which presents 
a research problem solved using informatics. Table 2 presents the subject of the education modules, the 
name of innovative methodologies, the form of education, and the time allowance within the educational 
program in the range of 25/50 hours (more details in Kimáková et al., 2020; Mišianiková et al., 2021a). 

Table 2. Content and scope of the educational program Informatics in natural sciences and mathematics (INSaM). 

Module Content Form of 
education 

Subsidy 
(hours) 

1 

Subject of education: Image processing 
Organism and environment: How many birds fly in a flock? in person/online 2/4 
Blood, blood elements: How do we know how many blood cells are in 
the blood? 

in person/online 2/4 

Cell: What does light reveal about cells? in person/online 2/4 

2 

Subject of education: Modeling 
Organism and environment: Rabbits and foxes. in person/online 2/4 
Cell proliferation: When is the surgeon busy? in person/online 2/4 
Organism and environment: When is the forest healthy? in person/online 2/4 
Virology, bacteriology, prophylaxis: Will you get vaccinated? in person/online 2/4 

3 

Subject of education: Database system 
Biodiversity: Get to know the plants. in person/online 2/4 
Organism and environment: Where do migratory birds fly? in person/online 2/4 
Structure of nucleic acids, genetic code: It is not a virus like a virus. in person/online 2/4 

Distance output: Preparation for 1 teaching unit in the form of a Word file in the scope of at least 2 pages of A4 
format, a photo of the biological object and samples of the pupil´s record of the lesson conducted by the teacher in 
the form of a presentation in the scope of at least 8 images. Subsidy: 5 hours/10 hours, including self-study and 
consultation of the final presentation. 

4.3 Participation of biology teachers in accredited educational programs 
The University of Pavel Jozef Šafárik in Košice implemented the accredited education of biology teachers 
during the period of 5 academic years as part of the IT Academy project. In the beginning, teacher training 
took place face-to-face (in person), but for the last 2 academic years, all implemented programs took place 
in an online environment due to the pandemic. Figure 1 shows the participation of teachers in accredited 
programs, which were successfully completed by the defense of the final thesis by 127 teachers, of which 
53 teachers graduated from the Educational program Teaching biology in primary school with a focus on 
the development of digital and scientific literacy (B – PS, biology primary school teachers), 50 teachers 
completed the Educational program Teaching biology in secondary school with a focus on the development 
of digital and scientific literacy (B – SS, biology secondary school teachers) and 24 teachers completed the 
innovative education Informatics in natural sciences and mathematics, part of biology. Teachers showed 
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the greatest interest in participating in programs focused on the development of digital and scientific 
literacy, especially at the beginning of education.  

The interest of teachers in these programs during the academic year 2020 – 2021 decreased 
significantly. Since the training of teachers in the academic year 2019 – 2020 was completed before the 
start of the pandemic, we believe that the decrease in interest in education was caused by the pandemic, 
when teachers participated in online webinars to support the teaching of students online. On the contrary, 
in the case of innovative education Informatics in natural sciences and mathematics, part of biology, we 
noticed the opposite trend. The increased participation of teachers in the academic year 2018 – 2019 was 
probably caused by the fact that this educational program was not opened in the previous academic year for 
organizational reasons. The teachers' interest in this education was approximately the same, even in the last 
year of the project. The availability of online education meant that in the last 2 academic years, teachers 
from all over Slovakia and from more distant locations participated in the education. During the project, 
the education of biology teachers was also carried out by the partner universities, Matej Bel University in 
Banská Bystrica and Constantine the Philosopher University in Nitra, with the exception of the educational 
program Informatics in natural sciences and mathematics, part of biology. 

Figure 1. Participation of biology teachers in educational programs (B – PS: Educational program Teaching biology 
in primary school with a focus on the development of digital and scientific literacy, B – SS: Educational program 
Teaching biology in secondary school with a focus on the development of digital and scientific literacy, INSaM: 
Informatics in natural sciences and mathematics, part of biology). 

4.4 Evaluation of educational programs by teachers 
Primary and secondary school biology teachers spoke positively about the contribution of education to their 
professional development at the final defense. After the final defense, we sent an online questionnaire to 
teachers for the evaluation of accredited education. We sent the questionnaire to graduates of all accredited 
educational programs. 

We asked the teachers to evaluate each module of the given educational program according to 3 
criteria, in the context of usefulness, applicability, and the level of knowledge and skills achieved. In the 
questionnaire, it was explained that usefulness means that the knowledge and skills are new for teachers or 
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presented in a new way and have the potential to innovate the teaching of pupils in the area related to the 
given module. Applicability represents the possibility of using the knowledge and skills acquired in biology 
classes in relation to the conditions of the school, the material provision of classes, as well as in relation to 
the school's educational program for biology. Finally, the teachers also commented on how, after 
completing the program, they evaluate the level of their own knowledge and skills in relation to the given 
module, where their level of self-confidence is high and where, on the contrary, they see the potential for 
improvement and the suitability of further education. Each criterion was rated by teachers using a scale of 
1 – 5, where 1 means the lowest level of usefulness/applicability/level of knowledge and skills, and 5 the 
highest rating for that criterion. In the questionnaire, there was also space for justifying the evaluation of 
the module, recommendations, and evaluation of the benefit of meetings held in person compared to online. 

The evaluation questionnaire was filled out by 89 biology teachers, which represents 70% of the total 
number of education graduates. Of the teachers involved in the programs focused on the development of 
digital and scientific literacy, 42 elementary school biology teachers (B - PS) and 33 secondary school 
teachers filled out the questionnaire, which represents 79% and 66% of the number of graduates of the 
given educational program. Of the graduates of the educational program Informatics in natural sciences and 
mathematics, part of biology, 14 teachers participated in the survey, which corresponds to 58% of the 
graduates of this program. Tables 3 and 4 show the evaluation of the modules of the educational programs 
by the biology teachers who successfully completed the training. Table 3 illustrates the proportions of 
biology teachers (%) of primary/secondary schools (B – PS/B – SS, %) who evaluated the module according 
to the given criterion on a scale of 1 – 5. 

In general, primary school and secondary school teachers rated the innovativeness and usefulness of 
education most prominently in module 2, which focused on computer-assisted measurements, the use of 
measurement systems, and mobile applications for measurement. The teachers evaluated that this part of 
the program helped them to realize the importance of measurement in regular biology lessons and that 
measurement can be part of several practical exercises. High school teachers indicated that students' work 
with graphs to interpret results could be useful in developing critical thinking and data analysis, and these 
skills could also be useful for students interested in studying medicine. On the other hand, it is precisely in 
this area that even after training, teachers perceive great room for improvement and the suitability of further 
education. Several teachers stated that their uncertainty is related to the lack of measurement systems at the 
school, the insufficient number of sensors, or other limitations. It is also the reason why teachers perceive 
a lower degree of applicability of knowledge in practice. On the rating scale, the teachers rated usefulness 
and innovativeness lower in module 1, where the teachers adopted the principles of research-oriented 
teaching of biology. The teachers justified this by saying that some of the information was familiar to them. 
Nevertheless, they commented on the validity of the given module and stated that they mastered the 
principles of research-oriented teaching mainly thanks to practical research activities during the entire 
education in the role of a student, distance learning assignments from each module, and the realization of 
lessons with the application of IBSE. Secondary school biology teachers evaluated the module in terms of 
applicability lower than elementary school teachers, which they explained by time constraints in regular 
biology lessons. The survey also showed that teachers also see potential for further education in this area. 
When evaluating all modules, teachers positively perceived practical demonstrations of the use of digital 
technologies in teaching biology. Primary and secondary school teachers were interested in websites and 
mobile applications that can be used directly in school, but also as part of student research in preparation 
for teaching. Most of the presented sites and mobile applications were unknown to the teachers until then, 
and they considered the presented ideas to be an important source of innovation in teaching biology. 
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Table 3. Evaluation of educational programs focused on digital and scientific literacy (%, B – PS/B – SS). 

1 2 3 4 5 
Module 1: Inquiry-based science education (IBSE) 

Usefulness 0/0 0/0 40.5/45.5 42.8/30.3 16.7/24.2 
Applicability 0/0 0/0 7.2/12.1 33.3/48.5 59.5/39.4 
Level of knowledge and skills 0/0 14.2/6.1 26.2/18.1 54.8/57.6 4.8/18.2 

Module 2: Computer supported laboratory (CSL) - school measurement systems 
Usefulness 0/0 0/0 0/0 16.7/24.2 83.3/75,8 
Applicability 0/0 16.7/24.2 28.6/3 45.2/57.6 9.5/15.2 
Level of knowledge and skills 0/0 28.6/3 50/63.6 21.4/27.3 0/6.1 

Module 3: Computer image processing 
Usefulness 0/0 0/0 0/0 52.4/42.4 47.6/57.6 
Applicability 0/0 4.8/3 23.8/27.3 28.6/57.6 42.8/12.1 
Level of knowledge and skills 0/0 4.8/9.1 23.8/15.2 45.2/60.5 26.2/15.2 

Module 4: Video analysis 
Usefulness 0/0 0/0 0/0 50/54.5 50/45.5 
Applicability 0/0 4.8/0 4.8/3 23.8/24.3 66.6/72.7 
Level of knowledge and skills 0/0 4.8/0 42.8/27.2 26.2/57.6 26.2/15.2 

Module 5: Field work using the school measurement and recording system 
Usefulness 0 0 0 30.3 69.7 
Applicability 6.1 12.1 54.5 21.2 6.1 
Level of knowledge and skills 6.1 27.3 21.2 24.2 21.2 

The evaluation of the biological block of the educational program aimed at preparing teachers to teach 
the innovative subject informatics in natural sciences and mathematics at school is demonstrated in Table 
4 (%). Education graduates highly rated the usefulness of all modules, which is connected to the innovative 
character of the given subject. The survey indicates that teachers perceive the applicability of the developed 
methodological procedures in teaching the subject. According to this criterion, they rated databases and 
image processing the highest, while solving biological problems through modeling was the lowest. The 
assessment of modules by teachers from the point of view of applicability and their knowledge and skills 
has the same trend. The teachers also stated that they perceived as a limitation the low level of digital 
competences needed in the teaching of module 2. However, several teachers demonstrated during the final 
presentation that, in cooperation with the informatics teacher, they had successfully designed and 
implemented lessons using modeling with the Python programming language. Most often, however, 
teachers choose image analysis through the Fiji application for the final work. 

When evaluating the form of education, up to 76% of teachers would choose a combined form of face-
to-face and online meetings supplemented by distance tasks, 15% of teachers would prefer to conduct all 
meetings online, and 9% would prefer face-to-face. 

Table 4. Evaluation of educational program Informatics in natural sciences and mathematics, part of biology (%, 
INSaM). 

1 2 3 4 5 
Module 1: Image processing 

Usefulness 0 0 0 7.1 92.9 
Applicability 0 0 0 14.29 85.71 
Level of knowledge and skills 0 7.1 35.7 42.9 14.3 

Module 2: Modeling 
Usefulness 0 0 0 0 100 
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Applicability 0 0 0 78.6 21.43 
Level of knowledge and skills 7.1 35.7 35.7 21.5 0 

Module 3: Database system 
Usefulness 0 0 0 14.29 85.71 
Applicability 0 0 0 7.1 92.9 
Level of knowledge and skills 0 0 7.1 57.2 35.7 

5. Informal education of biology teachers
During the IT Academy national project, 23 in-person and online meetings with biology teachers were held, 
in which a total of 345 teachers participated. Teachers showed the greatest interest in this form of education
during the pandemic, when several webinars were held focused on the possibilities of research-oriented
teaching of biology online and the presentation of available digital tools, mainly in the form of websites
and mobile applications.

6. Conclusion
The continuous education of biology teachers is of enormous importance in the era of rapid development
of digital technologies and the related need for digitization of education. Primary and secondary school
biology teachers perceive the need for innovative education focused on practical demonstrations of the
implementation of digital technologies in teaching. It is the alternative possibilities of digital tools, which
are freely available for teachers and students, that offer a way of meaningful innovation in teaching biology. 
The use of mobile applications during student research supports the motivation of students and the
connection of education with everyday life. In addition, the effective use of digital technologies contributes
to the well-thought-out development of pupils' digital competences, as well as 21st-century skills. Biology
teachers are also supported by digital coordinators at schools, who are the leaders of the school's digital
transformation. Newly established regional teacher support centers offer individual support to teachers
through a mentor who accompanies the teacher in his professional and personal growth.
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Abstract. Nowadays, finding new strategies for students’ learning is discussed by many 

authorities in the research field as well as through state curricula. The need for transfer from 

traditional education to student-activating methods is widely emphasized. One of the possible 

tools enabling the achievement of the above objectives is an animation. This article presents a 

set of newly created animations on the topic of nucleic acids and their use in teaching at a Czech 

high school. A total of 18 interactive and interdisciplinary 2D subanimations were created. They 

were used in an action research (realised with a questionnaire survey) for graduate students. 

According to the answers, the students evaluated the animations positively. They appreciated 

the clarity, sufficient professional level, and simple handling. 

1. Introduction

Pupils’ motivation has been a very strongly discussed topic recently (Ikwuka et al., 2017). Today, many

professionals report the necessary transition from traditional frontal education to a more attractive form

for students and, as a result, for teachers. This transition is in great demand, especially in the natural

sciences. The fields of chemistry, physics, but also biology are often very abstract and demanding on

understanding and the student’s imagination (Szarka & Juhász, 2014). According to many authors, it is

possible to reverse this perception by using visualization tools that will simulate or at least animate

complex events (Barak & Ashkar, 2011; Nodzyńska, 2012; Schönborn & Anderson, 2006).  One of the

visualization tools that can be used for this purpose is an educational animation.

This article summarizes the methodology and results of action research, which addressed the possible 

increase in teaching effectiveness through the use of educational animations. It was performed in the 

subject of chemistry at a Czech high school, and the animations focused on the structure and metabolism 

of nucleic acids were used for it. 

2. Theoretical background

The following paragraphs will describe the theoretical background on which the whole survey is based.

The main emphasis is on animation as one of the possible dynamic visualization tools, teaching

effectiveness, and action research theory.

2.1 Animation 

Animation can be classified as a dynamic visualization tool, which includes, among other things, 

simulations and videos (Ainsworth & van Labeke, 2004). It is now widely accepted that animation leads 

to more efficient teaching (Barak & Ashkar, 2011; Szarka et al., 2016; Tarmizi, 2010). Animations have 

the potential to illuminate concepts that are otherwise very abstract and difficult to understand. This is 

also confirmed by Barak & Ashkar (2011), who argue that animations are applied to support the transition 

from abstract to concrete thinking. In this way, they help to develop the student’s comprehensive 

understanding. In an educational context, animation is particularly effective when it visualizes processes 

that cannot be observed or are difficult to explain (Ikwuka et al., 2017). Understanding such complex, 
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abstract concepts results in better memorization, and animation can also prevent misconceptions or get 

possible preconceptions to the right level (Tarmizi, 2010). 

A meta-analysis by Berney et al., who analysed 140 pair-wise comparisons in 61 studies (a total of 

7036 respondents) comparing the effects of static (images, texts, …) and dynamic models (animations) in 

teaching, pointed to a long-running conflict between researchers. Of the 140 studies, 43 (30.7 %) pointed 

to more positive effects of the use of animations compared to static models, while according to the results 

of 14 studies (10 %), static objects are more effective than dynamic ones. A large number of surveys (a 

total of 83, i.e., 59.3 %) did not find any significant difference between teaching using static and dynamic 

models. The authors’ conclusions, therefore, speak of a positive effect of animations in comparison with 

static models. The authors state that animations, unlike static objects, provide a more comprehensive 

view of the problem simply because several solo static objects (eg. images) must be used to express for 

example structural changes in a certain chemical process, while in the case of an animation, change is 

more clearly represented by a single dynamic object (Berney et al., 2015). As a result, animations reduce 

students' cognitive overload. 

Other authors argue that animation can lead to increased motivation, increased academic 

achievement, reduced learning time, gaining student attention, and support for cognitive processes 

(Barak et al., 2011; Ikwuka et al., 2017; Kainz et al., 2013; Stith, 2004; Szarka et al., 2016). 

Among the negatives of educational animations, we can include, for example, the transience of the 

presented information. Thus, animation does not offer permanent, but temporary information. From this, 

it is evident that the given information can remain in the working memory of the pupils for only a few 

seconds, and subsequently, other information can be displaced (Bétrancourt & Tversky, 2000). 

Another negative factor may be the so-called "split attention effect", which in many animations 

may be caused by their excessive complexity. Some objects may move at the same time, and students are 

then forced to divide their attention, which can lead to imperfect capture of the required information 

(Lowe, 1999). 

The above conclusions of the studies show that animations can be a tool that strengthens the 

understanding of complex processes, increases students’ motivation, and thus improves their learning 

outcomes. 

However, on the other hand, many studies have not found the correlation between the use of 

animation and better understanding or motivation of students (Bétrancourt & Realini, 2005; Hegarty et 

al., 2003; Rebetez & Bétrancourt, 2007). However, the relevant reasons have still not been identified. 

2.2 Effectiveness of the educational process 

Given that each person spends a substantial part of their childhood or adolescent life at school, it is 

useful for education to be as effective as possible. Very often, the term "teaching effectiveness" refers 

to the expression of the success of students, teachers, or entire schools in various subjects, competitions, 

entrance exams, etc. Among the many definitions of teaching effectiveness, we can mention, e.g., "It is 

the ratio between spent resources, time, effort, intensity of psychological processes in learning activities, 

and achieved results of learning activities (mastered knowledge, applicable working procedures, 

adopted attitudes)." (Kolář, 2012). 

Many authors have been dealing with the effectiveness of teaching for a long time. Surveys in this 

area also include a meta-study by Seidel and Shavelson, which summarizes the results of research into 

teaching effectiveness in 1996-2006. As a basic research method, the authors used a meta-analysis of 

research studies that looked at the effects of the teaching process on students' learning. The basic result 

of the meta-study is the fact that the effectiveness of teaching is complex. The management of learning 

activities related to a specific curriculum has the greatest effect on pupils' cognitive outcomes. The 

subject-related activities, social and personal experience, time for learning, management, and 

monitoring had the greatest effect on motivational-affective outcomes. Again, learning material, 

activities, learning time, and social experience had the greatest effect on learning processes (Seidel & 

Shavelson, 2007). 

From this and other research, it is clear that the right variation of learning activities, personal 
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experience, teacher and student work management and their expertise contribute to greater teaching 

efficiency (Brandsford et al., 2000; Floden, 2001; Seidel & Shavelson, 2007; Wang et al., 1993). 

2.3 Action research 

According to the Pedagogical Dictionary, action research is characterized as: "A type of pedagogical 

research, the purpose of which is to directly influence or improve a certain part of educational practice, 

addresses the current needs of the educational institution" (Průcha et al., 2003). Action research is seen 

as a tool that helps teachers solve problems in school practice and, at the same time, implement 

innovations in this practice. The teacher appears here in the difficult dual role of researcher and active 

participant at the same time. This type of research may differ from academic research, but it is no less 

significant or less relevant. Its results correspond to immediate activities, but have limited use and are 

more subjective. Action research is focused on both the pupil and the teacher; it has the potential to 

improve the teacher's procedures and methods, and at the same time, in the broader context of the whole 

school. 

In action research, action, reflection, and revision are essential elements. According to Whithead 

(1993), action research is practical to be divided into five steps: 

a) a problem that has arisen in practice,

b) the idea of solving the problem,

c) activity for the chosen solution,

d) evaluation of the results of activities,

e) modification of the problem.

The objectives of action research have already been described in general terms above, but in 

summary, their essence is to increase the teacher's professionalism, develop his pedagogical thinking 

and skills, and improve his decision-making processes. Overall, therefore, this type of research leads to 

an improvement in the teacher's practice. A very important point is also that action research supports 

the improvement of pupils' results and the overall level of their work at school. Also, a sense of personal 

responsibility for one's own growth of professionalism, efforts to improve teaching, leading to better 

educational results of students, are not negligible possible results of action research (Nezvalová, 2003). 

In terms of types of action research, we distinguish two basic types (Schmuck, 1997): 

a) Proactive action research - when the action itself takes place before data collection and

processing. The teacher first develops activities, the effectiveness of which he then studies.

This type of research inspires teachers to implement new approaches, methods, or tools used

in teaching. This inspiration can be based on the teacher's previous experience, from

colleagues, or the students themselves. Proactive action research begins with an attempt at

new approaches that bring better results, then the teacher gathers students' reactions to the

changes, then evaluates the information obtained, and tries other new approaches (alternative

approaches are also possible).

b) Reactive action research - here, teachers gather information before trying to innovate

practice. The teacher's activity is based on the assumption that each pedagogical situation is

unique and it is necessary to first understand it, then respond to it. The steps of this type of

research are as follows: collect information about the situation, evaluate this information,

define the changes that will follow, try new approaches and implement them, then monitor

reactions and collect data, then evaluate and possibly modify selected procedures and

methods.

The survey described in this article used a proactive type of action research. 
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3. Aim of the study, research questions, and hypothesis

It is evident that the conclusions from the studies described above are inconsistent. For this reason, there

is a need for more investigations that focus on the use of animations in teaching, respectively, on their

impact on pupils' motivation and learning outcomes. The action research described in this article aims

to validate nucleic acid-related animations. The results of previous studies show that this topic is

considered one of the difficult topics in chemistry (or biology) (Marbach-Ad et al., 2007; Rotbain et al.,

2008), so the use of animations for its teaching is offered. At the same time, the students from the

research class mentioned that the topic of nucleic acid metabolism was discussed in biology during the

same school year, but without the use of dynamic visualization tools. For the pupils, the whole

curriculum was difficult to understand; they were confused by a lot of information, or did not understand

the basic principles of these events. The following objectives of the research survey were set:

a) verify the quality of the created animations on the topic of nucleic acid and modify these

animations according to any student comments,

b) to find out the attitude of pupils to the use of educational animations in teaching in order to

make teaching more efficient.

Based on the above objectives, the following research questions were formulated: 

RQ1: Are the created animations on the topic of nucleic acids of sufficient quality for use in 

teaching this topic? 

RQ2: According to students, can the use of educational animations in teaching lead to its greater 

effectiveness? 

4. Methods and study design

4.1 Participants and learning environments

The action research presented in this paper was carried out at a secondary level of the grammar school

type in Slaný (Central Bohemian Region). It was attended by 9 high school graduates in the subject of

chemistry. It was a proactive action research. The educational animations used presented the topic of

nucleic acids. The whole process is described by the following schedule:

a) creation of a new teaching aid,

b) setting the main goal,

c) carrying out the research itself,

d) obtaining feedback,

e) evaluation of feedback and drawing conclusions.

The animations used were created in Adobe Animate 2022, in the javascript coding language. In 

total, the animation application contained 18 partial animations, which covered basic high school topics 

related to nucleic acids (e.g., animal cell structure, replication, transcription, translation, PCR). The 

animations were created on the basis of a search of already available thematic materials and according 

to criteria that are discussed, for example, in the author's diploma thesis (Šarboch, 2018). 

Figure 1 shows the desktop of the animation program. The creation is based on inserting specific 

objects into different layers. Objects in individual layers can then be animated independently of the 

others. In addition to various drawing tools, the workspace also contains a library of already created 

objects, as well as an overview of individual layers, and of course, the drawing canvas itself. 

David Šarboch, Milada Teplá

103



Figure 1. Sample desktop of the animation program Adobe Animate 2022. In the lower part, you can see the 

individual timelines, and in the middle is the drawing canvas itself. On the left is a column of drawing tools, on 

the right is the library and options for working with objects. 

Figure 2 then represents the final animation itself, respectively. animation window. It consists of 

an ongoing animation, under which there is an accompanying text describing the animated processes. 

The text can be turned off and on again. Above the text box is the timeline of the animation, to the left 

of it, the individual interactive animation buttons ("go back", "play", "pause", "go forward"). 

Figure 2. Example of the animation itself. Here you can see a part focused on the replication process. 
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4.2 Research tools 

The tool that was used to obtain data on the basis of which it was possible to answer the research 

questions was a student questionnaire. It contained three items. The first of them presented pupils with 

several statements with which respondents had to agree or disagree to varying degrees (a five-point 

scale from "strongly agree" to "strongly disagree"). In the second item, students were asked questions, 

to which they responded with a short open answer. In the third item, the respondents had to create 

hashtags that would describe the work with the animations. After completing the questionnaires, an 

additional interview between the teacher and the students followed, during which some answers were 

supplemented or clarified. The results of the survey are discussed in a chapter below. 

4.3 Schedule of implementation of the action research 

The first step was to create interactive, educational animations on the subject of nucleic acid (for more 

details, see the paragraphs above). The research itself was conducted continuously during three lessons. 

Specific topics were the processes of replication, transcription, translation, and maturation of proteins 

(a total of 4 partial animations were used). Teaching animations served as a basic teaching tool, which 

was always used in most classes. Among the methods used during the survey, frontal teaching with the 

method of asking questions, cooperative learning, and finally, the description of animated events by the 

pupils themselves prevailed. The animations were used mainly during the exposure, fixation, and 

diagnostic phases of the lesson. 

The penultimate part of the whole process was to get feedback from the students themselves. This 

was done by a short questionnaire, which found out the attitude of students to the use of specific 

educational animations and at the same time their impression of the research tool itself. 

Based on the reflection with the pupils, the animations used in the teaching were finally partially 

modified. The main change was the conversion of the blue background to light grey and the subsequent 

necessary change in the colour of some texts. Due to the fact that some students found the accompanying 

texts to be less informative, a study text was created with static visualization material, which specifies 

and possibly expands the animated topics. 

5. Results of the action research

The questionnaire that the students filled in after using the animations in the lesson was divided into

three parts. This division also reflects the following summary of the results of the action research.

The answers from the first part, which mainly concerned the appearance and use of specific 

animations, are summarized in Tab. 1. Pupils had to evaluate individual statements with a grade from 1 

to 5 (i.e. 1 - strongly agree, 5 - strongly disagree). 

Table 1. The results of the first part of the questionnaire summarize the appearance and use of the animations. 

Evaluation criterion (statement) 
Amount 

of „1“ 

Amount 

of „2“ 

Amount 

of „3“ 

Amount 

of „4“ 

Amount 

of „5“ 

Average 

grade 

The animations have good graphics. 2x 7x --- --- --- 1,78 

The complexity of the professional 

content corresponds to the educational 

level. 

9x --- --- --- --- 1,00 

The animations are illustrative. 6x 3x --- --- --- 1,33 

The inclusion of similar animations in 

other topics would lead to a better 

understanding of teaching. 

6x 3x --- --- --- 1,33 

The inclusion of similar animations in 

other subjects would lead to a better 

understanding of teaching. 

5x 4x --- --- --- 1,44 

The results presented in Tab. 1 show that the students evaluated the animation very or rather 

positively in all the above criteria. During the additional questioning of individual statements, the pupils 
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mentioned, for example, that the video used to explain the given topics in biology was too complex, 

from a professional level, it did not correspond to their previous knowledge, and at the same time, it did 

not match the knowledge required by the teacher. On the contrary, the educational animations seemed 

to the pupils to be quite suitable for use at the secondary school level. 

In terms of clarity, the students pointed out the blue background of the animation and the blue 

colour of some enzymes, which sometimes led to poor visibility of the ongoing events. 

Among other topics that could be elaborated within the animations, the pupils mentioned in 

particular cellular respiration, photosynthesis, van der Waals interactions, hydrogen bonds, or lipid 

emulsification. Pupils would also be able to imagine the use of animations in biology subjects 

(especially in the topic of cell metabolism and genetics), in physics (animation of various physical 

processes), and then in mathematics, for example. 

The second part of the questionnaire was represented by five open-ended questions. Below are the 

individual items and summaries of the students' answers: 

a) "Which elements were disturbing in the animation?"

Most of the students did not observe any disturbing elements in any of the animations used. 

However, some mentioned the use of a blue background and blue moving objects, which sometimes 

merged with the surface. 

b) "Did you use the above animations for home study as well?"

Three students wrote that they actually used the animations at home. The rest of the respondents 

stated that they did not know where to find them, so they used videos used in biology, but nevertheless 

used notes from chemistry lessons during their home preparation. 

c) "Write the 3 pros of the animations used."

Here, the captions that accompany the individual animations were very often mentioned, as well 

as the possibility of moving or stopping the animation (and possibly re-reading the accompanying 

commentary). There have also been comments on the very nature of the use of animation in teaching: 

"You get a better idea of what's really going on than just looking at the pictures." 

d) "Write the 3 cons of the animations used."

The answers in this task were mainly related to a small accompanying text, or the need to add more 

information to the text. The fact that animation needs to be explained by teachers was also mentioned 

as a negative. This observation is very closely related to the generally accepted thesis that animations 

are not self-supporting, and the role of the teacher is very important here. 

e) "Write at least 1 other way of using animations in the class in addition to the classic

presentation by the teacher." 

Pupils mainly mentioned group work (cooperative teaching), they also mentioned a certain form 

of peer learning, and the flipped classroom method. 

In the last part of the questionnaire, the students had the task to come up with at least one hashtag 

that would relate to the animations used. Here are some specific answers: #chemistryunderstandably, 

#Ivegotit, #creativelearning, #animationineducation, #illustrativeteaching, #playwithchemistry, 

#easybiochemistry. 

The results above show that students perceive the implementation of animations in the educational 

process as a positive step that leads to increased efficiency and attractiveness of teaching. Of course, 

due to the very small sample of respondents and the very nature of the action research, the results cannot 

be generalized. On the other hand, thanks to the research, it was possible to adjust the entire animation 

set according to the pupils' observations, and valuable suggestions were also obtained for further work 

in the field of creating and using animations in teaching. 
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6. Conclusion

The action research described in this paper followed the pupils' opinion on the use of educational

animations in teaching, and at the same time, its aim was to obtain feedback on the created animations

as one of the possible didactic tools.

It should be mentioned that action research usually concerns only a small sample of respondents, 

who often subjectively evaluate, for example, the demonstrated method. Therefore, its results cannot be 

generalized to the entire population. However, it can be argued that the use of educational animations 

on the topic of nucleic acids was found by students to be positive. According to the respondents, the 

understanding of the given processes increased significantly, and the presented curriculum was more 

comprehensive and clear for the pupils. The answer to the second research question is therefore positive, 

yes, the use of educational animations can lead to greater teaching efficiency. The question arises of 

whether this positive effect was not caused by previous teachings on the topic of biology. It is possible 

that the students who had already encountered the topic had some basics, so the topic was not completely 

foreign to them, some knowledge was supportive for them, and therefore they understood the teaching 

in chemistry better. However, the aim of this research was not to compare the teaching of biology and 

chemistry, but to find out a specific attitude on a particular topic taught by a specific method. From this 

point of view, the use of animations can be considered effective. 

According to the first item of the questionnaire, the first research question can also be answered. 

Pupils rate the created animations as high quality, but with minor shortcomings. Based on their 

comments, the most mentioned shortcomings were adjusted. In particular, it involved changing the 

background colour and editing some text. It would be interesting to use the discussed animations once 

again with other students and follow their specific answers and reactions. However, this research step 

was not implemented due to time constraints. 
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Abstract. Currently, many teachers struggle with students’ negative attitudes towards school. 
Students are reluctant to learn, bored at school, and reject some subjects because they consider 
them unnecessary. Distance learning in schools also made a significant contribution to the 
situation. We decided to address this unfavorable situation within the „Student Grant 
Competition“ (SGS) project by preparing activities leading to game-based learning. The article 
presents educational games (a card game, a memory game, and tasks from the worksheet) with a 
simple design, which emphasizes the remembering of facts. Due to the fact that these 
"stereotypical" activities can no longer attract students so much, they were transferred to the 
environment of online applications (LearningApps, Flippity, Wordwall) and they were created 
into fun games to support meaningful learning. During the solution of online games, students are 
motivated through a competitive challenge, curiosity, ongoing control, and the provision of 
immediate feedback. Students’ motivation is positively influenced by the theme of the game 
connected with everyday life, the impressive story taking place in the background of the game, 
and the evaluation of learning progress. 

1. Introduction
The goal of every teacher is to attract the student’s attention and interest in learning. Make learning more
attractive, captivating, and effective (Ott & Tavella, 2009). To support students’ external and internal
motivation, student involvement, critical thinking, and social interactions (Alsawaier, 2018). To enable
learning to take place individually, at the students’ own pace, and be linked to experience (Challco et al.
2015;  Perryer et al. 2016). All these aspects are covered by the online didactic game.

Gaming is associated with trial and error, failure, and eventual success through practice, experience, 
reasoning, and learning (Buckey & Doyle, 2014). Many educational games have a simple design and 
emphasize memorizing facts by practicing tasks. When students are provided with regular explanatory 
feedback, this fun teaching leads to deep learning and improved learning outcomes (Erhel & Jamet, 2013). 
Over the last decade, gamification has been increasingly implemented in full-time and online teaching. 
The modern trend is the introduction of online applications in all phases of teaching. Digital learning 
tools have considerable potential in providing immediate feedback in the form of formative assessment. 
Students have the opportunity to self-control and identify weaknesses, which leads to better learning 
outcomes. 

2. Aim and methodology
The aim of the authors was to design game activities using selected online applications, then to include
them in the exposure and fixation phase of teaching, to verify the effectiveness of fun learning using the
activation method of didactic games with an open-ended test. Furthermore, during action research,
factors that can influence the results of testing must be identified. The research questions were defined
as follows: “Does the game activity used affect the test results?”, “Does students’ academic average
affect test results?
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Prepared online game activities using LearningApps, Flippity and Wizer.me were tested at three 
schools (A, B, C), using three different tools 1-3 (1 - individually assigned tasks, 2 - escape games and 
3 - interactive worksheet). Testing at the school took place in two parallel classes, taught by one teacher, 
and the subject matter, Natural substances connected with everyday life, was selected for the research. 
The research sample included a total of 126 students in the 9th grade of primary school, of which 58 
were girls and 68 were boys. The activities included 82 students, including 38 girls and 44 boys, and at 
School B, 44 students, including 20 girls and 24 boys, participated in the fixation phase. The success of 
solving individual test items was determined from the testing results. Subsequently, Pearson’s test of 
independence was applied to verify the hypothesis. 

3. Research organization

3.1 Selection of curriculum for research 
First, a suitable subject, Natural Materials, with an interdisciplinary overlap in biology and health 
education, was selected. This curriculum covered these topics as carbohydrates, lipids and proteins. 
Subsequently, an analysis of terms occurring in the most frequently used textbooks in the Czech Republic 
for primary schools from the publishing house Fraus and Nová škola was performed (see Table 1). 

Table 1. Didactic analysis of concepts on the topic of natural substances. 
Topic Important concepts 
Carbohydrates Photosynthesis, occurrence, function, composition, and significance of selected 

carbohydrates. Monosaccharides: glucose (grape sugar), fructose (fruit sugar). 
Disaccharides: sucrose (beet sugar, cane sugar, table sugar), maltose (malt sugar), 
lactose (milk sugar). Polysaccharides: cellulose (pulp), starch (vegetable starch), 
glycogen (animal starch).  

Lipids Higher saturated and unsaturated fatty acids, glycerol, fats of vegetable and animal 
origin, simple and complex lipids, solid fats and liquid oils, waxes, formation of 
fats, oils, and waxes (esterification), fat solubility, soap production.  

Proteins Peptide (peptide bond), precipitation (denaturation) of proteins, protein functions 
(construction, transport, movement, protective and defense, control and regulation, 
accelerating chemical reactions, energy sources). Representatives of proteins: 
keratin, collagen, casein, albumin, hemoglobin, immunoglobulins, hormones 
(adrenaline, insulin), enzyme (pepsin).  

3.2 Selection of a suitable online application 
Suitable freeware applications were selected for the compilation of game activities, which can be used 
in synchronous online teaching as well as in traditional full-time teaching. It has been found that there 
are two basic types of applications: 

• Applications that provide students with immediate feedback, the student has the opportunity to
immediately correct their incorrect answers, and the teacher does not receive results on the
performance of the activities. We include LearningApps, Wordwall in this group of
applications.

• Applications that provide students with automatic evaluation of closed answers. The evaluation
of tasks requiring an open answer is performed by the teacher. Feedback, including the correct
answers, is sent by the teacher. We include Wizer.me, Socrative, and Quizizz in this group of
applications.

The selection of applications took into account the offer of activities enabling short-answer items 
(cloze text, crossword, open question), true-false items (group assignment, sorting), and matching items 
(matching pairs, matching). Another selection criterion was the number of activities that can be compiled 
in the free version. The possibility of connecting the application with the Flippity application was also 
considered, which includes the Scavenger Hunt activity, in which all links to the prepared activities can 
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be inserted, linked to the motivational story, and used as a tool for preparing an online escape game. 
Although Wordwall has very attractive graphics, offers a variety of task designs for a compiled game 

activity, and allows you to collect student responses, it has been excluded due to the limited number 
of five free game activities. LearningApps, Flippity, and Wizer.me applications were selected to prepare 
for game motivational activities. The online tool LearningApps is available as a web application in several 
languages, including Czech. It allows the preparation of several types of exercises, and the link to the 
prepared exercises can be opened in any web browser. This application can be linked to the Flippity 
application to create an escape game. The only downside to LearningApps is its old-fashioned design. 
Wizer.me interactive worksheets are modern, allow you to choose from a wide range of backgrounds and 
themes, and allow you to add multimedia (video, audio, slides). However, this tool cannot be used for 
automatic self-checking. 

3.3 Preparation of game activities for testing 
A total of eight game activities were compiled in the LearningApps application, of which three are on 
the topic of carbohydrates, three on lipids, and two on proteins. Three worksheets on the same topics 
covering identical game activities were compiled in Wizer.me, with one exception: open-ended 
questions were used instead of a crossword puzzle (see Table 2, Fig. 1-4). 

Table 2. Three tools for testing game activities (1 - individually assigned tasks, 2 - escape games, and 3 - 
interactive worksheet). 

Topic 1. Separate activities in the 
LearningApps application 

2. Escape game in
LearningApps and Flippity 

3. Worksheets in
Wizer.me

Carbohydrates Matching Pairs 
Groups assignment 

Crossword The Scavenger Hunt from 
Flippity includes all links to 

activities compiled in 
LearningApps. 

Matching 
Sorting 

Open Question 
Lipids Cloze text 

Groups assignment 
Matching Pairs 

Blanks 
Sorting 

Matching 
Proteins Crossword 

Cloze text 
Open Question 

Blanks 

Figure 1. Crossword on the topic of Carbohydrates in applications, LearningApps. 
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Figure 2. Matching Pairs a) on the topic Lipids in applications LearningApps, b) on the topic Carbohydrates in 
applications Wizer.me.  

Figure 3. Cloze text a) on the topic Proteins in applications LearningApps, b) on the topic Lipids in applications 
Wizer.me. 
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Figure 4. Groups assignment a) on the topic Lipids in applications LearningApps, b) on the topic Carbohydrates 
in applications Wizer.me.  

3.4 Test preparation 
In order to verify the learning outcomes through play activities, a test was compiled, which included a 
total of 12 questions, of which four questions on the topic of carbohydrates (questions 1-4), lipids 
(questions 5-8), and protein (questions 9-12), see Table 3. The table also shows what type of game 
activity included the term, which is the answer to the given test question. 

Table 3. Test questions and the occurrence of answers in game activities. 
Test questions Short-answer 

items 
Cloze text  True-false 

items 
Matching items 

1. Which carbohydrate serves the body as a
fast source of energy? + 

2. Which carbohydrate performs a storage
function in plants? + 

3. Which disaccharide contains the sweetest
sugar, fructose? + 

Digital Technologies, Competencies and Transformation

114



4. Give a name for the complex biochemical 
process of converting inorganic substances 
(carbon dioxide and water) to glucose in the 
presence of light and the green dye 
chlorophyll.  

+        

5. What is the name of the reaction of a 
higher fatty carboxylic acid with an alcohol?    +      

6. In what solvent do we dissolve the fat?    +      
7. What are the names of unsaturated fats that 
are less cholesterol and healthy?      +    

8. What are the reaction products of fat and 
sodium hydroxide called?        +  

9. What is the name of a complex protein that 
occurs in the blood and has a transport 
function?  

+        

10. What is the name of the protein hormone 
that is produced by the adrenal medulla and 
is responsible for the body's reactions to 
stressful situations?  

+        

11. What is the name of an important 
property of proteins, which is manifested by 
heating or the action of chemicals? This 
property is the basis for the production of 
yogurt, cottage cheese, and some cheeses.  

  +  
      

12. What is the name of the bond that 
connects amino acids to the protein chain?    +      

4. Results and discussion 
After the implementation of online play activities at schools A, B, and C, the learning outcomes of the 
students were tested. From the testing results, the impact of game activities (1 - independently assigned 
tasks, 2 - escape games, and 3 - interactive worksheet) and the type of question used in the didactic game 
on the learning outcomes were analyzed. The success of answers to individual questions from the test 
was compared. A hypothesis was established and subsequently verified using the Pearson test of 
independence. 

H0: There is no significant difference between the evaluation of the test answers of individual 
groups of students. 

 
4.1 Results of testing groups of students A and C after the implementation of the game in the exposure 

phase 
Testing took place at two schools, A and C. Students at school A tested independently assigned tasks in 
the LearningApps application (class A1) and an escape game (class A2). Class A1 has a study average in 
chemistry of 2.33 (boys 3.18 and girls 1.62). They solved the test with an average gain of 4.92 points 
(boys 3.55 and girls 6.08), i.e., with an average success rate of 40.92%. Class A2 has a study average in 
chemistry of 2.08 (boys 2.54 and girls 1.55). They solved the test with an average score of 5.79 points 
(boys 5.23 and girls 6.45), i.e., with an average success rate of 48.26%. The results of testing show that 
they are influenced by the study's average of students. 

Figure 5 shows that the students dealt with the most successful issues on the topic of carbohydrates. 
With the lowest success rate (< 50%), the students solved questions 11, 8, 10, 5, 3, and 7. Of the six 
questions solved with the lowest success rate, three were on the topic of lipids (5, 7, 8), two on the topic 
of protein (10, 11), and one on carbohydrates (3). In terms of the questions used in the didactic game, it 
is clear that students have difficulty reading with comprehension and subsequent completion of the text. 
They err in answers incorporating concepts they have learned in the cloze text activity (11, 5). A 
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statistically significant difference at the level of significance (p<0.05) was demonstrated between 
students of groups A1 and A2 for questions 3, 5, and 12. 

Figure 5. Success in solving test questions by A school students. 

School C students tested independently assigned tasks in LearningApps (class C1) and an interactive 
worksheet in Wizer.me (class C3). Class C1 has a study average in chemistry of 1.82 (boys 1.82 and 
girls 1.83). They solved the test with an average gain of 5.71 points (boys 5.82 and girls 5.50), i.e., with 
an average success rate of 47.55%. Class C3 has a study average in chemistry of 1.82 (boys 1.89 and 
girls 1.75). They solved the test with an average score of 4.06 (boys 4.44 and girls 3.63), i.e., with an 
average success rate of 33.82%. The test results show that the results are affected by the type of 
application used. Students taught by the same teacher, with the same study average, are more successful 
in solving game activities from the LearningApps application, which provides immediate feedback. 
Using this application in the exposure phase is more efficient than using interactive worksheets. In the 
free version of the Wizer.me application, an access code for the worksheet was generated for each 
student, followed by sending the generated codes for three worksheets (Carbohydrates, Lipids, and 
Proteins) to the student’s email. Then the students solved the worksheets. For some worksheet tasks, the 
students automatically received immediate feedback in the form of points for correct answers. The 
remaining tasks (answers to open questions, cloze text, and correct answers to all activities) are sent by 
the teacher after evaluation. 

Figure 6 shows that the students dealt with the most successful issues on the topic of carbohydrates. 
With the lowest success rate (< 50%), the students solved questions 3, 11, 12, 5, 6, 2, and 8. Of the seven 
questions solved with the lowest success rate, three were on the topic of lipids (5, 6, 8), two on the topic 
of protein (11, 12), and two on carbohydrates (2, 3). In terms of the questions used in the didactic game, it 
is clear that students have difficulty reading with comprehension and subsequent completion of the text. 
They err in answers incorporating concepts they have learned in the cloze text activity (11, 5). 

It is evident from Fig. 6 that students C1 and C3 had the biggest problem in solving questions 3 and 
11. Question 3 is not just about reproducing knowledge; it requires simple thought operations. The
student must list all the disaccharides they know and then identify their ingredients.  As was the case
with school A, students have difficulty reading with comprehension and then completing the text.
Understanding the meaning of the text and finding the right answer is difficult for students (Ema, 2019).
Students make mistakes in the concepts they have learned in the game activity cloze text (11, 12, 5, 6).
In questions 9 and 10, C3 students are less successful, answering the questions in the worksheet with a
short answer. At the same time, C1 students complete the terms in the crossword puzzle. It has been shown
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(Pearson, 2020) that this self-learning tool allows students to easily identify gaps in understanding 
concepts and make learning more fun. Based on our research, we believe that activities providing 
immediate feedback in the form of formative assessment are more appropriate to include in the exposure 
phase of teaching. A statistically significant difference at the level of significance (p<0.05) was 
demonstrated between students of groups C1 and C3 for questions 2, 4, 8, and 9. Significant residuals 
(deviations) were found here, which show that there are many C1 students who answered the 2nd 
question correctly, and at the same time, few C3 students who answered the 2nd question correctly. 
Furthermore, there are many C1 students who answered the 8th question correctly, and at the same time, 
a few C3 students who answered the 8th question correctly. 

The use of the LearningApps application with the provision of immediate feedback in the crossword 
and matching activity positively affects the test results for questions (2, 8, and  9). 

 

 
Figure 6. Success in solving test questions by C school students. 

4.2 Results of testing of groups of B students after the implementation of the game in the fixation phase 
Testing took place in school B in two classes, students of this school tested independently assigned tasks 
in the LearningApps and Flippity escape game (class B2) and an interactive worksheet in the Wizer.me 
application (class B3). Class B2 has a study average in chemistry of 2.04 (boys 2.25 and girls 1.67). They 
solved the test with an average gain of 8.52 points (boys 7.75 and girls 9.89), i.e., with an average 
success rate of 71%. Class B3 has a study average in chemistry of 2.05 (boys 1.75 and girls 2.27). They 
solved the test with an average score of 7.00 (boys 8.25 and girls 6.09), i.e., with an average success rate 
of 58.33%. The results of testing show that they are influenced by the study average of students and the 
type of application used. Students taught by the same teacher, with the same grade point average, pass 
the test more successfully because they consolidated the concepts through learning activities with 
LearningApps, which provides instant feedback. 

It is evident from Figure 7 that the students dealt with the issues on the topic of lipids with the greatest 
success. Students (B2 and B3) solved questions 2 and 11 with the lowest average success rate (< 50%). 
Students B3 solved five questions with a success rate of less than 50%, of which three questions were 
true-false decision-making activities from the worksheet (2, 1, 7), one for the text (5), and one for the short 
answer (9). Question 2: "Which carbohydrate has a storage function in plants?" The common answer 
was polysaccharide or cellulose. This question was thus formulated intentionally with the possibility of 
a divergent starch or sucrose answer. The true-false activity for the carbohydrates topic includes 21 items 
that need to be categorized into six groups. Because Wizer.me does not provide students with immediate 
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feedback with the correct answers to questions, it would be more appropriate to divide the activity to 
sort properties and use carbohydrates into three separate activities. Based on our research, we believe 
that it is more appropriate to include activities compiled in the LearningApps application and in the 
fixation phase. Links to activities compiled in LearningApps stored in the Scavenger Hunt application 
of Flippity make it easier for students to control their game activities. This escape game has a greater 
motivational charge. A statistically significant difference was found between students of groups B2 and 
B3 for questions 1, 2, and 10 (p < 0.05). 

Figure 7. Success in solving test questions by B school students. 

5. Conclusion
The analysis of the research has shown that it is more appropriate to introduce online applications into
teaching, which provide students with immediate feedback and allow students to work with their own
mistakes. Separate activities of the LearningApps application and connected these activities into an
escape game are suitable for implementation in the exposure and fixation phase of teaching. In order to
streamline the learning process, it is appropriate to divide activities involving a large number of concepts
into several sub-activities. For students in the 9th grade of elementary school, it would be appropriate to
include various activities so that playing games does not become boring and stereotypical. We recommend
enriching your game activities with Multiple-Choice Quiz, Guess the word or The Millionaire Game.
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Abstract. There is an analysis of the e-platform based on the Genexis platform in three 
countries that have been in demand during the continuous distance learning obstacles in 2020 
and 2021. On the example of teaching chemistry concentrated on solving calculation tasks in a 
basic school in Latvia and Ukraine, the peculiarities of changing the teaching load of students 
are revealed. It is shown that the mass transition of students to e-learning in a short time does 
not lead to a deterioration (in the formal indicators) of their level of training. 

1. Introduction
In the context of the sudden changes that occurred in the spring of 2020 due to the forced transition of
many schools to remote learning, the need to find and apply tools that could ensure the successful
implementation of distance learning came to the fore. One of the ways to implement distance learning
is to teach students using various electronic platforms.

Since a unified approach to the choice of such a platform for the implementation of the learning 
process in conditions of remote access, for many reasons, has not been developed even within each 
individual state, and is hardly possible, then an attempt to make a comparative analysis of how 
effective the decisions made in conditions of an emergency situation like lockdowns. 

In 2008, Data Pro Group Ltd. (Latvia) launched a research project "Computer system for 
generating and evaluating exercises for subjects of mathematics, physics, and chemistry - GenExis". 
The system is based on a randomiser and calculator that allows for generating a lot of versions of the 
same task with different conditions for calculation tasks. The research methodology was developed at 
Daugavpils University (Latvia), and 21 organizations from Great Britain, Latvia, Lithuania, Slovakia, 
and Estonia participated in the development and testing of materials for the electronic distance learning 
platform being created. 

The development of the details of the project was based on the results of research that 
demonstrated an urgent need for tools and methods that could increase the motivation and interest of 
students in science and mathematics, as well as improve their performance through the use of the 
GenExis e-learning platform in the educational process (Nikitin et al., 2011). 

Currently, e-learning portals have been created and are already operating on this platform in such 
countries as Armenia, Austria, India, Latvia, Ukraine, and Finland. Initially, the GenExis platform 
was used to create content and teach subjects in the natural sciences and mathematics; now it is used 
to teach all subjects included in the curriculum of various educational institutions using the 
capabilities of this program.   
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The study of the data accumulated during the period of the mass transition of schools to distance 
education makes it possible, using the example of the GenExis computer program, to clarify the 
possibilities of using electronic educational platforms, as well as the features of using such platforms 
in conditions of their increased demand. 

2. Materials and methods
A portal with materials for implementing e-learning opportunities based on the GenExis platform was
created in Latvia (www.uzdevumi.lv) in 2009 initially (Gorskis & Nikitins, 2010) and in 2013 in
Ukraine (www.miyklas.com.ua). Tasks on the topics offered here are randomly retrieved from the
database, which can significantly increase the efficiency of the learning process and avoid mechanical
memorization of educational material.

Each of the developed tasks is supplied with an auxiliary comment in the form of solution steps, 
which may or may not be visible to the student. Therefore, the material posted on the portal can be 
used both for learning by doing, and for self-control or control of the knowledge and skills of an 
individual student or a group of students, for example, a whole class, and in all cases each student 
receives his own set of tasks, different from a similar set of other students generated by GenExis 
platform. 

In addition, both sections of the theory and training tasks obviously contain excess material 
(tasks and theories) in order to meet the needs of advanced students, too. Tasks for each topic of the 
section are arranged in order of increasing complexity, so the student using the simulator has the 
opportunity to choose his own educational trajectory, try to solve tasks and receive support 
corresponding to his own level of mastering the educational material at this stage. The results of the 
progress of each student in the study of the material of the subject are stored on the server, and besides 
the student himself, parents and the subject teacher have access to them (Gorskis, 2012). 

On each of these portals, the content of the materials meets the relevant state standards and 
approved programs, so for a number of subjects it is very different, however, in the content of some 
subjects, there is a significant similarity. One of these subjects is the basic school chemistry course, 
which provides for the study of initial chemical concepts, the variety of chemicals and chemical 
reactions, the structure of the atom and the periodic law, the simplest calculations related to the 
amount of substance, mass fractions, calculations using the equations of chemical reactions, etc. 
Therefore, for a comparative analysis of how education process been changed by COVID-19 pandemic 
and nature of the use of materials offered by e-learning portals created on the basis of the GenExis 
platform, the accumulated statistical data related to the teaching of chemistry concentrated on solving 
calculation tasks in the basic school (class 7 to 9) of the above three selected countries were collected 
in 2019, 2020 and 2021. 

3. Results and discussion
Portals created on the basis of the GenExis platform and containing materials from a basic school
chemistry course were used by 330,025 students in Latvia and 145,157 students in Ukraine each
month in 2019.  Due to very large differences in the total number of inhabitants and for some other
reasons the number of users of training portals varies greatly in different countries when analyzing, we
will pay attention not to absolute indicators, but to the dynamics of their change compared to the 2020
and 2021 years. This will make it possible to draw general conclusions concerning all the above-
mentioned countries.

Firstly, it should be noted the high growth of all indicators regarding the number of users of such 
portals and the intensity of their use. The large differences in the change in the number of users 
(Figure 1) are explained by the fact that Latvia was the first country where the introduction of e-
learning began and by the 2020 year, students in most schools had already used the materials posted on 
the Uzdevumi.lv web portal. The materials of the e-learning portal were intensively used by students 
in preparation for tests, as well as by high school students in preparation for exams. 
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Figure 1. Number of schoolchildren using educational portals created on the platform of the GenExis program 
(in%) 2020 compared to 2019 (1 - in Latvia, 2 - in Ukraine). 

The growth in the number of users by 76% in Latvia in 2020 is explained by the fact that in the 
absence of alternative electronic platforms for remote learning and for improving acquired skills and 
abilities, when switching to remote learning, schools and individual students studying chemistry were 
are forced to connect to the portal "Udevumi.lv" almost without exception and now number of 
registered pupils is close to the number of pupils in whole country. 

As for Ukraine, the explosive grow of 312% in 2020 can be explained as, firstly, before the 
sudden onset of a period of forced transition to distance learning, insufficient attention was paid to this 
area, and that, secondly, when such a period came, due to the first reason turned out to be that there are 
practically no alternatives. Both countries’ growth stopped after the first year of lockdowns which 
means user base peaking, there is only 1% grow during year 2021. 

The second parameter, which may indicate how responsibly the schoolchildren reacted to self-
training in calculation tasks in chemistry at a distance, is how successfully the schoolchildren completed 
the tasks posted on the portal. Statistical data (Figure 2) indicate that in the conditions of a forced 
transition to remote learning, the students in their mass showed better results in 2020 and came down 
in Latvia and Ukraine in 2021. 

Figure 2. Change in successful attempts to complete a task (in %) in 2021, 2020 compared to the 2019 (1 - by 
users in Latvia, 2 - in Ukraine).  

Another characteristic indicator is the number of tests assigned by teachers. In most cases, the 
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volume of Homework has increased by 2,5-3,5 times in 2020 but decreased in Ukraine in 2021. This 
may indicate that teachers in Ukraine who use this electronic platform for teaching have changed their 
approach for test distribution after the first hard year of a lot of distance learning. 

It should be noted that in the context of the forced limitation of face-to-face methodological 
support from teachers, the time spent by a student on one calculation task increased in 2020 in Latvia 
but decreased in Ukraine (Figure 3). 

Figure 3. Change in the average amount of time (in minutes) spent by a schoolchild on completing one task in 
2020, 2021 compared to the 2019 (1 - users in Latvia, 2 - in Ukraine). 

If in 2019 the differences in the amount of time spent on completing one task can be explained by 
the differing average level of complexity of tasks posted on web portals of different countries, then a 
significant increase in this indicator in 2020 and 2021 in Latvia and is largely due to the unavailability 
provide methodological support to schoolchildren in the context of distance learning. Therefore, a lot 
of new users in Ukraine changed these statistics down in 2020 and started to increase in 2021. 

In the conditions of a forced mass transition to distance learning, teachers in all countries began to 
use portals created on the basis of the GenExis platform much more intensively to organize the 
assessment of schoolchildren. The growth in the number of tests offered to students is shown in Figure 
4. 

Figure 4. Growth in the number of tests (in %) in chemistry in basic school classes conducted on the basis of the 
GenExis electronic platform in 2020 and 2021, compared to 2019 (1 - users in Latvia, 2 - in Ukraine). 
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The final indicator of portals’ effectiveness is the average success rate of tests containing 
calculation tasks (Figure 5). 

Figure 5. The average success rate (in % of the maximum possible number of points) of the test on portals 
created using the GenExis electronic platform, conducted in 2020 and 2021, compared to 2019 (1 - users in 
Latvia, 2 - in Ukraine). 

It makes it possible to judge how effective the portals created on the basis of the GenExis platform 
turned out to be an effective tool for organizing e-learning processes trusted by each country's 
pedagogical society. 

It is obvious that in all countries, despite the previously noted (significant in some indicators) 
differences, the final indicators of mastering the sections of the basic school chemistry course material 
by schoolchildren in 2020 and 2021 grew up and now stay stable compared to 2019. 

4. Conclusion
A preliminary analysis of the results of the process of teaching chemistry in the basic school,
implemented against the backdrop of a forced transition to distance learning, showed a sharp surge in
the intensity of access to the electronic platform during 2020 and 2021. Even through this transition
occurred largely spontaneously, without careful preliminary training of a large number of teachers, in
the end, during few last years did not lead to a decrease in the formal indicators (such as successful
attempts to complete a task and average success rate to complete tasks) of the level of training of
schoolchildren. This happened because e-learning technology meets modern trends in education,
provides process flexibility, free access to educational materials, and the opportunity to receive
methodological support at a convenient time for the student.

For a number of reasons, e-learning cannot completely replace other approaches to organizing the 
educational process. However, the opportunities that were identified in the situation of a mass 
transition to distance learning, as well as the changes identified in the practical activities of teachers 
and schoolchildren (for example, an increase in the number of tests, the amount of time spent by a 
student at the monitor, etc.) should be taken into account in the future when developing advanced 
learning technologies. 
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