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DIGITALIS KORNYEZETEK
A LLEENDO MATEMATIKA- ES INFORMATIKA TANAROK KEPZESEBEN
A digitélis technol(’)giék egyre fontosabb szerepet toltenek be a matematika és az

informatika oktatasaban. A tanulmany a digitalis kérnyezetek alkalmazasi lehetGségeit

vizsgalja e tantargyakban, valamint pedagdgiai jelentéségiiket a leendd tanarok kép-
zésében. Az elemzés ramutat, hogy a digitalis eszk6z6k megfelel6 didaktikai integracidja

tamogatja az aktiv és reflektiv tanulast, valamint hozzdjarul a problémamegoldd

gondolkodas és a pedagdgiai kompetenciak fejlédéséhez.

Kulcsszavak: digitalis technolégiak, matematikaoktatas, informatikaoktatds, tanar-

képzés

Diszciplina: pedagogia
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Abstract

Digital technologies are becoming an integral part of contemporary educational

environments, and their importance is gradually increasing in mathematics and

informatics education as well. This paper aims to analyse the possibilities of using digital

environments in these subjects and to highlight their pedagogical potential in the

education of future teachers.

Keywords: digital technologies, mathematics education, informatics education, teacher

education
Discipline: pedagogy

Digital technologies have become an
integral part of the educational process at
all levels of education. In the education of
future teachers, digital environments play
an important role not only as tools for
delivering content but also as the means
for developing pedagogical, didactic, and
technological competencies. Teacher edu-
should

students to experience digital environ-

cation at universities enable
ments not only from the perspective of
users but also from the perspective of
future creators and evaluators of digital
learning materials (Bocconi et al., 2016;
Psenakova, 2018).

This paper aims to analyse the role of
digital environments in mathematics and
informatics education and to highlight
their importance in the education of future
teachers, particularly about supporting
active learning, problem solving, and
reflection on the learning process.

Based on our pedagogical experience, it
can be observed that the use of digital
environments in the education of
mathematics and informatics teachers has
While in

its specific characteristics.

mathematics digital environments are
often used for the visualization of abstract
concepts, supporting problem solving and
providing feedback, in informatics they are
naturally associated with algorithmic
thinking, simulation, and the creation of
digital artefacts. Despite these differences,
several common didactic principles can be
identified, such as an emphasis on student
activity, systematic work with tasks, and
reflection on the learning process (see:
Pokorny, 2015).

Our pedagogical experience also in-
dicates that digital environments provide
the greatest benefits when they are
integrated into teaching based on carefully
designed didactic strategies. The use of
digital tools without a clear pedagogical
purpose leads only to a formal change in
the organisation of teaching without a
significant impact on the quality of
learning. This conclusion corresponds
with research findings that emphasize the
need for methodological grounding of
digital environments in teacher education
(Pokorny, 2013; Psendkova, 2021).
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Defining the Concept of

a Digital Environment

in the Context of Teacher Education

The concept of a digital environment is used
in scholarly literature in various ways, and
its interpretation depends on the context
in which it is applied. In a broader sense, a
digital environment is often understood as
a set of digital technologies, tools, and
platforms that mediate educational con-
tent and support communication, inter-
action, and learning. In a pedagogical con-
text, however, it does not refer only to
technical infrastructure but primarily to a
didactically designed space in which
educational activities are carried out about
learning objectives, content, and the needs
of learners.

In the education of future teachers, the
concept of a digital environment acquires
a particular significance. Future teachers
do not act in digital environments only as
pupils or students, but also as potential
creators, evaluators, and facilitators of
digitally Several
studies indicate that the quality of students’

supported

learning.
experience with digital environments
during their university studies significantly
influences their later attitudes towards the
use of technologies in pedagogical practice
(Bocconi et al., 2016).

From a didactic perspective, it is there-
fore necessary to distinguish between the
simple use of digital tools and the purpose-
ful integration of digital environments into
teaching. As Pokorny (2015) points out,
the presence of digital technologies in
teaching does not in itself guarantee higher

quality or effectiveness. The decisive
factor is the way in which these techno-
logies are integrated into teaching, what
types of tasks they support, what level of
activity and reflection they require from
students.

Based on our pedagogical experience
and an analysis of relevant literature, this
paper understands a digital environment in
the education of future mathematics and
informatics teachers as a comprehensive
learning space that includes a didactically
designed set of digital tools, platforms, and
learning materials supporting learning,
interaction, and reflection.

A digital environment defined in this
way includes not only learning manage-
ment systems (e.g. LMS), but also inter-
active learning materials, visualization
tools, simulations, and other digital re-
sources that enable students to work
actively with content. An important
component of a digital environment is also
feedback, whether in the

automated assessment, interaction with

form of

the teacher, or discussions among
students.

From the perspective of mathematics
and informatics, digital environments can
be seen as spaces that make it possible to
connect abstract concepts with concrete
representations and  procedures. In
mathematics, digital environments are
often used to visualize relationships,
support problem solving, and verify
procedures, while in informatics they
enable the simulation of algorithms, work

with data, and the creation of digital
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artefacts. However, digital environments
in both disciplines share a common goal -
to support systematic and active learning
(Pokorny, 2013; Psenakova, 2018).

Digital Environments

in Mathematics

and Informatics Education

In the context of mathematics and
informatics education, digital environ-
ments can be understood as a broad
spectrum of tools and platforms that differ
in their functions, levels of interactivity,
and didactic orientation. Their aim is not
to replace traditional teaching but to
expand the possibilities for working with
subject matter and to support the active
engagement of students in the learning
process.

The use of digital environments in
mathematics and informatics education is
currently the subject of extensive scholarly
discussion. Many authors agree that digital
environments have the potential to sup-
portt active learning, individualisation, and
the development of higher cognitive
processes; however, their pedagogical
benefits are not automatic and depend on
the way they are implemented in teaching
(Bocconi et al., 2016; Kirkwood & Price,
2014). this i

important to analyse not only the techno-

From petspective, it is
logical possibilities of digital environments
but, above all, their didactic functions
within specific subjects.

Digital environments can serve various

roles in education — ranging from the
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visualisation and presentation of subject

matter, through supporting problem
solving, to creating environments for
experimentation and the development of
students’ own solutions. A specific group
is represented by learning management
systems (LMS), which enable the organi-
sation of course content, assignment of
tasks, communication among participants
in the educational process, and the
provision of feedback. In the preparation
of future teachers, these environments are
also important for the development of
pedagogical and organisational compe-
tencies, as students learn the principles of
planning and managing teaching in digital
environments (Bocconi et al., 20106).

the

functions of digital environments differ

However, specific forms and
depending on the nature of subjects.
Universal solutions do not exist; what is
essential is that digital environments sup-
port students’ active work, enable feed-
back, and create opportunities for reflect-
ion on learning in both mathematical and

informatics contexts.

Digital Environments

in Mathematics Education

In mathematics education, digital en-
vironments are often associated with
supporting the understanding of abstract
concepts through visualisation, dynamic
representations, and interactive tasks.

Through digital

manipulate and experiment with mathe-

tools, students can

matical objects, modify parameters, and
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observe the consequences of these
changes, which can contribute to a deeper
conceptual understanding of the subject
matter (Hoyles & Lagrange, 2010; Drijvers
et al,, 2010).

At the same time, several authors point
out that digital tools may also lead to
superficial learning if they are used merely
to demonstrate completed solutions with-
out actively engaging students in the
process of problem solving (Kieran et al.,
2014). In this context, the importance of
tasks that encourage students to formulate
their own strategies, verify solutions, and
reflect on the problem-solving process is
emphasised.

In pedagogical practice, various digital
environments are used for this purpose,
such as tools for creating interactive tasks
and providing feedback (e.g. Kahoot,
environments

Quizizz), or enabling

dynamic work with mathematical re-
(e.g. GeoGebra). These
environments allow students to engage

presentations

actively with the content and provide
immediate feedback, which is particularly
important in the process of solving tasks.
Based on pedagogical experience, it ap-
pears that digital environments in mathe-
matics are most beneficial when they are
not used solely for the assessment of
knowledge but rather when they support
discussion about solution strategies and
enable the comparison of different ap-
proaches to solving problems. Such use of
digital environments corresponds with the
who

recommendations of authors

emphasise the need to connect techno-

logical tools with the didactic objectives of
mathematics education (see: Hoyles &
Lagrange, 2010; Pokorny, 2015).

Digital Environments

in Informatics Education

In informatics education, digital envi-
ronments represent a natural component
of teaching, as the content of the subject
itself is closely connected with working in
digital environments. Digital tools enable
students to design, test, and analyse
solutions to problems, thereby supporting
the development of algorithmic and
problem-solving thinking.

Effective digital environments in
informatics should provide space not only
for creating functional solutions but also
for reflecting on the process, identifying
errors, and optimising procedures. This
reflective dimension of work is considered
crucial for the development of a deeper
understanding of informatics concepts
(Denning, 2017).

In pedagogical practice, various environ-
ments that support creation and experi-
mentation are used, such as visual
programming environments (e.g. Scratch)
or online simulators and development
environments (e.g. Tinkercad, replit).
These environments provide opportuni-
ties for iterative problem solving, working
with errors, and continuous reflection on
the solution process.

However, in informatics education as
well, the pedagogical benefits of digital

environments depend on the way they are
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integrated into teaching. The use of digital
tools alone, without a clear didactic
intention, does not automatically lead to a
deeper understanding of the subject matter
(Kirkwood & Price, 2014). Digital
environments are most beneficial when
students are guided not only towards
obtaining the “correct result” but also
towards analysing the chosen approach
and its didactic implications, which is
particularly important in the preparation of
future informatics teachers.

Common Features and Differences
in Approaches

to Digital Environments

Despite the specific characteristics of
and several

mathematics informatics,

common didactic principles can be
identified in approaches to digital environ-
ments. Many authors emphasise the
importance of active student engagement,
working with tasks that support problem
solving, and providing feedback that leads
to reflection on learning (Kirkwood &
Price, 2014; Bocconi et al., 2010).

The

disciplines are reflected mainly in the types

differences between the two
of activities that digital environments
support. While in mathematics the focus is
primarily on supporting the understanding
of abstract relationships and problem-
solving strategies, in informatics the
emphasis is placed on the process of
designing, testing, and refining solutions.

Nevertheless, digital environments in both

disciplines fulfil a similar role — they create
conditions for systematic, active, and
reflective  learning  (Pokorny, 2013;

Psenakova, 2018).

The Use of Digital Environments

in the Education of Future

Mathematics and Informatics

Teachers

Digital environments also play a signifi-
cant role in the education of future
teachers, as students in teacher education
programmes do not act in digital environ-
ments only as learners, but also as future
creators and organisers of digitally sup-
ported teaching. Higher education there-
fore represents an important space for
gaining experience with different types of
digital tools and for developing the ability
to critically evaluate their didactic
potential.

In the pedagogical preparation of future
mathematics and informatics teachets,
digital environments are primarily used to
support students’ active engagement with
the content, the solving of problem-based
tasks, and reflection on their own
procedures. In this way, students become
familiar not only with the subject matter
itself, but also with ways in which digital
tools can be effectively integrated into the
teaching of subjects. Examples of such
digital environments used in the pre-
paration of future teachers are illustrated in

Figure 1.
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Digital Environments

in the Teaching of Mathematics

to Future Teachers

In mathematics teaching, digital environ-
ments are primarily used to support the
visualisation of mathematical relationships
and experimentation with mathematical
objects. Students can work with dynamic
representations, modify parameters, and
observe the consequences of these
changes, which supports a deeper under-
standing of mathematical concepts.

In addition to visualisation tools, digital
environments that enable task assignment
and immediate feedback are also used in
teaching. Such environments can support

student activity during lessons while

simultaneously providing teachers with an
overview of the level of students’ under-
standing of the subject matter. However,
an important aspect of their use is that
digital tools should not serve only for the
assessment of knowledge but should also
support discussion about solution strategi-
es and reflection on problem-solving pro-
cesses.

As an illustration of the use of digital
environments in the teaching of future
mathematics teachers, one may consider
the use of dynamic geometry software (e.g.
GeoGebra, Cabti Geometry, Desmos
Geometry, Cinderella, or CaR.). It is
important that future mathematics teach-

ers do not use these tools merely as a more

Figure 1: Examples of digital environments supporting learning in mathematics and infor-matics

(dynamic geometry software, function visualization, and block-based programming). (Source: Authors’

elaboration; visnaligation generated with the assistance of the generative Al tool ChatGPT.)

Dynamic geometry

GeoGebra

Function visualization
GeoGebra

W

Block-based programming
Scratch
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precise and convenient substitute for
drawing on the board, but that they learn
to construct geometric objects, modify
their properties, and manipulate them
dynamically.

The essence of working with these tools
lies in the use of dynamic elements that
allow students to discover mathematical
relationships in an active and exploratory
manner. For example, using the Trace tool
in the GeoGebra environment, students
can investigate the set of all points in the
plane from which a given segment AB is
scen under an angle of 70° After
the segment B
dynamically changing the angle using a

constructing and

slider, a set of points is generated whose

shape students can observe and analyse. In
this way, they can formulate hypotheses
about the properties of geometric objects,
which they subsequently verify or prove
The

process of discovering geometric pro-

using mathematical arguments.
perties through dynamic manipulation in
the GeoGebra environment is illustrated
in Figure 2.

Solving similar tasks leads students to
understand that digital tools are parti-
cularly valuable when they support the
exploratory nature of learning. Through
dynamic manipulation, students can, for
example, investigate the triangle inequality
or the relationship between the distance of
the centers of two citcles, their radii, and

Figure 2. Schematic illustration of discovering geometric properties in the GeoGebra environment.

(Source: Authors’ elaboration; visnalization generated with the assistance of the generative Al tool

ChatGPT,)
' GeoGebra GeaGebra
R
Angle a = 50"
®*

_/N”‘v-\-
/Poinls from which segment
AB is seen under a 70° angle

form a circular arc.

M\
\_

CeoGebra

s
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the number of their intersection points.
When solving construction problems, they
can also analyse how the choice of given
elements influences the number of pos-
sible solutions.

Digital environments are also used when
exploring the properties of functions.
Using sliders that allow them to modify
parameter values, students can analyse the
relationships between the graphs of

functions f{x) and f{x)+a, f(x) and f{x+a),
5 and i), f5) and afsd, o fix) and
flax). In this process, students formulate
hypotheses, subsequently verify them, and
discuss their validity.

The importance of digital environments
is also evident when solving stereometric
problems, where they enable dynamic
manipulation of spatial objects and an easy
change of perspective on a construction,
which is often very difficult to achieve
when drawing on a board or paper using
traditional methods.

As another illustration of the use of
digital environments in the teaching of
future teachers, one may consider our own
interactive applications implemented in
the LMS Moodle environment. In the
course Combinatorics and Data Handling, in
addition to video lectures and textual
learning materials, interactive applications
designed for practicing the solution of
combinatorial problems are also available.
For example, students are required to find
all possible solutions to a specific problem
(e.g. all possible ways in which the sum of
13 can appear when three different dice are
rolled).

Within these applications, students ex-
periment, actively search for solutions, and
gradually correct their previous mistakes
based on the feedback provided by the
application. Such an environment sup-
ports active learning and enables students
to acquire new knowledge through their
own activity.

Digital environments also play an
important role in the assessment of
students’” knowledge. The experience with
online testing gained during university
studies can later be used by future teachers
in their pedagogical practice, for example
when implementing distance learning or
conducting online examinations. The
COVID-19 pandemic showed that many
teachers were not sufficiently prepared for
this form of teaching, partly because they
had not encountered it during their own
studies.

An example is the examination from the
course Combinatorics and Data Handling
(Pokorny, 2026), which was conducted in
the Moodle environment. The test was
automatically generated from a large data-
base of questions, minimizing the probabi-
lity that two students would receive the
same test. At the same time, students were
connected via Microsoft Teams with their
cameras turned on during the entire testing
period, allowing the instructor to monitor
the course of the examination. A statistical
comparison of the results of students who
completed the test online and those who
took it in person did not reveal a signifi-
cant difference in performance, suggesting
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that this form of assessment can largely
eliminate opportunities for cheating.

For future teachers, it is important to
gain experience with such forms of as-
sessment, as they can serve as inspiration

for their future pedagogical practice.

Digital Environments

in the Teaching of Informatics

to Future Teachers

In informatics education, digital envi-
ronments occupy a specific position, as the
very nature of the subject is closely
connected with working in digital environ-
ments. Students use environments that
enable the design of algorithms, program
development, or the simulation of techni-
cal solutions, thereby acquiring not only
technical skills but also the ability to
analyse and optimise solution procedures.

Such environments allow students to
experiment with different circuit con-
figurations without the need for physical
hardware while immediately observing the
consequences of their solutions. Students
design solutions, test their functionality,
identify errors, and gradually modify and
optimise their solutions. This iterative
process supports the development of algo-
rithmic thinking while also enabling the
connection between theoretical knowledge
and practical application and leading
students to reflect on their own problem-
solving procedures.

As an illustration of the use of digital
environments in the teaching of future

110

informatics teachers, one may consider the
use of the online simulation environment
Tinkercad, which enables the design and
simulation of electronic circuits and the
programming of Arduino microcontrol-
lers. Within a course focused on the
practical applications of microcontrollers,
students work in this environment with
virtual models of electronic components
and microcontrollers, which they can
connect into circuits, test, modify, and
simulate directly within the environment
without the need for immediate work with
physical hardware. Such an environment
enables experimentation and provides a
safe space for identifying and correcting
errors before implementing the solution in
a real circuit.

During practical exercises, students, for
example, design a simple circuit to light a
light-emitting diode (LED) using an
Arduino microcontroller, employing a
breadboard, a resistor, and basic program
code controlling the behaviour of an
output pin. The Tinkercad environment
allows students first to simulate the circuit
and verify the functionality of the program
before transferring the solution to a real
device.

The didactic procedure followed by
students—from designing a solution in the
simulation environment to implementing
it in real hardware—is illustrated in Figure
3. Students first design the circuit and
program in the simulation environment,
where they can test and modify the
solution. After verifying the functionality
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Figure 3: The process of students’ work when solving tasks with microcontrollers using a simmulation

environment. (Source: Authors’ elaboration; visnalization generated with the assistance of the generative

Al tool ChatGPT.)

Design of circuit
in simulation software

Y

through simulation, the same circuit can be
implemented using real hardware, i.e.an
Arduino microcontroller and electronic
components.

Such a procedure supports the iterative
nature of problem solving, in which
students gradually design the electronic
circuit in a simulation environment, where
they modify it, test its functionality,
identify errors, and adjust the program or
the circuit configuration. Only after veri-
fying the functionality through simulation
is the solution implemented in real
Arduino hardware, which significantly
reduces the risk of damaging the hardware,
which may be financially demanding.

In the pedagogical preparation of future
teachers, the use of simulation environ-
ments has an additional benefit - students
gain experience with tools that they may
later use in their own teaching practice

Simulation and testing *
of program

2

U

Implementation
on real Arduino

when explaining the principles of micro-
controller operation or when implement-

ing project-based learning.

Pedagogical Benefits

of Digital Environments

in Teacher Education

Based on pedagogical experience, it can
be concluded that digital environments
have significant potential in the pre-
paration of future teachers, particulatly in
three areas: supporting active learning,
developing problem-solving thinking, and
creating space for reflection on one’s own
learning. At the same time, their effective-
ness depends on the way they are
integrated into teaching and on the
didactic intentions with which they are
used.
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For future teachers, it is important not
only to acquire skills in working with
specific digital tools, but above all to
understand how these tools can support
students’ learning in mathematics and

informatics.
Conclusion
Digital environments represent an
important component of the con-

temporary educational landscape, and their
significance is gradually increasing in both
mathematics and informatics education.
As shown by the analysis of the relevant
literature and the pedagogical experience
of the authors, digital tools have the
potential to support active learning,
experimentation, and reflection on prob-
lem-solving processes. However, their
presence in teaching does not auto-
matically guarantee a higher quality of
education. The decisive factor is the way in
which digital environments are didactically
integrated into teaching and the types of
learning activities they support.

A comparison of the use of digital
environments in mathematics and infor-
matics shows that although these dis-
ciplines have different characteristics,
digital tools fulfil a similar pedagogical
function in both. In mathematics, they
primarily support visualization and the
understanding of abstract concepts, while
in informatics they create space for de-
signing, testing, and iteratively improving
solutions. In both cases, however, digital
environments contribute to the develop-

ment of active and reflective learning.

The use of digital environments is parti-
cularly important in the preparation of
future teachers. Students in teacher edu-
cation programmes should acquire not
only technical skills in working with digital
tools but also the ability to critically
evaluate their didactic potential and
integrate them appropriately into teaching.
From this perspective, it is important that
digital environments in teacher education
are not used merely as technological
support for instruction, but as a means of
developing pedagogical thinking and
reflection on one’s own teaching practice.

The findings suggest that further re-
search could focus particulatly on
analysing specific ways of integrating
digital environments into the teaching of
mathematics and informatics and on
examining their impact on the develop-
ment of the professional competences of

future teachers.
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