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Abstract — Visualization and simulation techniques are increasingly used in computer science and
teaching programming to help students gain a deeper understanding and develop their problem-solving
skills. Learning the basics of programming is often difficult for novice students, especially when it comes
to understanding abstract concepts such as algorithms, data structures, and control structures. The use of
visual tools and interactive simulations provides an opportunity to put theoretical knowledge into
practice, thereby reducing cognitive load and increasing motivation.

The study presents the benefits of using visualization and simulation methods in teaching programming,
with a particular focus on algorithm visualization, block-based programming environments, and
simulation models. During the research, we analyzed various tools and platforms that can help students
learn the fundamentals of programming more easily. The results show that visual learning strategies
contribute to the development of problem-solving skills and the practical application of theoretical
knowledge. The study aims to provide guidance for programming educators on how to effectively
incorporate modern technologies into the educational process.
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I. INTRODUCTION

Teaching programming is a fundamental pillar of computer science education, essential for developing
students’ algorithmic thinking and acquiring digital competences. However, learning and teaching
programming comes with many challenges, especially for beginners. Understanding abstract concepts
such as algorithms, data structures, and control structures can be difficult, often leading to frustration and
loss of motivation [1].

Visualization and simulation are pedagogical tools that can significantly facilitate the teaching and
learning of programming. Visualization helps students understand the logic behind lines of code and the
functioning of algorithms, while simulations create opportunities to model real-world problems and gain
practical experience. Interactive educational tools, such as algorithm visualization software and block-
based programming environments, can help in the practical application of theoretical knowledge, thereby
making the learning process more efficient [2].
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The aim of this study is to present the importance of the use of visualization and simulation in teaching
programming and to examine their impact on students' understanding, problem-solving skills and
motivation. During the analysis, various educational tools and methods are presented that can facilitate
more effective learning of programming. The results of the research can contribute to the development of
modern educational strategies aimed at improving the learning experience of students and innovative
approaches to teaching programming.

Il. THEORETICAL BACKGROUND OF VISUALIZATION AND SIMULATION

During teaching programming, students often encounter abstract concepts, the understanding of which
can represent a significant cognitive load. Traditional, textual presentation of the operation of algorithms,
the behavior of data structures and the process of program execution is often not sufficient to develop a
deeper understanding. Visualization and simulation are pedagogical approaches that help students better
grasp these complex concepts, thereby facilitating the acquisition of programming skills.

A. The role of visualization in learning

Visualization is one of the most effective learning tools, allowing abstract concepts to be made more
concrete. According to educational psychology research, visual information processing is faster and more
efficient than purely verbal or textual learning. In teaching programming, visualization can take various
forms:

« Algorithm visualization: Step-by-step visualization of the execution of algorithms helps students
understand the operation of control structures.

. Code flow visualization: Showing the effect of individual instructions allows students to track the
operation of programs.

. Data structure visualization: Illustrating how data is stored and processed can help in understanding
abstract structures [3].

Visualization not only supports the acquisition of theoretical knowledge, but also helps in the
development of debugging and problem-solving skills. Interactive visualization tools like Python Tutor or
Visualgo give students the opportunity to experiment with running code and its effects at their own pace.

B. The Importance of Simulation in Teaching programming

Simulation techniques allow students to test their theoretical knowledge in a real or realistic
environment. Simulations can be particularly useful in teaching programming in the following areas:

« Problem-based learning: Simulations allow students to learn programming principles by solving
real-life problems.

« Modeling and testing: Simulating complex systems allows testing the effectiveness of different
algorithms and programming solutions.

« Virtual labs: Online simulation platforms, such as CodinGame or MIT App Inventor, provide
students with the opportunity to develop their programming skills in an interactive way.

Simulations can be particularly effective in teaching robotics, artificial intelligence, and 10T (Internet of
Things), where the immediate impact of programming code can be observed visually and interactively.
Modeling real-world environments and gaining practical experience contribute to deeper understanding
and the development of independent problem solving [4][5][6].

C. Connection to constructivist pedagogical theories

The use of visualization and simulation methods fits well with the constructivist pedagogical approach,
according to which learning is an active, self-directed process. Students are not just passive recipients of
information, but build their knowledge through their own experiences and interactions. Interactive
programming environments and visual tools facilitate independent discovery, experimentation, and
practical application, which results in a more effective learning process in the long run.

Visualization and simulation are therefore not only complementary tools in teaching programming, but
also play a key role in deepening students’ understanding and increasing the efficiency of the learning

213



International Journal of Advanced Natural Sciences and Engineering Researches

process. In the following chapters, we will present in detail the different visualization and simulation tools
and their practical application in teaching programming.

. VISUALIZATION TOOLS IN TEACHING PROGRAMMING

The effectiveness of teaching programming can be significantly increased by visualization tools that
help in understanding algorithms, data structures, and programming concepts. These tools provide
students with the opportunity to visually follow the operation of the code, thus reducing learning barriers
and increasing motivation. In this chapter, we present the most commonly used visualization tools and
their advantages [7].

A. Algorithm visualization

Understanding the operation of algorithms is one of the biggest challenges in learning programming.
Algorithm visualization is a collection of techniques and tools that allow for the step-by-step presentation
of the operation of algorithms. These tools help students to visually follow the execution of individual
instructions and their effect on the data [8].

Examples of algorithm visualization tools:

. Python Tutor: An interactive tool that allows students to observe the execution of Python, C, C++,
Java, and JavaScript code step-by-step.

. VisuAlgo: An online platform that specializes in visualizing various algorithms (e.g., sorting
algorithms, graph algorithms).

. Algomation: A simple and user-friendly algorithm visualization tool that helps students understand
the logic of algorithms.

Algorithm visualization is especially useful for beginning students, as it helps them apply theoretical
concepts to practice and develop algorithmic thinking [9].

B. Block-based programming environments

Beginner programmers often have difficulty avoiding syntax errors and understanding code structure.
Block-based programming environments offer a visual programming approach that reduces the frustration
of syntax errors and allows for easier understanding of logical relationships.

Popular block-based programming environments:

« Scratch: A visual programming language developed by MIT that allows you to build algorithms and
programs using colored blocks.

. Blockly: A tool developed by Google that offers an interactive, drag-and-drop programming
experience.

« Snap!: An enhanced version of Scratch that is also suitable for creating more complex programs and
mathematical models.

The advantage of block-based programming environments is that they help students learn basic
programming concepts (e.g., loops, branches, variables) without having to deal with complex syntaxes
right away [10].

C. Visual support in code editors and development environments

Choosing the right development environment (IDE) is crucial when learning programming, as these
tools provide students with a variety of visual supports. Interactive editors, debuggers, and code
highlighters help students understand the logical structure of code and quickly identify errors.

Popular development environments with visual features:

. Jupyter Notebook: An interactive development environment that allows you to run and visually
represent Python code.

« Thonny: A Python development environment optimized for beginners that supports learning with
built-in visualization and step-by-step debugging.

. Visual Studio Code: A popular code editor that supports interactive learning and visualization with a
variety of plugins.
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These tools make it easier to understand the structure and operation of code, and make the debugging
process more efficient, which significantly contributes to the development of programming skills [11].

Visualization tools play a significant role in teaching programming, as they help illustrate theoretical
concepts and deepen students’ understanding. Algorithm visualization platforms, block-based
programming environments, and development tools all contribute to more effective and motivated
learning for students.

IV.  SIMULATIONS IN PROGRAMMING LEARNING

Simulation techniques are increasingly playing a role in teaching programming, as they provide students
with the opportunity to experiment and gain practical experience in realistic environments. Simulations
are particularly useful in areas where programming is directly related to the operation of physical or
virtual systems, such as robotics, network simulations, or data modeling.

A. The Role of Simulations in Teaching programming

Simulations play a prominent role in teaching programming, as they provide students with the
opportunity to try out algorithms and programming solutions in an interactive and realistic environment.
One of the most important advantages of simulations is that they reduce cognitive load, as students can
visually follow the code in action and see the results in real time. This is particularly useful in
understanding abstract concepts such as data structures, control structures, and algorithms, which are
challenging for many students.

The use of simulations is particularly effective in terms of gaining practical experience, as students not
only acquire theoretical knowledge, but also deepen their knowledge by modeling and solving real
problems. Such tools help develop algorithmic thinking and problem-solving skills, while providing
opportunities for experimentation and trying out creative solutions. Virtual labs and interactive
programming environments allow students to perform tests in a safe environment without damaging real
systems, which is especially important in the case of network simulations, robotics or embedded systems.

Increasing motivation is also an important factor in teaching programming, and simulations play a
significant role in this. Realistic situations and interactive learning experiences contribute to student
engagement and maintaining interest. Playful learning environments, such as gamified programming
platforms, provide opportunities for students to master the basics in an enjoyable way [12].

Incorporating simulations into teaching programming can significantly enhance the effectiveness of the
learning process. Interactive simulation tools help students understand theoretical concepts more easily,
develop practical skills, and gain greater autonomy in problem-solving. However, for simulations to be
truly useful, they require an appropriate teaching strategy and conscious integration into the curriculum
that takes into account the different needs and abilities of students [13][14].

B. Programming Physical Systems with Simulations

Simulation tools that model physical systems, such as robots, sensors, or embedded systems, are
becoming increasingly popular in teaching programming. These tools are particularly useful in
engineering and computer science studies, as they provide students with the opportunity to test their codes
in a real-world environment.

Popular robotics and embedded systems simulation tools include:

« Tinkercad Circuits — An online simulation platform that allows for modeling and programming of
electronic circuits and embedded systems [15].

« Webots — An advanced robotics simulator that allows for programming and testing of complex
robotic systems.

« VEXcode VR — A virtual robotics simulator that allows students to try out different algorithms in an
interactive environment.

These tools allow students to model real-world problems and develop algorithms without the need for
real hardware [16].
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C. Virtual Labs and Interactive Coding Platforms

Virtual labs are interactive learning environments that allow students to learn programming concepts
through online simulations. These platforms often provide real-time feedback to students and allow them
to test their code in different environments.

Popular virtual labs and simulation platforms:

« CodinGame — An interactive programming platform that presents programming tasks and algorithms
in a playful way.

« MIT App Inventor — A visual programming environment that allows you to create and simulate
mobile applications.

« Google Colab — A cloud-based development environment that allows you to run Python scripts and
perform visualization analyses.

These tools help develop programming skills by allowing students to directly test and modify their code
In an interactive environment [17].

D. Simulations in learning algorithms and data structures

Simulations are useful not only for physical systems and virtual labs, but also for teaching algorithms
and data structures. Interactive simulations help students understand how each algorithm works by
visually following the different steps.

Algorithm and data structure simulation tools:

« Sorting Algorithms Visualizer — An online tool that allows visualizing the operation of various
sorting algorithms.

. Graph Theory Playground — An interactive simulation environment that facilitates the learning of
graph algorithms.

« Heap Visualizer — A tool that allows visual understanding of priority queues and heap data
structures.

These types of tools help students to understand complex algorithms and data structures more easily and
apply them more effectively [18].

Simulation tools play a key role in teaching programming, as they provide students with the opportunity
to gain hands-on experience in real or virtual environments. Interactive robotics simulators, virtual labs,
and algorithm simulation platforms all contribute to the effectiveness of teaching programming. In the
next section, we present empirical examples and research findings that support the effectiveness of
visualization and simulation in teaching programming [19].

V. DISCUSSION

The use of visualization and simulation in teaching programming has many advantages, but it is not
without challenges. One of the biggest advantages is that it helps students understand abstract concepts
and develop algorithmic thinking. Interactive visualization tools and simulation platforms reduce
cognitive load, provide students with the opportunity to actively engage in the learning process, and
gradually master the fundamentals of programming. In addition, real-world simulations provide students
with hands-on experience, which in the long term increases the employability of their programming skills.

However, the introduction of visualization and simulation methods into education also poses
technological and pedagogical challenges. Operating such tools is often resource-intensive, and not all
educational institutions have the necessary hardware or software. In addition, teachers also need to be
familiar with and effectively use these tools, which requires appropriate training. Another important issue
is that excessive reliance on visualization can hinder students’ development in text-based programming
environments, which are essential for developing more advanced programming skills. Therefore,
visualization and simulation techniques should be properly integrated into the teaching process so that
they support, but do not replace, the thorough mastery of programming.
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VI.  CONCLUSION

The use of visualization and simulation can be a significant step forward in teaching programming,
especially for beginning students. These tools help to better understand algorithms and data structures,
increase student motivation, and provide opportunities for independent experimentation. Interactive
learning environments and modelling real-world applications can contribute to strengthening the practical
side of programming, which is beneficial for both education and subsequent professional development.

In order for these techniques to effectively support learning, it is necessary to develop pedagogical
methods and educational infrastructure. The gradual introduction of visualization and simulation,
strengthening teacher training, and providing appropriate hardware and software background are key
factors. In addition, it is important that such tools do not become exclusive, but act as complementary
tools, facilitating the development of students' independent coding skills. If you can strike the right
balance between visualization and traditional text-based programming, teaching programming can
become more effective, understandable, and enjoyable, resulting in deeper knowledge and better problem-
solving skills in the long run.
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