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Abstract: Using free web applications for designing mobile robots in general secondary education
institutions is an important step in developing STEM education. These tools allow students to create
and program mobile robots without significant financial costs, gaining practical skills in electronics
and programming. Programs such as Tinkercad, Fritzing, VEXcode VR, and others provide
opportunities to learn the basics of robotics, from 3D modeling to programming. They are suitable for
different levels of complexity, offering access to modern technologies even in challenging conditions
like limited resources and remote learning. The choice and implementation of such tools helps
stimulate interest in technical sciences and provides access to innovative learning methods for
students across Ukraine.
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Anomayia. BuxopucTaHHS OE3KOIITOBHMX Web-3aCTOCYHKIB UISI TMPOEKTYBAHHS MOOUTHHHUX
pOOOTIB y 3aKjajax 3arajibHOI CEPEeIHbOI OCBITH € BAXJIMBUM KPOKoM y po3BUTKY STEM-ocBiTu. Lli
IHCTPYMEHTH JTO3BOJISIIOTh YYHSIM Oe3 3HAa4HMX (DIHAHCOBUX BHUTPAT CTBOPIOBATH Ta MpOrpamMyBaTH
MOOUTHHUX POOOTIB, 3700yBalOUM MPAKTUYHI HABUYKH B €JIEKTPOHII Ta MporpamyBaHHi. [Iporpamu,
taki sk Tinkercad, Fritzing, VEXcode VR Tta iumii, HanawoTh MOXIJIMBICTH JJIsi BUBYEHHS OCHOB
poboTtoTtexHiku, Bix 3D-MojentoBaHHS A0 MporpaMmyBaHHs. BOHW MiIXOIATh JJIsg PI3HUX PIBHIB
CKJIQJHOCTI, 3a0e3Meuyroun JOCTYN JO0 HOBITHIX TE€XHOJIOT1H HaBITh y CKIIAJHUX YMOBAaX, TAKUX SIK
OoOMEXEHI pecypcH Ta BigJajJieHe HaBYaHHA. BuOip Ta BOpPOBAaDKEHHS TaKWX I1HCTPYMEHTIB
J0rIoMarae CTHMYJIIOBAaTH IHTEpeC 1O TEXHIYHMX HayK Ta 3a0e3ledye JOCTYI JI0 iHHOBAIiWHUX
METO/IB HaBYaHHS JIJIs1 YYHIB 11O BCi YKpaiHi.

Kniwowuosi cnosa: GesxomroBHi web-3actocynku, mobinbpHi pobotu, STEM-ocsita, Tinkercad,
MporpaMyBaHHs, pOOOTOTEXHiKa, OCBITa, HABYAJIbHI IHCTPYMEHTH. .

In the context of the Russian Federation’s aggression against Ukraine and the constant threat of
war, secondary education institutions (SEIs) in Ukraine, especially in regions close to the front line,
are facing numerous difficulties in organizing the educational process. In such conditions, distance
learning is becoming the main way to support the educational process, and it is free Web-applications
for designing mobile robots that are becoming an important tool. They allow not only to continue
their studies, but also provide students with access to modern technologies, which is important for the
development of engineering and technical skills in difficult conditions. Mobile robots designed using
these tools can be used in various areas, from training laboratories to research, which is an important
aspect of STEM education. In areas close to the front line, where resources are limited, such tools
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provide an opportunity to receive education and develop new skills that are important for students’
future professional activities. The use of free online resources helps to significantly reduce the cost of
education and makes modern technologies accessible, which is important in conditions of financial
constraints.

- Tinkercad is one of the most popular free web applications for designing mobile robots. It offers
an intuitive interface for creating 3D models, designing electrical circuits and basic robotic systems.
The platform allows students to design robots by integrating components such as motors, sensors and
other elements, and simulate their behavior in a virtual environment. Tinkercad also supports
Arduino-based programming, allowing students to learn to code in a visual editor or using text code.
The web application runs in the cloud, making it accessible for distance learning, which is especially
important for regions where access to physical resources is limited. Additionally, Tinkercad provides
an extensive library of ready-made components and tutorials to help with project creation.

- Fritzing is a free tool for designing electronic circuits and prototyping, which can also be used
for developing mobile robots. Fritzing allows you to create schematics as well as design PCBs
(printed circuit boards), allowing students to learn the basics of electronics and understand how
different components in a robotic system work. The Fritzing interface makes it easy to create circuits
using the drag-and-drop feature, making it user-friendly for beginners. The platform also supports
physical prototypes, allowing you to combine virtual and hands-on learning.

- VEXcode VR is a free online platform for programming and controlling virtual robots in a 3D
environment. The platform supports both block and text programming, making it useful for students
of different levels of knowledge. VEXcode VR allows you to program virtual robots to perform a
variety of tasks, such as navigating mazes or collecting objects. This allows students to learn robotics
and programming in an interactive and engaging way.

- Robot Virtual Worlds is a 3D robot simulation software commonly used to teach robotics and
programming. The platform allows you to build, test, and program robots, especially using the VEX
Robotics platform. Students can design robots, test them in different environments, and learn the
tasks they need to perform without the need for real equipment.

- Scratch for Robots Scratch is a popular programming language for beginners that has extensions
for robotics projects. With platforms like ScratchX, students can connect Scratch to various hardware
platforms, such as LEGO Mindstorms or micro:bit. Scratch allows you to create programs using a
drag-and-drop interface, which is great for introducing students to programming and robotics.

The above-listed Web-applications for designing mobile robots provide wide opportunities for
educational institutions working within the framework of STEM education. They allow not only to
study the basics of robotics and programming, but also to implement real projects without the need
for expensive equipment. This is especially important in conditions of distance learning or limited
resources, allowing students to access the latest technologies and develop their skills in the field of
robotics. Table 1 compares the advantages and disadvantages of Web-applications for designing
mobile robots within the framework of STEM education.

Table 1. - Comparison of advantages and disadvantages of web applications for designing mobile
robots within STEM education

Web applications Advantages Disadvantages
Easy interface for beginners Project complexity limitations
Support for 3D modeling and | May not be suitable for more
Arduino advanced users
Tinkercad Ability to create circuits and

robot simulations
Cloud-based platform accessible
from any device
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Continuation of the table 1

Web applications

Advantages

Disadvantages

Convenient for creating
electronic circuits and PCBs

Limited support for robotics
projects

Fritzing Suitable for learning the basics | Does not support 3D modeling
of electronics and more complex robotic
Intuitive interface systems
Virtual robot for programming | Limited capabilities for complex
Supports  block and  text | projects
VEXcode VR programming Requires stable internet
Suitable for different levels of | connection for real-time work
knowledge
Robot  simulation in 3D | Requires a license for the full
environment version
Robot Virtual Worlds Suitable for learning robot | Lack of support for more

programming and design
Highly realistic environment

complex hardware platforms

Scratch for Robots

Suitable for beginners

Simple visual interface

Easily integrates with LEGO,
micro:bit and other platforms

Limited functionality for
complex robotic projects
Not  suitable  for

technically complex tasks

more

The choice of software for designing mobile robots in secondary schools within STEM education
depends on the level of preparation of students and learning goals. Tinkercad is one of the best tools
for beginners, as it combines 3D modeling, electronic circuit creation and Arduino programming in a
single interface, allowing students to work with robots at all stages of their design. For teaching the
basics of electronics and creating simple circuits and prototypes, Fritzing is a good choice, but it does
not support complex robotic projects. If the task is to program virtual robots to perform simple tasks,
such as navigation or manipulation of objects, then VEXcode VR will be an ideal choice for students
who want to learn programming in real time. Robot Virtual Worlds is useful for teaching robotics in a
3D environment, although a license is required for more complex projects. For students just starting
out in programming, Scratch for Robots is a great tool due to its simple visual interface, but the
limited capabilities for complex projects can be a drawback. Considering these factors, Tinkercad and
VEXcode VR are the best programs for designing mobile robots in secondary schools, as they
support different levels of complexity and have a feature-rich interface.

The programs listed above allow you to create robotic systems and develop programming and
electronics skills using free resources, which is important for learning within STEM education,
especially in resource-limited environments.

CONCLUSIONS. The use of free web-based applications for designing mobile robots in
secondary schools is an important tool for the development of STEM education, especially in
conditions where access to physical laboratories or expensive software products is limited. These
tools allow students to develop skills in areas such as electronics, mechanics, and programming, even
in remote regions or during distance learning. Programs such as Tinkercad, Fritzing, VEXcode VR,
and others offer different levels of complexity, which allows taking into account the needs of students
with different levels of training. They help not only to master the basic principles of robotics, but also
encourage further study of more complex aspects of engineering and programming. The selection and
integration of such programs into the educational process allows to increase students' interest in
technical sciences and promotes the development of critical thinking and a creative approach to
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problem solving. In conditions of economic and resource constraints, these tools are an affordable
and effective way to integrate modern technologies into the educational process, which opens up new
opportunities for students across the country.
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