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USE OF GAME STEM PROJECTS IN EDUCATION
FOR CHILDREN WITH SPECIAL EDUCATIONAL NEEDS

Abstract. The article describes some of the possibilities for implementing
STEM education in institutions for children with special educational needs using
STEAM game projects. The application of project activities and the STEAM
approach to creating a favorable gaming environment in inclusive classrooms is
considered. STEM education as a type of innovative technology provides
children with the necessary digital tools to learn and understand various subjects
and phenomena, their structure and interconnections, and to create physical
models and simulations in virtual laboratories. Innovative technologies in STEM
education help children to develop the necessary skills through engagement in
playful activities, form the basis of critical thinking and the ability to evaluate or
analyze, help schoolchildren to socialize and learn to work in a team, contribute
to the formation and development of basic digital competencies in students
necessary for adaptation in the digital space. The article also presents the
structural components of the simplest STEM game projects implemented for
children with special educational needs on the basis of the STEM center of the
Voloymyr Hnatyuk Ternopil National Pedagogical University. The requirements
for project activities for the successful organization of STEM education are
analyzed. The described experience shows that this approach to organizing
educational activities has a positive effect on the level of development of
students, and opens up new opportunities for personal and professional growth.
It has been determined that project activities in general, and the game project in
particular, as a means of implementing STEAM learning in general secondary
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education institutions with an inclusive profile, not only makes it possible to
implement thematic and cross-curricular integration in practice, but also
contributes to the formation of children's practical experience and cross-cutting
competencies for further successful implementation in the digital society.

Keywords: innovative technologies, STEM education, project activities,
STEAM game project, children with special needs, STEM learning.

CkackiB I'anna MuxaiijaiBHa 37100yBad TPEeTHOTO OCBITHHOTO PIBHA
BUIIO1 ocBiTH crnemianbHocTi 011 OCBITHI, MeaaroriyHi HayKH, acCUCTEHT Kadeapu
iHQOpMATUKKA Ta METOAWKM 11 HaBUYaHHA, |epHOMUIbCHKUN HAIIOHATBLHUN
nejaroriyauil  yHiBepcuteT imeHi Bomomummpa ['natioxa, m. TepHominb,
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Pomannmmuaa Oxcana SpociaBiBHa JOKTOp NEAaroriyHUX Hayk,
npodecop kadeapu iHPOpMATUKY Ta METOAUKU 11 HaBUYAHHS, TEePHOMIILCHKUN
HalllOHAJIbHUI MenaroriyHui  yHiBepcuTeT iMeHi Bonogumupa ['HaTioKa,
M. Tepnormiis, https://orcid.org/0000-0002-2887-5023

BUKOPUCTAHHA ITPOBUX STEM-IIPOEKTIB Y HABUAHHI
AITEN 3 OCOBJIMBUMU OCBITHIMU IIOTPEBAMHA

AHoTamiss. Y CTaTTi OMMCaHO JEsSKI MOXKJIMBOCTI BripoBapkeHHsS STEM-
OCBITH y 3aKJIaJiax ISl IITeH 3 0COOJUBHMH OCBITHIMHU MOTpeOaMH 3 BUKOPHC-
taHHaM irpoBux STEAM-mipoekTiB. Po3risinyTo 3acTOCYBaHHS MPOEKTHOT AisTh-
HocTl, STEAM-niaXoay 10 CTBOPEHHS CHPUSATIMBOrO IrPOBOTO CEPEAOBHILA HA
3aHATTAX Y 1HKIIO3UBHUX Kiacax. STEM-HaBuaHHS sk P13HOBUJ 1HHOBAIIMHUX
TEXHOJIOT1H J1a€ MITAM HEOOX1THUM M(PPOBHI IHCTPYMEHTApP1H Ui MI3HAHHS Ta
pPO3YyMIHHSL PpI3HUX NPEIMETIB Ta SBHULI, iX CTPYKTYpU Ta B3a€EMO3B'A3KIB,
CTBOPEHHS (DI3MYHUX MOJENEH Ta CUMYJISTOPIB y BIPTyaJlbHUX JIabOpaToOpisiX.
InnoBaiiitni Texnosorii y STEM-0cBiTi gJonomararoTh JIITSIM PO3BUBATH 4Yepe3
3QJIy4eHHS JIO ITPOBOI JISUIBHOCTI HEOOX1IHI BMIHHS JIJI1 HAaBUYKH, (POPMYIOThH
OCHOBM KPUTHYHOI'O MHCIEHHS Ta 3JaTHICTh /O OI[IHIOBaHHS 4YM aHali3y,
J0TIOMAraroTh HIKOJISIpaM COIliai3yBaTUCh Ta HABUUTUCH MPAIIOBATH Y KOMaHI1,
CHpUSIIOTH (DOPMYBAHHIO Ta PO3BUTKY B YUHIB 0a30BUX ITU(MPOBUX KOMIIETCHT-
HOCTEH, HEOOXIJHUX /I ajanTaiii B muppoBOMy MPOCTOpi. Y CTaTTi MOJaHO
TaKOXX CTPYKTYpHI KOMIIOHEHTH Haumpoctimux irpoBux STEM-npoexTis,
peanizoBaHuX I JITed 3 0COOJMBUMH OCBITHIMU moTpebamu Ha 0a3zi STEM-
HEeHTpY TepHOMUIbCHKOTO HAallOHAJIBHOIO MEAArorivHOro YHIBEPCUTETY IMEHI
Bonoumupa I'natioka. IIpoananizoBaHo BUMOTH A0 MNPOEKTHOI AISTIBHOCTI ISt
ycnimHoi opranizainii STEM-naBuanus. Onucanuil J0CB1J MOKa3ye, 10 TaKUi
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HIX1J A0 OpraHi3ailii HaBYaJbHOI JISUIBHOCTI MO3WTHUBHO BIUIMBA€ HA PIBEHb
PO3BUTKY HIKOJSIPIB, BIAKPUBAE JII HUX HOB1 MOKJIMBOCTI JJIsI OCOOMCTICHOTO
Ta npodeciiinoro pocty. BuzHaueHo, 1110 NPpOEKTHA TIsUTbHICTh 3araJioM, IrpOBUI
MPOEKT 30Kpema, sik 3acid peanizaiii STEAM-HaBuaHHs y 3akiiajgax 3arajibHOi
CepeaHbOl OCBITHM 3 1HKJIFO3MBHUM MpOoQiIeM JTa€ MOXKIUBICTh HE TUIBKM Ha
MPaKTUIll peasli3yBaTh TEMATHYHY Ta MDKIPEIMETHY IHTErpalliio, a i Crpuse
(GbopMyBaHHIO y AIT€H MPaKTUYHOIO JIOCBITY Ta HACKPI3HUX KOMIIETEHTHOCTEH
JUTSI TIOJJANTBIIIOT YCTINIHOI peani3altii y udppoBOMY CYyCIIbCTBI.

KuarouoBi ciaoBa: inHoBamiiiHi TexHozorii, STEM-ocBita, mpoekTHa
TUSTBHICTD, irpoBuil STEAM-Tipo€KT, it 3 0COOIMBUMHE OCBITHIMHU MMOTpeOaMu
(OOII), STEM-HaBYaHHS.
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Problem statement. One of the current directions of modernization and
innovative development of natural, mathematical and humanitarian education
profiles is a STEM-oriented approach to education, which promotes the
popularization of engineering and technology professions among young people,
raising awareness of their career opportunities in the engineering and technology
field, and forming a sustainable motivation to study the disciplines on which
STEM education is based.

STEM education is a category that defines an appropriate pedagogical
process (technology) for the formation and development of mental, cognitive and
creative qualities of young people, the level of which determines their
competitiveness in the modern labor market: the ability and willingness to solve
complex problems, critical thinking, creativity, cognitive flexibility, cooperation,
management, and innovation.

The main tasks of STEM education are aimed at optimally simple and
convenient approaches to building curricula of different levels, studying phenomena
and processes of the world around us, and solving problem-oriented tasks.

The use of the leading principle of STEM education — integration — allows
for the modernization of methodological foundations, content, and volume of
educational material of the natural and mathematical subjects, the technologicalization
of the learning process, and the formation of educational competencies of a
qualitatively new level.

It also contributes to better preparation of young people for successful
employment and further education, which requires different and more technically
complex skills, including the use of mathematical knowledge and scientific
concepts [1; 3].

Analysis of recent research. A significant event took place in the
development of STEM education in Ukraine — the Ill International Scientific
and Practical Conference “STEM Education: State of Implementation and
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Development Prospects”, which was attended by more than 250 specialists from
Ukraine, Kazakhstan and Estonia.

The important meeting was devoted to finding effective approaches and
technological solutions to the use of innovative STEM education technologies in
terms of developing the abilities of students and young people of all ages and
solving the problem of intellectual self-development of the child's personality.

The main task of the conference was to develop a common position of
managers, scientists, methodologists, and practicing teachers on solving urgent
problems of the current stage of development of STEM education and to find
effective ways to implement theoretical foundations in educational practice [2; 5].

Scientists from different countries had the opportunity to get acquainted
with the content and approaches to organizing STEM education or STEAM. The
Kyiv International Children's School, the Sokrat STEM Center, the 5 Sciences
Creative Laboratory, and others presented their achievements in STEM. In
addition, pedagogical studios were open: “Implementation of STEM education
ideas in primary school”, ‘Development of STEM areas in out-of-school
education’, ‘STEM education in secondary and specialized schools’, *Staff
training and adult education’. The speakers shared their best practices and
achievements, and impressed the audience with their creativity and enthusiasm.

The participants of the event gained a lot of interesting information during
the workshops: “Methods of Work in the All-Ukrainian Scientific and
Methodological Virtual STEM Center”; “Methods and Tools for Implementing
STEM Education: Using the BYOD Principle (Smartphones) in the Study of
STEM Subjects in Secondary Schools’; ‘Methods and Tools for Implementing
STEM Education: Dixi-Education Equipment for Modern Digital Laboratories in
the Study of STEM Subjects’ [6; 7].

In their studies, scientists and practitioners noted that STEM education is
one of the priority areas of development of education in Ukraine in the context of
the transition to the New Ukrainian School. They emphasized that by combining
the efforts of all stakeholders in the implementation of STEM education, positive
changes are constantly taking place. An important achievement is the creation of
a regulatory framework for the functioning of STEM education, the formation of
a glossary and annotated catalog of articles on STEM education, the opening of
the All-Ukrainian Virtual STEM Center, the work of the Web-STEM school, the
development and public discussion of the Concept of STEM education, etc [4].

However, the issues that determine the structural features of game-based
STEM projects and their implementation for teaching children with special
educational needs (SEN) remain poorly understood.

Objective of the study. That is why the purpose of our study is to
investigate the peculiarities of organizing STEM classes for children with SEN,

(o =
=
o
cT

— |
25,
= cn
2 ™
0 -
ct
=i
= o

==

=]

_a




haURH T

ICBIT

ISSN 2786-6165 (ONLINE) N=12(30)2024

the use of digital tools for the implementation of STEM projects, and to determine
the peculiarities of teaching children with SEN through game STEM projects.

Presentation of basic material of the research.

STEM education is also gaining popularity in Ukraine. However, at
present, in Ukrainian schools, and especially in institutions for children with
special educational needs, it is mostly represented in the form of electives and
clubs. In addition to physics and mathematics, students learn the basics of
robotics and programming, creating their own automated systems. The classes
use specific technological laboratory and training equipment, if available.

The Arduino platform was chosen to implement STEAM projects at the
educational and rehabilitation center for children with special educational needs
based on the STEAM Center of Ternopil Volodymyr Hnatiuk National
Pedagogical University.

Arduino is an open source platform for working with a variety of physical
objects. This platform includes a board with a microcontroller and the Arduino
IDE development environment for creating software.

The Arduino platform can be used to develop systems that control sensors
and switches. Such systems, in turn, can control the operation of a wide range of
indicators, motors, and other devices. Arduino-based modules can be either
standalone or interact with software running on a personal computer. You can
assemble any Arduino board yourself or buy a ready-made module. The
development environment for programming such a board is free and open source.

Note that in addition to the Arduino IDE, there are third-party development
environments, the most famous of which is S4A (Scratch for Arduino). S4A is a
modification of Scratch that allows for simple visual programming of the Arduino
controller and contains blocks for controlling sensors and actuators connected to
the Arduino board. This environment requires a constant connection of the
Arduino board to a personal computer and allows you to implement fairly simple
tasks, so for complex projects it is advisable to use the Arduino IDE. However,
the S4A is ideal for use in junior high school to introduce students to the basics
of programming and robotics [4].

Thus, the use of the Arduino platform in educational institutions will allow
implementing a significant number of interesting STEM projects with students
and with students, which will encourage in-depth analysis of the subject area in
the context of several academic disciplines at the same time, creative thinking
and promote teamwork skills.

If you look at the structure of even the simplest STEM game projects that
do not require a laboratory equipped with technology, you will see that they are
ideal for students with special educational needs:

1. Activities are result-oriented. STEM activities are based on solving real-
world problems. In addition, at each stage of the lesson, students solve a specific
problem or perform a specific task with clear conditions and expectations for the
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result. This is easier for most students with special educational needs than
working with abstract concepts.

2. Constantly changing the format of work. In addition to the fact that the
engineering design process consists of different types of activities, each stage is
also a combination of different forms of activity. Therefore, at each stage,
students can either choose the most comfortable format of work or alternate
between them.

Among a large number of innovative technologies, most teachers today
recognize the advantage of working in interactive mode.

In interactive learning, the interaction between teacher and student
changes: the teacher's activity gives way to the student's activity, and the teacher's
goal is to create conditions for students' initiative. Interactive learning provides
interaction. The scheme of interaction between participants in the learning
process is fundamentally changing.
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Performer-
student

Teacher

A

Coordinator

Fig. 1. Scheme of interaction between game project
participants

In such a contact with the teacher and classmates, each student feels more
confident (Fig. 1).

3. Shorter class time. Working on a STEM project often requires even more
time than a regular lesson, but since all activities are divided into stages, the
breaks between them allow students to realize everything that was done in the
previous stage and what needs to be done in the next.

4. Work in small groups. A team of 4-6 students is the norm for well-
designed STEM lessons. So even in a large classroom, students will work in
small, comfortable groups where it is easier to establish contact with each other.
In this case, it is important that students with special educational needs do not
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perform tasks separately from the class with a teacher or assistant, but are part of
such mini-groups. This creates an opportunity for socialization of some students
and the development of empathy for others — it teaches them to work together
and build relationships.

5. Lack of pressure. The vast majority of students, not only those with
special educational needs, perceive mistakes as defeats and confirmation of their
own inability. But for engineers, a mistake is simply one of the steps in finding,
testing, and evaluating a solution or redesigning it. It is important to explain this
to all students in advance. For example, tell them how real engineers and
inventors created things we know. Then you need to see if this is how students
will perceive failures in the process.

6. Flexible format of learning and testing of acquired knowledge and skills.
STEM game projects give both teachers and students a lot of freedom to choose
how they want to share their knowledge.

Teachers from Ternopil Volodymyr Hnatiuk National Pedagogical
University, together with teachers from rehabilitation centers for children with
pupils with special needs, conduct classes to engage students in STEM activities
in compliance with the following requirements [4]:

Assume competence. Believe that students with special educational needs
can do more than is usually expected of them. Especially if you create an
environment that is conducive to this.

The effect of expectations leads to lower performance during learning, less
interest in science and math, and less effort to achieve counter-stereotypical
results.

Build on students' strengths and interests. Students will be more interested
in completing tasks if they feel they have the knowledge and skills to do so. But
don't forget that, just as with students without special education needs, you will
need to raise the bar from time to time to ensure that skills are developed and
refined.

Help students achieve a state of “flow”. To do this, clearly define the
purpose of the task as a whole and of each step. Establish a level at which your
students with special education needs should complete the task. Provide correct
and prompt feedback so that students can adjust their actions as needed.

Use assistive technology as needed. This can make it easier for students to
read information and understand assignments, especially for those with visual or
hearing impairments. Provide materials in digital format, duplicate information
with information cards, print out tasks on yellow sheets, etc. Information boards
for people with visual impairments are made yellow because this color is bright
enough. The same is true here: when there is a lot on the table, it is easier for
students to find the worksheet if it attracts attention.
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Ideally, text materials for visually impaired students should be adapted for
voice-over by screen readers (NVDA, Jaws For Windows, etc.). And texts for
students with dyslexia should be typed in the Inclusion UKR font.

Pay attention to safety. Many tasks involve working with various tools —
from scissors and modeling knives to drills, soldering irons, etc. Stay close to
students while they work with these tools, but at the same time, if possible, let
them do the work, guiding and coaching them. This will help them gain more
independence and confidence in their own abilities.

Model hard work and how team members can communicate and
collaborate with each other. This is important not only for those students who
need help in acquiring and developing social skills, but also for all students to
develop soft skills and empathy [8].

Project activities for organizing classes on creating game-based STEM
projects are implemented at Ternopil VVolodymyr Hnatiuk National Pedagogical
University for children with special educational needs in two stages: preparatory —
information search — search for information by children together with parents or
methodologists, collection of materials for creating blocks; creative — practice-
oriented — making children's own models.
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Fig. 2. Implementation of a game STEM project
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This implementation of a game-based STEM project (Fig. 2) is a series or
sequence of courses or curricula that prepares students for successful
employment, post-secondary education, or both, and requires different and more
technically complex skills, including the use of mathematical knowledge and
scientific concepts. The usual form of teaching, when the lesson is built around
the teacher, is changing. According to the STEM methodology, the focus is on a
practical task or problem. Students learn to find solutions not in theory, but right
now through trial and error.

Conclusions. When it comes to regular education, we all understand why
we teach these subjects to students. It is important for everyone to have basic
scientific knowledge to explain natural phenomena, to use the knowledge gained
correctly to improve their lives, to preserve health, the environment, etc. But for
many children with special educational needs, interaction with the world around
them is not an easy task.

Learning in this way, using STEM game projects, it will be easier for
children to explore, compare, contrast, and classify. Children's brains are plastic
and capable of developing at any age. And the more we provide children with
opportunities to engage in higher-order thinking, the more neural connections
will be formed in their brains. This means that new knowledge will be better
absorbed. It will become easier for them to memorize new information, and it
will become more accessible to them.
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