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DEVELOPMENT OF INNOVATIVE SKILLS OF PRIMARY CLASS STUDENTS
THROUGH ROBOTICS

Abstract. The purpose of writing the article is to study and identify the impact of robotics
education in elementary school on the development of innovative skills of students (skills of
communication, interaction, and independent decision—-making of students). Given the need for a
modern workforce in the 21st century, the article found out how practical robotics activities
contribute to creativity, critical thinking, problem-solving, and teamwork in primary school
students. Research on the impact of robotics teaching on primary school students is analyzed and
shown to contribute to the enrichment of the educational field and the integration of innovative
pedagogical approaches to better prepare students for future tasks.

The main results of the study demonstrate a significant improvement in the innovation skills
of junior primary school students due to robotics training. Hands-on robotics experiences were
accompanied by increased creativity, critical thinking, problem-solving, and collaboration skills.
Integrating robotics into the classroom successfully combined theoretical knowledge with practical
application, reinforcing core STEM concepts. The impact of this approach extends beyond the
educational context, allowing robotics education to be seen as a dynamic platform for developing
interest and innovation. Developing children's problem-solving skills through concrete tasks and
collaborative learning experiences helps prepare them for a technological future. By understanding
the multifaceted benefits of robotics education for developing innovative skills, educators can play
an important role in preparing students for success in the ever-changing world of the 21st century.
This study makes a significant contribution to the debate on innovative pedagogical approaches by
emphasizing the need for holistic education that goes beyond traditional educational structures.

Keywords: robotics, elementary school, curriculum, robotics in education, innovative
technology, digital resource, innovative skill.
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Po0oToTeXHUKA aPKBLIbI 0ACTAYBIII CHIHBIN OKYIILLIAPHIHBIH HHHOBAIUSLIIBIK,
AAFAbLIAPBIH 1aMbITY

Anparna. MakayaHbl jka3yarbl MakcaT — OacTaybllll MEKTeNnTe poOOTOTeXHUKa OOMbIHILIA
OumiMm  OepyliH OKYIIBUIApABIH WHHOBALMSUIBIK  JIAFJBUIAPBIH  JITAMBITYFa OCEpiH  3epTTey
(oKymIbUTapABIH KapbIM-KAaThIHAC, ©3apa opeKeTTecy, ©30€TiHIle WIenIiM KaObUiaay [aFabLiaphl)
kKoHe aHbIKTay. XXI Facelpaarsl 3amMaHayW >KYMBIC KYLIIHIH KaXETTUIrH €CKepe OTHIPHII,
Makanajga poOOTOTEXHHKAHbIH IPAKTHUKAIBIK OpeKeTTepi OacTaybllll CBIHBII OKYIIBUIAPBIHBIH
IIBIFaPMaIIbUIBIKKA, CBIHH OMUIayFa, mpodiemMaap Il HISHIyTe dKOHE TOITHIK XKYMBIC )KacayFa Kaiai
BIKMAJI €TeTiH1 aHBbIKTa(bl. POOOTOTEXHUKAHBI OKBITYbIH OacTaybllll CHIHBIN OKYIIbLIAPbIHA dcepi
Typalibl 3epTTeyliepre Tajjay acajblll, OuTiM Oepy caiachlH OalbITyFa >KOHE OKYIIbLIApIbI
Oosaniak MiHAETTepre >Kakchl JailblHAAy YIIIH WHHOBALMSUIBIK, I€JaroruKaiblK TOCUIIEepAl
OipiKTipyTe BIKIaN eTETIH/IITT KOPCETIIreH.

3epTTeyAiH HEri3ri HoTWKenepl pPOOOTOTEXHUKAHBI OKBITYABIH apKachlHAA Killlli MEKTemn
OKYIIBUIAPBIHBIH ~ MHHOBAIMSJIBIK ~ JAFJbUIAPBIHBIH  AHTApIIBIKTall  KAKCapFaHBIH  KOpPCETEIl.
KonganOanbsl poOoTOTEXHUKA TKIpHOEC] IIbIFapMaIIbUIBIK, CHIHM OWJIay, MpolieManap/ibl Iemry
’KOHE BIHTBIMAKTACTBIK JaFABUIAPBIH apTTBIPYMEH Kartap KypaAi. PoOoToTexHukanbl cabakka eHrizy
TEOPHMSUIBIK OUTIMII MPAaKTUKAJIBIK KOJNIAHYMEH COTTI yilnectipe otTbipbin, Herisri STEM
TYKbIPbIMIAMAJIapbIH HBIFAUTTBI. ¥ ChIHFAH TOCUINIH 9cepl OuliM Oepy KOHTEKCIHEH achlll TYCe.l,
poboToTexHHKa OOWBbIHIIA OiTiM Oepyldi KbI3BIFYIIBUIBIK I€H WHHOBAIUSHBI JIaMBITY/IbIH
JUHAMMKaNbIK M1aTdopMackl peTiHAe KapacTblpyFa MyMKiHAIK Oepeni. HakTel TanceipManap MeH
OipyeckeH OKy ToXipubOeci apKplUibl OananmapblH MpoOieManapibl HIeHly JaFIblUIapblH AAMBITY
oJapAbl TEXHOJIOTHSUTBIK OoJaliakka JaiblHAayFa KeMekTeceli. VIHHOBAIMSUIBIK JTaFIbLIapabl
JaMBITY YIIIH poOOTOTeXHUKa OoMbIHIIA OLTiM Oepy/iH KeIl KbIpJibl apThIKIIBUIBIKTAPBIH TYCIHY
apkpuibl memarorrap XXI FachIpAbIH YHEM1 ©3TepeTiH oJEMIHJE OKYIIbUIAPJbI JKETICTIKKE
naiplHAayqa MaHbI3ABI  ped  aTkapa anafsl. Makanaga 3epTrey JAdCTypiai  Oimim - Oepy
KYpBUIBIMIAPbIHBIH II€HOEpiHeH MIbIFaThIH OipTyTac OuTiM Oepy KaXeTTUIrH aiTa OTBIPHI,
MHHOBAIMSUIBIK MEJaroTUKaIbIK TOCUIIEp Typalibl MiKipTasacKa eaeyii yJiec KocaIbl.

Kiar ce3zep: poboroTexHuka, OacTaybllll CHIHBIN, OKY OaraapiiaMachl, WHHOBALUSJIBIK
TEXHOJIOTHS, LU(PIBIK pecypc, MHHOBALUSAIIBIK Taf/Ibl.
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Pa3BuTHE HHHOBAIMOHHBIX HABBIKOB YYAIIMXCSI HAYAJBHBIX KJIACCOB C MOMOIIbIO
po0OTOTEXHUKHN
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AnHoTauus. llenplo craTbu SBISETCS H3YYCHHWE U BBIABICHHE BIUSHHUS OOY4YEeHUS
POOOTOTEXHUKE B HAYaJIbHOM IIKOJIE HA pAa3BUTHE MHHOBAIIMOHHBIX HABBIKOB yYaIUXCsl (HaBBIKOB
OOIIeHUs, B3aMMOACUCTBUS M CAaMOCTOATEIBHOTO MPHHATHS PELICHUN yJalluMHCS). YUYUTHIBas
MOTPEOHOCTh B COBpeMeHHOM padoueit cuie B XXI Beke, B CTaThe BBICHSIOCH, KaK MPAKTUYCCKUE
3aHATUS POOOTOTEXHHUKOM CIOCOOCTBYIOT PAa3BUTHIO KPEATUBHOCTH, KPUTUYECKOTO MBIIUICHHUS,
YMEHHUSl pemarb MpoOiieMbl W paboTaTh B KOMaHA€ VY YYalIMXCA HAYaJIbHOM IIKOJBIL.
[Ipoananu3upoBaHbl HCCIEAOBAHUSA O BIUSHUU IMpenoJaBaHUs POOOTOTEXHUKHU Ha YYalluXCs
HAYaJIbHOM IIKOJIBI, KOTOpbIE, KaK IOKa3aHO, CHOCOOCTBYIOT OOOTalleHHI0 00pa3oBaTEIbHOTO
MIPOCTPAHCTBA M HHTETpallid HWHHOBAaLMOHHBIX IMEJAarOTMYECKUX MOAXOAO0B JUIS JIydIleu
MOJIrOTOBKH y4aluxcs K OyAyIIuM 3a7adam.

OCHOBHBIE  pe3yJbTaTbl MCCIEIOBAHUS JIEMOHCTPUPYIOT 3HAUMUTENIBHOE  YJIY4YILEHHE
WHHOBAIIMOHHBIX HABBIKOB MJIQJIINX MIKOJBHHUKOB Oylarogapsi OOYy4YeHHI0 pPOOOTOTEXHHUKE.
[IpakTuueckoe 3aHATHE POOOTOTEXHHKOW COIMPOBOXKAAJIOCH POCTOM TBOPUYECTBA, KPUTUUYECKOTO
MBIIJIEHUS], YMEHUS pelIaTh IpoOaeMbl U COTpyAHUYaTh. MIHTEerpanns poOOTOTEXHUKHU B y4EOHBII
MPOLIECC YCHEIIHO O0BbEeINHANIA TEOPETUYECKUE 3HAHUS C MPAKTUUYECKUM MPUMEHEHHEM, YKPeIUIsisa
ocHoBHble KoHuenuuu STEM. BnusHue maHHOro mojaxoja MpPOCTUPAETCS 3a Mpeaesbl yueOHOro
KOHTEKCTa, TII03BOJISISI paccMaTpuUBaTh pPOOOTOTEXHHUYECKOE O0Opa3oBaHUE Kak JUHAMHYHYIO
wathopMy I Pa3BUTHS HHTEPECOB U MHHOBAIMNA. Pa3BuTHe y eTell HaBBIKOB PEIICHHS TPOOIIeM
yepe3 KOHKpETHbIe 3aJaHus U KoymabopaTuBHOE OOy4YeHHE IIOMOraeT IOATOTOBUTh HX K
TexHojoruueckoMy  Oyaymemy. IloHuMas  MHoOrorpaHHble  IpeUMyIlecTBa  OOy4eHHUS
pPOOOTOTEXHUKE ISl pa3BUTHSI MHHOBALIMOHHBIX HABBIKOB, IEJArOr'M MOTYT ChITPaTh BAKHYIO POIIb
B IIOArOTOBKE YYallMXCs K YcCIexXy B IOCTOSHHO MeHsomeMces mupe XXI Beka. JlanHoe
UCCIIeIOBaHNE BHOCHUT 3HAUMMBIM BKJIaJg B O0OCYKJAEHHE HMHHOBAIIMOHHBIX ME€arorMyecKux
MIO/IXO0JIOB, aKIEHTHPYs] BHUMaHUE Ha HEOOXOAMMOCTH LIEIOCTHOIO 00pa3oBaHUs, BBIXOJAIIETO 32
PaMKH TPaJUIIMOHHBIX YUE€OHBIX CTPYKTYP.

KuaroueBble ciaoBa: poOOTOTEXHMKA, HaAdajdbHBIM  Kjlacc, YydyeOHas  IporpaMma,
MHHOBAIIMOHHBIE TEXHOJIOTUH, IIM(POBOI pecypc, MHHOBAIIMOHHbBIE HABBIKH.

Introduction

The primary education system is facing a bigger problem as it is guiding the challenges of
preparing students for an increasingly dynamic and technologically oriented future. While
traditional educational models are effective in conveying fundamental knowledge, They do not
teach students the innovative skills necessary to succeed in the 21% century. We are witnessing the
rapid development o technology, global interconnection, and the emergence of new challenges, the
need to encourage innovation in primary education has never been relevant.

With its emphasis on rote memorization and standardized assessments, the traditional
approach to education typically prioritizes the acquisition of existing knowledge over the
development of creative thinking, problem-solving, and adaptability. This poses a major challenge,
as the ability to innovate is becoming not only vital but also necessary to navigate the complexities
of today's world.

The demand for innovative skills is not limited to certain industries or professions; it
permeates all aspects of society [1]. From solving environmental problems to finding new solutions
to global health crises, innovative thinking plays a central role in overcoming the challenges we
face. The formulation of the problem consists of a mismatch between the traditional educational
paradigm and the changing demands of the world, which require people to be not only consumers of
knowledge but also generators of innovative ideas.

The problem is two-fold: the current education system does not pay enough attention to the
development of innovative skills, and the social landscape requires people who can navigate a
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rapidly changing world and contribute to its development. Recognizing and addressing this
disparity is critical to ensuring that primary education becomes an active force in shaping students
into innovative thinkers who can meet the demands of an uncertain and dynamic future. The need to
close this gap forms the basis for learning innovative pedagogy methods, such as robaotics training,
as a transformative solution for developing the innovative skills of primary school students.

In today's technology-saturated society and ever-changing workforce demands, education
plays an important role in preparing young people for successful careers and adapting to a rapidly
changing reality. With this in mind, innovative teaching methods such as robotics in elementary
grades are becoming increasingly relevant. A key aspect contributing to the growing need for
flexible and technically trained professionals is the development of skills such as creativity, critical
thinking, problem-solving, and collaboration from childhood.

The main purpose of this study is to explore the role of robotics education in elementary
school, which acts as a catalyst for the development of new student abilities. Our goal is to
understand how robotics classes contribute not only to improving the level of technical literacy but
also to the development of critical thinking, creativity, and teamwork skills in elementary school
students.

Based on the results of the analysis of the effectiveness of educational programs in robotics in
primary schools, it can be concluded how successfully they can be integrated into the educational
process and how they affect the overall development of students. The results of the conducted
research can be used to develop recommendations for optimizing the process of teaching robotics in
elementary schools, as well as to improve the quality of general education. The research focuses on
the study of robotic knowledge as a fundamental element of the formation of innovative
competence among younger schoolchildren. The robotics field is a special comprehensive method
that combines aspects of scientific research, technical development, engineering and mathematical
calculations (STEM), and also includes practical exercises. Such an association allows students to
overcome the boundaries of purely theoretical awareness and actively engage in the use of
knowledge, which contributes to a more complete and meaningful assimilation of STEM ideas [2].

Robotics training serves as an innovative pedagogical tool that provides students with a truly
interactive platform for research and experimentation. The research aims to investigate how the
process of designing, building, and programming robots can stimulate creativity, stimulate critical
thinking, and develop problem-solving skills. In addition, many robotics projects are collaborative,
meeting the specific requirements of effective teamwork and communication, which promotes the
holistic development of innovative skills.

Understanding the impact of robotics education on elementary school students is critical for
educators and policymakers seeking science-based strategies to improve educational quality. By
focusing on robotics education, this study aims to illuminate a promising path for educating
tomorrow's innovative thinkers and thereby contribute to the ongoing conversation about the
evolving nature of elementary education in the 21st century.

Research methods and materials

To achieve the study's goal, a mixed method was chosen, including quantitative and
qualitative methods. The quantitative part of the study was based on the analysis of data obtained
through testing and questionnaires to assess the development of innovative skills of primary school
students after introducing robotics into the educational process. The data obtained through selected
research methods were analyzed using thematic analysis to identify recurring themes and patterns.
This approach makes it possible to combine them with quantitative results to form a holistic view of
robotics' impact on students' innovative skills.

Robotics at school is a technology of the 21st century that allows students to develop
communication skills, interaction skills, independent decision-making skills, and discover their
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creative potential [3]. In general, there is an experience of introducing the subject of information
and communication technology into the curriculum of schools in primary school. For example,
England was one of the first countries to introduce ICT during the transition to 12-year education.
And since 2012, computer science has been established as a single state standard of education in
China. In 2015, the national curriculum was introduced into Australia's primary and secondary
education system [4]. In South Korea, the school system consists of 6 years of elementary school.
Computer education began in 1971 and computer content became mandatory in 2000 to provide
computers to all classrooms [5]. Singapore introduced the mandatory Code for Fun program in 2014
to introduce and inspire computational thinking in school children. Elementary school students can
use visual programming languages like Scratch and microcontrollers like the Lego WeDo Kit to
assess programming, solve problems, and improve logic.

Research has shown that teaching robotics in elementary schools can significantly improve
students' cognitive skills and thinking ability [6]. In particular, this discussion focuses on mental
tools as a means of using ICT to develop cognitive skills. The stimulating effect of mental tools on
students' thinking abilities and mental attitudes is considered. Different types of mental tools and
several specific examples are carefully considered. The authors consider how smart tools can
contribute to creating ICT-rich learning environments in technology education in primary schools.
And project-based learning in robotics has been found to improve students' skills and abilities, as
well as their scientific achievement and peer relationships [7], This study examines robotics
education to support elementary school science and technology courses at a private Evrim College
in Istanbul. This study is a case study of a group of students studying robotics. Robotics education
not only provides students with information about robotics but also helps them improve their skills
and abilities. The first starting point is to become familiar with electronic circuit design equipment
and learn the basic principles of robot design. Integrating robotics and programming in the
classroom improves students' computational thinking skills by focusing on developmentally
appropriate activities [8]. Chalmers S. studied how Australian primary school teachers integrated
robotics and coding in their classrooms and how this affected students’ computational thinking
skills. These studies formed the basis of our work. In addition, the introduction of robotics into the
curriculum in elementary schools has been found to improve learning abilities, cooperation, and
teamwork [9].

The study's research design uses a mixed methods approach that combines quantitative and
qualitative methods to provide a comprehensive understanding of the impact of robotics learning on
elementary school students' innovative skills [10]. This Mixed design allows for data triangulation,
increasing the reliability and validity of the study.

Quantitative and qualitative research is the basis for teaching primary school students to
develop their innovative skills through robotics. This is because stratified random sampling is used
to ensure a diverse demographic when teaching elementary school students. Elementary schools,
socio-economic conditions, and educational systems will be introduced in each region.

Participants: The main participants will be primary school students aged 6-9. Parental
consent is obtained for each participating student. The independent variable is participation in
robotics training, while the dependent variables include creativity, critical thinking, problem-
solving skills, collaboration skills, and academic performance. Standardized tests, questionnaires,
and academic performance assessments are used to measure variables quantitatively.

Qualitative research: Purposive sampling is used to select a small group of participants for an
in-depth qualitative study. These can be students, teachers, and parents. Data Collection Methods:
Semi-structured interviews, focus group discussions, and open-ended survey questions will be used
to collect qualitative data on participants’ perceptions, experiences, and qualitative aspects of
creativity, critical thinking, problem-solving, and collaboration. Data Analysis: Thematic analysis is
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used to identify recurring themes and patterns in qualitative data. It allows for a deeper
understanding of the educational impact on robotics.

Experimental and control groups: Participating schools will be randomly assigned to either an
experimental group implementing robotics training or a control group following traditional
curricula, where possible.

Comparative analysis: the proposed design allows for direct comparisons between students
engaged in robotics and those who do not, allowing for a more accurate assessment of the impact of
the intervention. Informed consent was obtained from all participants and their parents or guardians
before participation. To ensure privacy, members' identities will be anonymized and all data will be
stored securely.

Debriefing: Participants will be interviewed after the study to address any concerns and
ensure a positive experience.

Using this mixed-methods research design, the study aimed to gain a simple and holistic
understanding of the relationship between robotics education and the development of innovative
skills in elementary school students. Combining quantitative and qualitative data increases the rigor
of the research and contributes to the comprehensive exploration of the research questions.

Thus, we present the following criteria and indicators for the development of innovative skills
of Primary School students through robotics (Table 1).

Table 1 — Components, measures and indicators of development of innovative skills for
elementary school students through robotics

Component Dimensions Indicators

1 2 3
Generating Divergent thinking tests: evaluate students' ability | The number and variety of ideas
ideas to think creatively and create different solutions to | generated in robotics classes.

a given problem.
Creative project results: assessment of uniqueness | Demonstrated originality and

and originality of students' robotics projects. creativity in the development and

implementation of robotics projects.

Analytical Assessing critical thinking: assessing students' | The depth of analysis shown in

thinking ability to analyze information, make logical | responses to critical thinking
connections, and draw conclusions. assessments.

Problem-Solving Objectives: to evaluate and | Promptness and efficiency in solving
solve the problems presented by students in the | problems that arise in the

context of robotics projects. performance of robotics tasks.
Solving Real-Time Problem-Solving Assessment: | Effectiveness in identifying and
problems Assessing how well students perform tasks | formulating problems in the context
specific to robotics projects. of robotics tasks.

Observational data: recording the strategies | Creativity and adaptability in
students use to overcome obstacles during | implementing solutions.

robotics lessons.
Teamwork Observational data: Assessing collaborative | Communication and cooperation
student behavior during group robotics projects. demonstrated during group robotics
tasks.

Self-Assessment and Peer Assessment: Getting | Ability to resolve conflicts and
feedback from students on their own contributions | contribute  positively to  group
and the joint contributions of their peers. dynamics.
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Continuation of Table 1

1 2 3
Desire to Assessment of students' self-reported interest and | Be enthusiastic and interested in
learn motivation in learning robotics. robotics tasks.
Observational data: monitoring of enthusiasm and | Willingness to  explore  and
activity of students during robotics classes. experiment with new ideas in the
context of robotics.

Therefore, these components, dimensions, and indicators form a comprehensive basis for
evaluating the development of innovative skills of elementary school students within the framework
of robotics education. By examining these components, researchers and educators can gain valuable
information about the multifaceted impact of robotics on students' cognitive, creative, and
collaborative abilities.

Our primary research methodology involves the use of descriptive methodology, which
includes administering student surveys, interpreting survey data, and summarizing findings from the
practical implementation of innovative teaching methods. While participating in the educational
process at A. Navoi General Secondary School Nell under the Shymkent City Education
Department, we analyzed the activities of teachers through documents, surveys, interviews,
questionnaires, and tests. It was confirmed that the innovative technologies we presented above
have shown effective results in the school's pedagogical process. These technologies not only
covered the main elements of the researched problem but also provided an opportunity to teach
primary school students and develop their innovative skills through robotics.

Results and discussion

Next, to prove the correctness of the hypothesis about teaching primary school students to
develop their innovative skills through robotics, practical-experimental work was conducted with 48
students of A.Navoi General Secondary School Nell under the Shymkent City Education
Department.

During the definition phase of the practical-experimental work, a survey, test, and cross-
sectional tasks aimed at understanding innovation, and professional activity were offered.
Analyzing the results of students' cross-sectional tasks, we present the results of the identification
phase of the experiment in the form of a diagram (Figure 1).

Determining period

B monitoring group  Mexperimental group

45

42

8 10

mn

high average low

Figure 1 — The level of development of innovative skills for elementary school students
through robotics
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The result of comparative indicators: after the experiment, the knowledge and skills of
Primary School students in robotics in the control class were 8%, 42% of middle-level students, and
33% of lower-level students. According to the experimental class - 10% higher, 45% middle, and
28% lower. It should be noted that about 33% of students in both groups could not complete the
tasks, a significant part of them were lower-class students. To solve this problem, innovative
teaching technologies were tested at the experimental stage to develop innovative professional
activities.

Table 2 — Descriptive statistics for the control period

Methodology control class experimental class
high average low high average low
1 2 3 4 5 6 7
«Robot movement» 8% 42% 33% 10% 45% 28%

Throughout the practical and experimental sessions, six lessons were conducted, integrating
innovative educational technologies into the learning process. These technologies were utilized
during discussions of new material and homework assignments. Let's explore the educational
materials involving innovative technologies used in the learning process (see picture 2).
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Picture 2 — Tasks done by students on the topic of robot movement
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However, let's talk about the tasks performed using digital resources. Students here deepen
their knowledge acquired during the lesson by performing active exercises (Figure 3).

This program is successful in providing students with knowledge on the topic by showing
them clear steps and evaluating their work at the end of the lesson. The advantages of tasks
developed using electronic means: it is confirmed that they are an effective means for interacting
with multimedia technologies and studying generalized procedures.
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Figure 3 — Tasks performed using digital resources

In addition to the reflection of students at the end of the lesson, an open questionnaire was
administered at the end of the chapter and at the end of the quarter. We have listed the survey
questions below: 1. Have you ever taken a robotics class at school?

2. Do you have fun and enjoy working with robots?

3. Did the robotics lesson give you new ideas?

4. How do you feel when working with robots?

5. Do you like working with robots?

6. Will learning robotics further develop your imagination?

During the study, students completed the questionnaire in written form. The results show that
enthusiasm in the lesson grew with each lesson.

3 . )
(9. Yo, & "2,
v L L 7 ) s A ?
Jd i a L 4L
The lesson was Some points were I still have to look.  Yes, the lesson 18 not
useful. everything is unclear. casy to learn!

clear.

There were also students who responded that they were sorry that they did not understand, but
they were in the minority.

Table 3 — Questions asked in the interview

Interview for teachers: Interview for students:
1. Do you think that introducing robaotics into the 1. Do you like robotics classes?
classroom affected the students' attendance?
2. Do you think that after the robotics lesson, what 2. Has your approach to learning changed after

changes were there in the students' level of creative and | the robotics course?
critical thinking?
3. Do you think that the relationships between students 3. What new skills do you think you acquired

changed when doing group assignments on robotics? in robotics classes?

4. Do primary school students benefit from robotics 4. In the robotics course, was it difficult for
lessons to develop their problem-solving skills? If so, you to work in a group? Did you solve the
can you give examples? problem together with your classmates?

5. Were there any difficulties in introducing robotics 5. What can you say, will robotics help you
into the educational process? better understand math or science?
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Let's give an example of the process: interview. After completing the robotics course at the
end of the school year, an interview was conducted (Table 3). Teachers and students were selected
from the experimental group. The interview for each was organized in a quiet and separate room in
order to provide a comfortable atmosphere for communication. 30 minutes were allocated for
interviews with teachers, and about 20 minutes were allocated for interviews with students. The
chosen semi-structured format for conducting interviews allowed asking additional questions for a
deeper understanding of the respondents’ answers. All interviews were recorded with the
participants' consent and later transcribed for thematic analysis. The purpose of the interview was
not only to identify the actual effects of the introduction of robotics but also to understand the
subjective perceptions of this process by teachers and students (Tables 4, 5).

Table 4 — The result of the interview with the teacher

. Frequency of Percentage of
Question Answers mention participants (%)
Impact on attendance Improved attendance 4 80%
Changes in creative activity Creativity was developed 3 60%
Changes in group relationships Improved interaction 5 100%
SDkei;/Izlopment of problem-solving Improved performance 3 60%
Difficulties in introducing a new Required additional training 2 40%
methodology
Table 5 — Results of student interviews
. Frequency Percentage of
Question Answers of mention | participants (%)
What do you like about robotics | There were interesting projects. 40 83%
Has your attitude  towards | became more motivated 30 63%
learning changed?
Have new skills appeared? | improved my programming and 35 73%
teamwork skills

Are there any difficulties in | There were relationship

e 10 21%
teamwork? difficulties
5’.06.3 robotics help in other | voc it helps with math 28 58%

isciplines?

Based on the diagnosis, analysis, and generalization of the results obtained at the control stage
of the experiment, we have identified the positive impact of innovative technologies on the
development of innovative skills in younger schoolchildren through robotics. The results of the
study showed the effectiveness of the introduction of robotics into the educational process for the
development of innovative skills in primary school students. Quantitative analysis based on the
proposed tests and questionnaires showed improvements in critical thinking, analysis, problem-
solving, and group work, as learning robotics has a positive impact on the development of these
skills. Qualitative data obtained through open questionnaires made it possible to study changes in
students. Teachers and students noted an increased interest in learning, higher motivation, and
active participation in joint projects. The thematic analysis also coincided with the results of the
quantitative analysis, identifying key areas such as the development of creative thinking and the
improvement of collaborative skills. These data lead to the conclusion that robotics training
contributes to the development of innovative competencies necessary for successful adaptation to
modern requirements.
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The interview was conducted in a semi-structured format, which allowed for additional
questions to be asked if needed to gain a deeper understanding of the respondents' answers. All
interviews were recorded with the participants' consent and later transcribed for thematic analysis.
The goal of the interview was not only to identify the specific impacts of the introduction of
robotics but also to understand the subjective perceptions of this process by teachers and students.

After conducting an experiment in the field of robotics, primary school students increased
their levels of innovative skills, this indicator was summarized as a result. Also, this judgment is
confirmed by the effectiveness of the experiment. The forecasts of the research work were justified.
For the development of robotics skills in primary school students, the introduction of innovative
technologies gave the desire for innovation and the need for professional and personal growth.

Conclusion

In summary, it is effective to introduce robotics education in primary schools to develop
students’ innovative skills. Students develop their critical thinking, creativity, collaboration, and
communication skills through hands-on experiences through programming and problem solving
with robots.

Analyzing the various studies reviewed in this article, it is clear that robotics has a positive
impact on primary school students’ cognitive development and academic performance. In addition,
this approach has proven effective in increasing interest in lifelong STEM subjects, increasing
children’s enthusiasm and engagement in learning robotics.

Also, significant resources are needed to successfully implement educational robotics in
primary schools, such as qualified teachers, access to robotics kits, and a supportive learning
environment. These resources will ensure that education is inclusive and accessible to all students.

We conclude that further research is needed to assess the long-term impact of educational
robotics on students’ academic paths. Because to maximize the potential of robotics in preparing
future problem-solving innovators, innovative teaching methods and curricula need to be
developed.
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