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INCREASING STUDENTS " INTEREST IN THE SUBJECT OF PHYSICS BY
INTEGRATING THE SCIENCE OF ROBOTICS

Abstract. The rapid advancement of technology has significantly influenced the field of
scientific research and innovation. This includes various areas such as robotics, physics, integration,
and the application of knowledge. Designing experiments to test and analyze the impact of these
advancements requires careful consideration. This study was conducted in the Almaty region of
Kazakhstan, specifically in the 8th grade at Aset Beyseuov schools, to assess the learning outcomes
of students in robotics in the 2022-2023 academic year. The participants were selected based on the
school's curriculum and were part of a specialized cluster for robotics education. Following the
eighth session, a questionnaire based on Torranstyn's study (1979) was administered to gather data
on variables such as intrinsic motivation, student engagement, innovations, and career aspirations.
As a result, 10 different tests and physics-related robotic construction activities were conducted.
Covariance analysis was utilized to analyze the data. The findings of the study revealed a positive
correlation between robotics education and students' academic progress in physics.
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PoGoToTeXHUKA FHUIBIMBIH KipIKTipy apKbLIbI OKYIIBLIAPALIH (U3MKA MIHIHE IereH
KBI3BIFYIIBLIBIFBIH APTTHIPY

AnpaTrna. TexXHOJOTHSHBIH KapKBIHIBI JaMybl FBUIBIMH 3€pTTEYJICp MEH HHHOBAIUsIIAp
cajacblHa aWTapibIKTalk ocep erTi. byraH poOoToTexHWKA, (U3MKA, WHTETpAlMs KOHE OLTIMII
KOJIIaHy CHUSIKTBI opTypdii cananap Kipeai. Ochbl XKETICTIKTEpiH SCepiH ChlHAY jKOHE Taljay YIIiH
AKCIIEPUMEHTTEP/II KoOallay MYKUST Kapayabl Tanan ereni. byn 3eprrey KazakctaHHbIH AJIMaThI
oOMBIChIHIA, aTam aiTkaHga OceT beiiceyoB aThiHAAaFbl MEKTeNTepAiH 8-ChIHBIObIHAA 2022-2023
OKY KbUIbIH/a POOOTOTEXHUKA IMOHIHEH OKYIIBUIAPJBIH OKY HOTHXKeNepiH Oaranay MakcaTbIHIA
xyprisunai.  Kareicymsimap MeKTENTiH OKy OaFjapiaMachl  HETi3iHAE TaHAAIAbl  JKOHE
poboToTexHHKa OoMblHIIA OuTiM Oepy OOMBIHIIA MaMaHJAHJBIPBUIFAH KiIacTepAiH Oip Oesiri
6omp1. Ceri3iHmni ceccHsiiaH KeWiH 1IKi MOTHUBALUS, CTYACHTTEPAIH OelCeHAUTIr, HHHOBALMIIAp
KOHE MAaHCANTBIK TAJIMBIHBICTAD CHAKTHl alHbIManbulap OOWBIHINA JepeKTepAl KUHAy YIUiH
ToppaHcTuHHIH 3epTTeyiHe HeridaenreH cayanHama (1979) xypridinmi. Hotwxkecinae 10 Typmi
ChIHAKTap MeH (u3ukara OalJaHBICTBI POOOTTAHIBIPBUIFAH KYPBUIBIC MKYMBICTAphl KYPTi3uiai.
Jlepektepai Tangay YIIIH = KOBapUAHTTBIK Tajjay KOJIJAHbUIABL.  3epTTey  HOTHIKeNepi
poOoToTexHHKa OOMBIHIIA OUTIM MEH CTYIEHTTEpAiH (HU3UKAJaFbl OKY YJIrepiMi apachlHAAFbl OH
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IloBbIlIeHNE NHTEPECA YUALUXCHA K MpeaMeTy GU3UKA 32 CHeT HHTErPallui HAYKH
po0OTOTEXHUKH

AHHoTanus. beicTpoe pa3BUTHE TEXHOJIOTUN CYILIECTBEHHO MOBIIUSIO Ha 00JaCTh HAYYHbBIX
uccreoBanuii 1 wHHOBanmid. Croma BXOJAT pa3inyHbIe 00JacTH, TakhMe Kak pPOOOTOTEXHUKA,
¢du3nka, MHTErpaIys u NMpIMEHEeHHe 3HaHui. Pa3paboTka IKCIIEPIMEHTOB JIJIsl TIPOBEPKU W aHATN3a
BIUSHUS O3TUX JIOCTH)KEHHUH TpeOyeT TIIATeNbHOrO paccMoTpeHus. JlaHHoe wuccieoBaHue
MPOBOIMIIOCH B AnmMaTuHCKOM oOnactu Kazaxcrana, a MeHHO B 8 Kiiacce IIKOJIBI MMEHU AceTa
BeiiceyoBa, ¢ IebI0 ONEHKU PE3yJbTATOB OOYYCHHS ydaIuxcs 1mo podotorexaumke B 2022-2023
y4eOHOM rojay. Y4YacTHMKH ObUIM OTOOpaHbl Ha OCHOBE WIKOJBHOM MpOrpamMMmbl U BXOJWIA B
CHelHaTM3UpOBaHHBIA KiacTep 1Mo oOydeHuio pobOoToTexHuke. [locie BochMoil ceccuu Oblia
WCIIOJIb30BaHA aHKETa, OCHOBaHHAs Ha wccienoBanuu Toppanctuna (1979), ans cbopa gaHHBIX O
TaKUX MEPEeMEHHBIX, KaK BHYTPEHHSSI MOTHBAIMS, BOBJIEYEHHOCTh CTYJEHTOB, WHHOBALIUU H
KapbepHble ycTpemyieHUsa. B pesynmbTate ObUTO mpoBeAeHO 10 pasIuyHBIX MCTIBITAHUA H
POOOTOCTPOUTETBHBIX PAOOT, CBsA3aHHBIX C (U3WKOW. JlJIs aHanmm3a JaHHBIX HCIIOJIB30BAJICS
KOBApUAIlMOHHBIM aHau3. Pe3ynpTaThl HCCIEAOBaHUS BBISBIIN TOJO0KHUTEIbHYIO KOPPEISIHIO
MEXIy 00ydeHHEeM POOOTOTEXHUKE M YCIIEBAEMOCThIO CTY/IEHTOB IO (hH3HKE.

KuroueBble cjioBa: o0ydeHre poOOTOTEXHUKE, TBOPUECTBO, 00pa30BaHue, CTYICHTHI, (DU3HKa.

Introduction

The subject of physics has often been perceived as challenging and uninteresting by students,
particularly girls. However, recent research suggests that integrating the science of robotics into
physics education can be an effective strategy for increasing students' interest in the subject. This
study aims to synthesize the findings from various studies to explore the impact of integrating
robotics on students' interest in physics. Today, the science of robotics is a promising area that is
leading to human life. Students are growing up in a completely different world from the world of
their parents and grandparents. To succeed in today's "creative society," students must learn to
think creatively, plan systematically, analyze critically, and continue learning [1].

Robotics science is closely related to such school subjects as computer science, physics, and
mathematics. Among these disciplines, the programming of robot-equipped devices (Motors and
sensors) belongs to the field of physics. When creating programs, it is necessary to understand the
essence of the sensor operation (the physical laws on which its operation is based), consider the
measurement inaccuracies of the sensor, etc. Physics as the scientific basis of technology is
constantly in the lead, because the most important areas of technical progress are based on it. The
most important sections of Physical Science for robotics are mechanics and electronics.
Mathematics as a means of scientific knowledge contributes to solving problems related to angles,
degrees, coefficients and proportions in robotics in education. Together, physical and mathematical
knowledge allows you to calculate the trajectory of the robot's movement and find the values of
physical quantities [2].
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To increase the student's interest by integrating physics with robotics, you must first learn
what integration is. Generally speaking, the integration it has to do with the creation of a larger unit
from smaller units, just as it happens with the inverse calculation of a mathematical derivative or
with new concepts that introduce them into already established knowledge. Integration in education
(usually associated with the beginning of schooling) is a series of procedures and rules that aim to
adapt the child to the community and learning process. It considers their family, social and
economic conditions, through case studies, monitoring of progress, and various types of learning
incentives. This is a complex dynamic, especially in special educational situations for various
reasons. The integration of education is to discover the basic or majority model of formal education
considering the individual needs of each child, thus capturing and recovering those who are more
likely to drop out of school.

The integration of educational technologies into teaching and learning processes has become
a significant focus in the field of education worldwide. E-learning, as the most widely used form of
information and communication technologies (ICT), has introduced a new dimension to educational
practices at both basic and advanced levels [3; 4; 5]. Modern technologies play a crucial role in
enhancing students' skills, knowledge, and motivation to learn [6]. In our current education system,
there is a growing emphasis on utilizing technology to improve the quality of education and
cultivate individuals with creative thinking, problem-solving abilities, and the capacity to overcome
challenges through innovative ideas [7].

One technology that has revolutionized the world is robotics, which can serve as an
engaging platform for learning various subjects, including computers, electronics, mechanical
engineering, and languages [8]. Studies have shown that young children perform better on exams
and display increased interest when language learning involves interaction with a robot compared to
traditional methods such as audiotapes and books [9]. The positive effect is often attributed to the
"embodiment" and physical presence of robots, which make programming outcomes visible and
provide continuous formative assessment of learning progress, thereby encouraging students'
engagement. In light of these findings, educational institutions in developing countries have
recently made efforts to introduce theoretical approaches, presentation-based lectures, and robotic
activities to enhance the quality of teaching and learning [10].

Robotics, encompassing the design, construction, launch, and operation of robots, offers a
diverse and widespread field that caters to the curiosity and diverse-seeking tendencies of
adolescent students [11]. There are numerous recommendations for integrating robotic systems into
school education, as learning through robotics creates an active and interactive learning
environment that emphasizes student participation. Thus, the use of robotic training technology in
the school curriculum can enrich the achievement of educational goals through innovative and
modernized teaching methods [12]. Due to its interdisciplinary nature, robotics presents an
attractive approach to education, requiring expertise in mathematics and aesthetics. Mathematics
strengthens students' problem-solving and creative thinking skills, making robotics an effective tool
for developing these cognitive abilities [13]. However, the adoption of technological advancements
in education, especially robotics-mediated education, remains limited. This is primarily due to
factors such as a lack of technology-based educational thinking, inadequate infrastructure in schools
to support robotics training workshops, the inability to design and produce robotic components
within the country, and the high costs associated with implementing such an educational approach
in schools.

Creativity, defined as the generation of new ideas and innovative products, is considered a
fundamental cognitive characteristic of humanity. It involves problem-solving, idea generation,
conceptualization, artistic expression, theorizing, and the production of unique creations [14].
Creativity is a developmental process characterized by innovation, adaptability, and self-realization,
enabling individuals to find solutions to problems. While intelligence is associated with creativity,
surveys have shown that a certain level of intelligence alone is insufficient. Individuals with
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average intelligence can exhibit pronounced creativity, as creativity is nurtured through effective
training and learning experiences [15].

Research methods

The advancement of technology has significantly contributed to the expansion of knowledge
in various fields, including robotics, physics, integration, and their practical applications. In this
context, the design of experiments plays a crucial role in assessing and understanding the impact of
these advancements. During the academic year 2022-23, a study was conducted in the Almaty
region of Kazakhstan, specifically in a village called Kyzynagash, involving 112 male and female
students from 8th grade at Ata and Ayel schools. These schools were selected based on their
inclusion of robotics education in their curriculum. The participants were chosen through a cluster
sampling technique to ensure representative samples from different geographical zones within the
study area, including North, South, Central, East, and West.

The study employed a quasi-experimental design with pre-test measurements and utilized
keywords derived from previous research, such as Torranstyn's study (1979). The questionnaire
used in the study covered topics related to intrinsic motivation, self-efficacy, innovations, and
interests, encompassing approximately 60 survey items. Additionally, ten tests and activities related
to robotics and physics, such as constructing robotic devices, were conducted. To analyze the
collected data, covariance analysis was applied. The results of the study revealed the positive
influence of robotics education on students’ motivation and their subsequent performance in
physics. To evaluate students' creative abilities, the Torrance Creative Survey (1979) was
employed. It encompassed four dimensions: turnover, adaptability, innovation, and detailed
explanations. The survey consisted of 60 items presented on a Likert scale with 3 response options.
Torrance (1979) developed and validated the survey, demonstrating robust psychometric properties.
Abedy (1993) reported a total validity of 27% for the test, with liquidity validity at 9%, adaptability
at 13%, innovation at 15%, and interpretation measurement at 24% [16]. These coefficients were
statistically significant at a 5% level. The survey exhibited high reliability, with a Cronbach’s alpha
coefficient of .96, indicating its strong consistency. Scores on the questionnaire ranged from 60 to
180, with higher scores indicating greater creativity.

Moreover, a 10-item test was utilized to assess students' progress. The test's validity was
confirmed by two examiners experienced in teaching physics and a dedicated teacher. The questions
displayed an average complexity index of 92.69 and a severity index of 91.73, indicating
appropriate levels of difficulty and discrimination. As part of the research tools, a comprehensive
package of robotic design trainings was provided. This package included a full set of tools for
creating a rescue robot and consisted of 8 lessons during which students were instructed in the
utilization of these tools to construct a rescue robot. The accuracy of this training package was
verified by technical experts from the Department of Education, and its reliability was assessed
under the supervision of experts from the Ministry of Education.

Implementation approach, Education and Information Technologies

To carry out the test and balance the control and experimental groups, we divided the two
groups of male and female students of 60 people equallyvaccording to their marks at the school,
they were divided into two groups of 28 students vassessment cards. One group was defined as a
control group and the other as a control group experimental. Thus, two control groups (n = 28 for
each) and two experimental groups were formed groups (for each n = 28). In addition, the physics
teacher it was one person. Robotics specialists with a bachelor's degree in electronics from Almaty
university, whose specialty is devoted to the development of robotics, the development of robots,
the creation of Applied tools and programming. These specialists can study the development of
programs for ARM and AVR architectures, in some cases using robotic systems, electronic systems,
and microcontrollers.

Table 1. Eighth sessions
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The materials were taught by a physics teacher (common to all four groups). Each lesson
lasted 50 minutes. In each lesson, after the theoretical presentation of the materials, discussions
were held with practical examples and the robotics teacher with the participation of a physics
teacher taught students to create robots according to the content of the textbook. The students also
created robots in collaboration with and using one another knowledge gained in physics lessons
during eight lessons. The order of the Sessions was as follows (Table 1).

After the end of the eighth sessions, when the training on the creation of robots is completed,
students were given a Torrance creative questionnaire to measure their creativity and the level of
training. They filled out the questionnaire items in 80 minutes. In addition, the control a group that
studied physics in eight lessons using traditional lessons teaching methods, Torrance completed the
creative scale and learning level test 80 minutes at the end of the eighth session.

Table 2. Descriptive statistics for the research variables before and after robotics training

Groups Variables Means after instruction Means before instruction
Mean SD Mean SD

Creativity 46.1 30. 5 .32
111 29.0 20.3 84.1

Learning 14.15 72.1 51.19 75.2
60.14 91.2 49.16 37.1

From the selected study sample, 56 (50%) of the participants were placed in the control
group, while 56 (50%) of the participants were placed in the experimental group. In terms of age
distribution, 27% of the participants were 11 years old, 41% were 12 years old, and 32% were 13
years old (Table 2). Descriptive statistics for the research variables were classified according to the
research groups.

The average and standard deviation of training indicators (according to Table 1) showed that
the creativity of students in a robotics-based classroom was higher compared to the Mean and
standard deviation of creativity performance in their non-robotics-based classroom. Evaluation of
the standard deviation before guidance was conducted to address the research hypothesis. The
ANOVA method was employed to answer the research hypothesis in the study. The ANOVA
results are presented in the following sections.

Examining ANOVA assumptions to implement ANOVA

Normality of the data:

Based on the analysis presented in Table 3, all p-values for the research variables were
found to be greater than 0.05. These results indicate that the data distribution was deemed to be
normal, as the null hypothesis could not be rejected. Therefore, parametric tests were employed for
hypothesis testing in the research.

Table 3. Results of Normality of the Research Variables

One-Sample Kolmogorov-Smirnov Test

Creativity (pre-test) Creativity (post-test) Learning (pre-test) Learning (post-test)

Kolmogorov-Smirnov Z .832 1.034 801 152
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Asymp. Sig. (2-tailed) 481 231 456 512

a. Test distribution is Normal

Education and Information Technologies

1. Equivalence of ANOVA assumptions

Statistical index F dfl df2 Sig.
Learning 002/0 1 118 96/0
Creativity 13/0 1 118 71/0

Based on Table 3, the obtained F value did not reach statistical significance. Consequently, we
can assume that the variances are equal, and therefore, the use of covariance is appropriate. The
existence of the homogeneity hypothesis (regression) is shown in the Table 4.

Table 4. Results of regression analysis for homogeneity hypothesis, regression slopes of learning
and creativity variables in the experimental groups

Source Type 111 Sum of Squares  Df Mean Square F Sig.
Group learning effect 34/38 1 34/38 18/1  28/0
Group creativity effect ~ 24/831 26 97/31 45/2  12/0

Based on the data provided in the preceding table, the bidirectional effect between the pre-test
and the group was found to be statistically non-significant.

1. Hypothesis 1: Robotic training has no effects on the creativity of the 11th grade
students in physics (Table 5).

Table 5. Summary of ANCOVA results for creativity in control and experimental groups while
excluding the bidirectional effect

Source Type 111 Sum of df Mean Square  F Sig. Partial Eta
Squares Squared

Pre-test 18.680 1 18.680 66.884 .000 .364

group 1.835 1 1.832 6.564 012 553

Error 32.684 117 279

Total 1624.144 120

Corrected 70.872 119

Total

Table 6. Pairwise Comparisons

(D) Group (J) Group Mean Difference  Std. 95% Interval for
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(1-J) Error Confidence Differencea

experimental  control .295* 115 Lower Bound  Upper Bound
012 .067
Control experimental ~ —.295% 115 012 —-.522

The mean difference is at the .05 level (Table 6). According to the information provided in
the preceding table, (F (1, 120) = 6.56, p = 0.012, Eta = 0.55), a significant difference was observed
between the experimental and control groups in terms of creativity posttests. This indicates that
there is a noteworthy disparity in the creativity levels of the two groups after the intervention. The
effect size, Eta, is calculated to be 0.55, suggesting that approximately 55% of the improvement in
creativity within the experimental group can be attributed to the impact of robotics-based
instruction. Based on these findings, it can be inferred that robotic-based instruction has the
potential to influence the creativity level of 8th-grade students.

Adjustment for multiple comparisons: Bonferroni

The results of the Bonferroni analysis revealed a statistically significant diference in the
creativity levels of the students between the control and experimental groups following the
implementation of robotic-based instruction (p < 0.05).

2. Hypothesis 2: Robotic training does not affect the learning of the 8th grade
students in physics (Table 7).

Table 7. Robotic training

Source Type 11 Sum of df Mean Square  F Sig Partial Eta
Squares Squared

Pre-test 173.612 1 173.612 105.625 .000  .473

Group 133.895 1 133.895 81.462 .000 .411

Error 192.306 117 1.644

Total 39561.000 120

Corrected  644.992 119

Total

a. R Squared = 702 (Adjusted R Squared = 697)

Table 8. Balanced means for the research groups and standard error and lower and upper bounds

() group (J) group Mean Difference Std. Error Sig.a  95% Confidence Interval

(1-J) for
Differencea
experimental control 2.232* 247 .000  Lower Bound Upper
Bound
1.742 2.721
Control experimental 2.232* 247 000 —2.721 —1.742
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The mean difference is significant at the .05 level (Table 8). According to the data presented
in the table above (F (1, 120) = 81.46, p = 0/000, Eta = 0.41), a reliable difference was observed
between the experimental and control groups. This indicates a significant discrepancy between the
two groups in terms of the measurable variable. The magnitude of the effect, Eta, is estimated to be
0.41, which is about 41% of the improvements observed in the experimental group. Indicates that it
can be attributed to the robot-based learning report. Thus, based on these results, we can conclude
that robot-based learning affects the results of 8th grade students ' training in physics.

Results and discussion

Based on the findings of the research, it is evident that the incorporation of robotics training
positively impacts students' creativity and their learning outcomes, particularly in the field of
physics. Engaging in collaborative and group-oriented activities during robotics training offers
students valuable opportunities to enhance their creative thinking and problem-solving abilities. The
study conducted by [17; 18, 19] supports these conclusions.

The research indicated that students who participated in robotics training displayed notable
improvements in various aspects related to creativity, including the fluidity of ideas, flexibility in
thinking, innovative approaches, and the ability to provide detailed explanations. The hands-on
nature of robotics training enables students to apply their creative thinking skills while designing
and constructing robots, fostering their ingenuity and attention to detail. Additionally, the verbal
communication and collaborative work involved in robotics training contribute to the development
of leadership qualities, social engagement, effective communication across diverse platforms and
media, as well as the ability to work efficiently within a team.

Hong and Lin-Siegler (2012) demonstrated that the integration of robotics significantly
increased students' interest in physics [18]. This finding highlights the potential of robotics as a tool
for making physics more engaging and relevant to students. By providing hands-on experiences and
real-world applications, robotics can capture students' interest and motivate them to explore the
principles of physics in a practical and meaningful way [18; 20].

Knowledge Gaps and Future Research Directions

While the existing research provides valuable insights into the impact of integrating robotics
on students' interest in physics, there are still some knowledge gaps that warrant further
investigation. Firstly, the majority of the studies conducted in this area have focused on the effects
of robotics integration on girls' sense of belonging and interest in physics. Future research should
aim to explore the impact of robotics on boys' interest in the subject as well, as to gain a
comprehensive understanding of its effects on all students.

Furthermore, the existing research primarily focuses on the immediate impact of robotics
integration on students' interest in physics. Future studies could investigate the long-term effects of
robotics integration, examining whether the increased interest and engagement translate into
sustained motivation and pursuit of physics-related careers. This would provide valuable insights
into the potential of robotics as a catalyst for long-term interest and involvement in the field of
physics.

Additionally, while the existing research highlights the positive impact of integrating
robotics on students' interest in physics, the specific mechanisms through which this impact occurs
remain unclear. Future research could delve deeper into the underlying processes and factors that
contribute to the increased interest, such as the role of hands-on experiences, problem-solving skills,
and the integration of real-world applications. Understanding these mechanisms would enable
educators to design more effective robotics-integrated physics curricula and instructional strategies.

Conclusion
To sum up, these findings emphasize the significance of incorporating innovative teaching
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methods such as robotics training to enhance students' creativity and learning outcomes. By
providing a stimulating and interactive learning environment, robotics training contributes to the
holistic development of students and equips them with the necessary skills to thrive in the modern
world. Integrating robotics into students' education has been shown to enhance creativity and
stimulate new ideas. Robotics serves as a prime example of project-based learning, enabling
students to create tangible outcomes based on their tasks. It teaches students how to transform
disappointments into innovative solutions and equips them with the ability to tackle more complex
problems. Additionally, robotics training not only enhances problem-solving skills but also fosters
intellectual growth, prepares students for future job opportunities, and promotes teamwork and
collaboration.

Moreover, research findings indicate that the effectiveness of robotics training on students’
creativity remains consistent across genders. This suggests that gender does not influence the
impact of robotics training on creativity, as both male and female students benefit equally. Teaching
robotic structures enhances students' attention and establishes connections between physics lessons
and real-life issues. It promotes active participation in learning, utilizes visual methods and
organizers, establishes conceptual coherence, facilitates repetition and practice, encourages material
exploration and discussion, and makes learning meaningful to students. These strategies contribute
to an improved understanding of physics concepts. However, the present study had several
limitations, including the need for high-capacity laptops and increased internet bandwidth, limited
access to scientific resources, filtering restrictions, lack of parental awareness regarding the
significance of robotic tournament certificates, geographical and educational constraints, costs
associated with advanced workshop equipment, and unavailability of original software.

In light of these findings, it is recommended to incorporate robotics into the curriculum to
enhance students' problem-solving and creative skills. The curriculum should provide opportunities
for students to experience a sense of accomplishment through problem-solving and collaborative
construction of robotic structures in small and large groups. Additionally, schools should establish
robotics workshops and employ professional instructors, engineers, and experts to organize robotics
classes in primary and secondary schools. Furthermore, it is suggested to provide incentive
programs for students who excel in robotics competitions. Future research should explore the
effects of robotics on learning skills and students' creativity in other educational levels, including
elementary schools. Comparative studies can also be conducted to leverage the experiences of other
countries in this domain.
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