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ANALYSIS OF THE
METHODOLOGY FOR
DEVELOPING STUDENTS’
CREATIVE THINKING
COMPETENCE USING
ARTIFICIAL INTELLIGENCE
TOOLS BASED ON
Toseratsnenunvesys  STEAM EDUCATIONAL
T TECHNOLOGIES ORCID: 0009-0008-6312-4090

Abstract: This article analyzes the methodology for developing students’ creative thinking competence using artificial
intelligence (Al) tools based on STEAM (Science, Technology, Engineering, Arts, Mathematics) educational technologies.
The study involved a survey conducted among STEAM subject teachers and students to examine the impact of Al tools
on creative competence. As a scientific novelty, an Al-based STEAM methodology was proposed, and an empirical study
was carried out in schools across 12 regions of Uzbekistan. The results showed that the integration of STEAM and Al
increases creative thinking by 35-45%.

STEAM education, artificial intelligence, creative thinking, competencies, methodology, pedagogical research.

Annotatsiya: Ushbu maqolada STEAM (Science, Technology, Engineering, Arts, Mathematics) ta’lim texnologiyalari
asosida sun’iy intellekt (Sl) vositalaridan foydalanib o‘quvchilarning kreativ fikrlash kompetensiyasini rivojlantirish meto-
dikasi tahlil gilinadi. Tadgigot doirasida STEAM fanlari o‘gituvchilari va o‘quvchilari o‘rtasida sun’iy intellekt vositalarining
kreativ kompetensiyaga ta’sirini aniglash magsadida so‘rovnoma o‘tkazildi. limiy yangilik sifatida sun’iy intellekt asosidagi
STEAM metodikasi taklif etildi hamda O‘zbekistonning 12 ta hududidagi maktablarda empirik tadgigot amalga oshirildi.
Natijalar STEAM va sun’iy intellekt integratsiyasi kreativ fikrlash darajasini 35-45 % ga oshirishini ko‘rsatdi.

STEAM ta’limi, sun’iy intellekt, kreativ fikrlash, kompetensiyalar, metodika, pedagogik tadgiqot.

AHHOTaumA: B gaHHON cTaTbe NpeacTaBneH aHanu3 METOANKM Pa3BUTUS KPEATUBHOIO MbILLIIEHUS YYaALUMXCS C UCMOSb-
30BaHMEM MHCTPYMEHTOB MCKycCTBEHHOro MHTennekTa (M) Ha ocHoBe obpasoBaTtenbHbix TexHonornin STEAM (Science,
Technology, Engineering, Arts, Mathematics). B xone nccnepgosanus 6611 nposegéH onpoc cpeam yuntenen STEAM-guc-
LMMIWH 1 yYaLMXcs C LEenbo U3yYeHUs BNMAHUSA MHCTPYMEHTOB I Ha pasBuTueE KpeaTMBHOW KOMMETEHTHOCTU. B kaye-
CTBE Hay4yHOW HOBU3HbI NpeanoxeHa metoguka STEAM c mcnonb3oBaHvem U, a Takke npoBedeHO aMnMpuyeckoe
uccnegoBaHve B Wwkonax 12 pernoHoB Y3beknctaHa. Pesynbratbl nokasanu, 4to nHterpauna STEAM n WU noBbiwaet
YPOBEHb KPEATMBHOIO MbILLNEHNS Ha 35-45 %.

STEAM-o06pasoBaHne, NCKYCCTBEHHBIN MHTENNEKT, KpeaTVBHOE MbILUMEHNE, KOMNETEHLUN, METO-
AviKa, negarornyeckoe nccnegoBaHve.

In modern education, developing students’ creative thinking competence remains a pressing issue. STEAM
educational technologies-integrating Science, Technology, Engineering, Arts, and Mathematics-enhance
students’ problem-solving abilities, creative solution-finding, and multidimensional thinking skills. In the 2020s,
the integration of artificial intelligence (Al) tools into the educational process has elevated the STEAM meth-
odology to a new level. Through Al applications such as coding, robotics, virtual laboratories, simulations, and
generative design, the opportunities for developing students’ creative competence have significantly increased.

According to the Resolution of the President of the Republic of Uzbekistan dated June 15, 2023, “On Addi-
tional Measures for the Widespread Use of Digital Technologies in the Educational Process,” the expansion of
STEAM education and the use of Al tools have been emphasized. This resolution highlights the relevance of
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experimentally studying the integration of STEAM + Al in developing the creative competence of students in
Grades 7-9.

Research objective: To improve and empirically analyze the methodology for developing students’ creative
thinking competence through the use of artificial intelligence tools based on STEAM educational technologies.

Research objectives:

1. To analyze the theoretical foundations of the impact of STEAM education and Al tools on creative compe-
tence;

2. To propose a STEAM + Al methodology for Grades 7-9;
To conduct surveys and experiments in schools in Uzbekistan;

4. To perform a statistical analysis of the results and draw conclusions based on the scientific novelty.

Georgette Yakman (2008) defines STEAM education as an interdisciplinary model that integrates Science,
Technology, Engineering, Arts, and Mathematics to promote creativity, innovation, and problem-solving skills.
According to Yakman, the integration of these disciplines enables students to connect theoretical knowledge
with real-world applications.

Rodger W. Bybee (2013) emphasizes that STEAM education develops students’ scientific inquiry, engi-
neering design, and critical thinking skills through interdisciplinary learning and authentic problem-solving activ-
ities.

E. Paul Torrance (1974) identifies fluency, flexibility, originality, and elaboration as the fundamental dimen-
sions of creative thinking. His model remains one of the most widely used frameworks for assessing students’
creative competence.

Wayne Holmes et al. (2022) argue that artificial intelligence can personalize learning, enhance creativity,
and improve students’ higher-order thinking skills when integrated into educational practice.

UNESCO (2023) highlights that the responsible use of artificial intelligence in education supports the
development of twenty-first-century competencies, including creativity, collaboration, and digital literacy.

The STEAM education program originated in the United States in the 1990s under the name “SMET”
(Science, Mathematics, Engineering, and Technology). In 2006, Arts was added, and the program was trans-
formed into STEAM. The main principles of STEAM include:

1. Ensuring interdisciplinary connections and integration;

2. Applying theoretical knowledge in practice to solve real-life problems;

3. Developing new and effective solutions based on innovative approaches;

4. Analyzing complex problems from multiple perspectives and fostering multidimensional thinking.

In Uzbekistan, STEAM education began in 2018 with the introduction of the Concept for the Development
of STEAM Education. Currently, STEAM subjects are taught in more than 500 schools across 12 regions.

The use of Al tools in education includes the following:
Coding Al: Google Colab, Python programming, TensorFlow;
Robotics Al: LEGO Mindstorms, Arduino, Raspberry Pi;
Virtual laboratories: PhET, Labster, Virtual BioLab;
Simulation: MATLAB Simulink, ANSYS, Blender;

o k0 Dbd =

Generative design: AutoCAD Generative Design, Fusion 360.

Al tools influence creative competence in the following ways:

—

Problem-solving: Al algorithms enable effective problem-solving;
2. Creative solutions: Generative design tools facilitate the development of innovative solutions;

3. Multidimensional thinking: Simulations support the development of multidimensional thinking skills.
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Figure 1: Creative Thinking Competence
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Figure 2: Components of Creative Thinking Competence
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This study was conducted using a mixed-methods approach, incorporating both experimental and survey
(questionnaire)-based research designs. The research aimed to comparatively analyze the effectiveness of the
STEAM and STEAM + Al methodologies in developing students’ creative problem-solving skills.

Within the scope of the study, participants were divided into two groups:

1. Experimental group (Group X) - students educated using the STEAM + Al methodology (n = 300);

2. Control group (Group N) - students educated using the traditional STEAM methodology (without artificial
intelligence) (n = 300).

Additionally, data were collected through a survey during the research process. A total of 750 respondents
participated in the survey, including 150 STEAM subject teachers and 600 students in Grades 7-9. The study
was conducted in general secondary schools across 13 administrative regions of the Republic of Uzbekistan
(Andijan, Bukhara, Fergana, Jizzakh, Khorezm, Namangan, Navoi, Kashkadarya, the Republic of Karakalpak-
stan, Samarkand, Syrdarya, Surkhandarya, and Tashkent). The study was conducted from September 2025 to
May 2026, covering a period of 9 months.

The survey instrument was developed based on STEAM subjects and included 10 questions for each
subject (a total of 50 questions). The questionnaire consisted of Likert-scale items (rated from 1 to 5) as well
as open-ended questions, allowing for an in-depth analysis of respondents’ perspectives. This methodology
ensured the reliability of the research findings and enabled a comprehensive evaluation of the impact of the
STEAM + Al approach on educational effectiveness.

In this study, experimental work was organized to determine the impact of the STEAM + Al methodology
on students’ creative thinking and problem-solving competencies. During the research process, the educational
activities were structured based on an integrated interdisciplinary approach.

The STEAM + Al methodology was implemented across the following domains:

1. Science: Virtual laboratories (PhET platform) and artificial intelligence-based simulation tools were utilized
in the learning process. This approach facilitated the development of students’ inquiry-based learning skills
and scientific analytical abilities.

2. Technology: Programming fundamentals (Python) were integrated with Al-based generative design tools,
contributing to the enhancement of students’ algorithmic thinking and their ability to develop innovative
solutions.

3. Engineering: Engineering skills were developed through the integration of robotics (LEGO platform) and
artificial intelligence components, enabling students to solve practical engineering problems.

4. Arts: Students’ aesthetic perception and creative thinking were fostered through generative design using
Blender software, along with the application of Al tools for creating digital art elements.

5. Mathematics: MATLAB software and Al-based mathematical models were employed to develop students’
skills in analyzing and modeling complex problems.

The experimental study was conducted over a period of 9 months. Each month, four integrated STEAM +
Al lessons were organized. These sessions allowed students to reinforce their theoretical knowledge through
practical activities. To evaluate the effectiveness of the study, pre-test and post-test assessments were
conducted. These tests were designed to measure students’ levels of creative thinking, problem-solving abili-
ties, and competence in applying interdisciplinary knowledge. The results obtained at the beginning and at the
end of the experiment were compared, and the effectiveness of the STEAM + Al methodology was assessed
through statistical analysis. This approach contributed to the development of students’ independent thinking,
fostered innovative approaches, and enabled the effective integration of modern digital technologies into the
educational process.

Modern statistical methods were employed to analyze the results of this study. During the statistical anal-
ysis, both parametric and non-parametric tests were applied to ensure the reliability of the data and the accu-
racy of the results. The primary statistical methods used in the study were the Mann-Whitney U test and
Student’s t-test. The Mann—-Whitney U test was applied to assess differences between the experimental and
control groups in cases where the data did not follow a normal distribution. This test made it possible to deter-
mine statistically significant differences between the results of students taught using the STEAM + Al method-
ology and those taught using the traditional STEAM approach.
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Student’s t-test, on the other hand, was used to compare the mean values between groups when the data
approximated a normal distribution. This test enabled the analysis of differences between the pre-test and
post-test results of the experimental and control groups. Statistical calculations were carried out using SPSS
28 and Microsoft Excel. SPSS was utilized to compute descriptive statistics, including mean values, standard
deviations, and variances, as well as to test the research hypotheses. Microsoft Excel was used to organize the
initial data and create tables and graphical representations.

The level of statistical significance in the study was set at p < 0.05. This indicates that if the calculated
p-value was less than 0.05, the results were considered statistically significant. Otherwise, the observed differ-
ences were interpreted as random. Furthermore, to ensure the reliability of the findings, the pre-test and post-
test results were compared, and the growth dynamics were evaluated based on percentage indicators. The
obtained results were presented in the form of tables and graphs, allowing for a comprehensive analysis of the
effectiveness of the STEAM + Al methodology. This statistical approach ensured the scientific validity of the
research findings and enabled an accurate and reliable assessment of changes in students’ creative thinking
and problem-solving competencies.

Table 1: The Impact of Artificial Intelligence Tools on Interest in Subjects and Creative Competence.

. Al vositalari reytingi Kreativ kompetensiyaga ta’siri STEAM+AI darslar reytingi
Fan (Subject) (1-5) yting p(1_5) yag (1-5) yting
4.2 4.1 4.3

Science

Technology 4.5 4.4 4.6
Engineering 4.3 4.2 4.4
Arts 4.0 3.9 4.1
Mathematics 41 4.0 4.2

Overall Mean Score: 4.2 /5.0
Teachers Surveyed (n = 150)

Table 2: Survey Results on Al Tools in STEAM Education

vesi) | Partaly 0| o9

Are Al tools used in STEAM lessons? 68% 22% 10%
Do Al tools enhance creative competence? 75% 18% 7%
Does the STEAM+AI methodology improve teaching? 82% 12% 6%
Are Al equipment available at school? 45% 30% 25%
Do teachers need professional development? 90% 8% 2%

According to the survey results, the majority of respondents have a positive attitude toward the use of arti-
ficial intelligence (Al) tools in STEAM lessons, their potential to enhance creative competencies, and the possi-
bility of improving the STEAM + Al methodology. However, greater attention should be given to the availability
of Al equipment in schools and to teachers’ professional development and training.

Key Findings:

Al tools are widely used in STEAM lessons (68%).

Al significantly contributes to enhancing creative competence (75%).
The STEAM + Al methodology improves the quality of education (82%).

The availability of Al equipment in schools is at a moderate level (45%).

o > 0o n -

The need for teachers’ professional development and training is very high (90%).

Biggest Challenges:

—_

Lack of equipment (25%).
Insufficient professional training (90%).

Growth in Creative Competence (Pre-test vs. Post-test)
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Pre-test (1-5) Post-test (1-5) Improvement (%)
(Initial) (Final) (Growth)
i@ X Group (STEAM+AI) 3.1 4.3 38.7%
ian N Group (STEAM) 3.0 3.8 26.7%
71 Difference 0.1 0.5 12.0%

Creative Competence Scores (1-5 Scale)
B Fre-test (initiall M Post-test (Final) [ Improvement (%)

5 50
4.3
F 38.7% P
& ai
E 2 26.7% 30 g
o
i 2ox 2§
1 01 95 - 0 F

X Group [STEAM+AI) M Group [STEAM) Difference

Figure 3: Experimental results

The creative competence of the X Group increased by 38.7%, while that of the N Group increased by
26.7%. The difference between the two groups was 12.0% (p < 0.05).

Table 3: Growth of Creative Competence by Criterion

| subject |  Group X Growth (%) Group N Growth (%) Difference (%) (X - N)

Science 42.1% 28.3% 13.8%
Technology 45.3% 30.1% 15.2%
Engineering 40.8% 27.5% 13.3%
Arts 35.2% 25.8% 9.4%
Mathematics 37.9% 26.9% 11.0%

Highest Growth: Technology (45.3%) and Science (42.1%)

Table 4: Growth of Creative Competence by Skills

“ Group X (Inltlal) Group X (Fmal) Growth (%)

Originality 41.4%
Flexibility 3.0 4.2 40.0%
Elaboration 3.2 4.3 34.4%
Problem Solving 3.1 4.4 41.9%

Highest Growth: Problem Solving (41.9%) and Originality (41.4%)

Table 5: Results by Region

Group X Growth (%) )

Tashkent 43.2% 28.5%
Samarkand 41.8% 27.9%
Andijan 40.5% 27.2%
Bukhara 39.8% 26.8%
Fergana 38.9% 26.5%
Namangan 38.5% 26.1%
Navoi 37.8% 25.8%
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Khorezm 37.2% 25.5%
Kashkadarya 36.5% 25.1%
Jizzakh 35.8% 24.8%
Syrdarya 35.2% 24.5%
Surkhandarya 34.5% 24.1%
Karakalpakstan 33.8% 23.8%

Highest Growth: Tashkent (43.2%) and Samarkand (41.8%).

Statistical Analysis:

1. Mann—-Whitney U test: U = 12450, p < 0.001 (Experimental Group vs. Control Group).

2. Student’s t-test: t = 5.82, p < 0.001 (Pre-test vs. Post-test in the Experimental Group).

3. Confidence level: 95% (p < 0.05). The results are statistically significant and reliable (p < 0.001).

The scientific novelty of the research includes the following:
1.  AnAl-integrated STEAM + Al methodology was developed for incorporating Al tools into STEAM subijects.
Acreative competence assessment rubric was designed, including Al-based criteria for evaluating creativity.

An empirical study was conducted across 12 regions of Uzbekistan to examine the effectiveness of the
proposed methodology.

4. The results showed that the integration of STEAM + Al contributes to a 35-45% improvement in students’
creative competence.

The STEAM + Al methodology increased students’ creative competence by 38.7%, while the traditional
STEAM methodology (without Al) increased it by 26.7%. The 12.0% difference (p < 0.05) represents a signifi-
cant scientific contribution.

The highest growth by subject was observed in Technology (45.3%) and Science (42.1%). Al-supported
coding activities and virtual laboratories had the greatest impact on enhancing creative problem-solving skills.

Regarding creative competence criteria, Problem Solving (41.9%) and Originality (41.4%) showed the
highest improvement. Al contributed most significantly to developing problem-solving abilities and generating
original ideas.

In terms of regional differences, Tashkent (43.2%) and Samarkand (41.8%) demonstrated the highest
growth rates, while Karakalpakstan (33.8%) recorded the lowest growth. This indicates disparities in educa-
tional resources among regions.

The main challenges identified were the lack of equipment and technological resources (25%) and insuffi-
cient teacher qualifications (90%). Effective implementation of the STEAM + Al methodology requires improved
infrastructure and professional development programs.

Recommendation: Introduce the STEAM + Al methodology in schools across Uzbekistan, improve equip-
ment and teacher training in all 12 regions, and implement a creative competence assessment rubric for
systematic evaluation.

Scientific Innovation: The study developed an integrated STEAM + Al methodology, an Al-based creativity
assessment rubric, and provided empirical evidence from 12 regions of Uzbekistan, demonstrating a 35-45%
improvement in creative competence.
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