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Annotatsiya

Zamonaviy oliy ta’limga sun’iy intellekt (SI) texnologiyalarini integratsiya qilish
shaxsiylashtirilgan va adaptiv o‘qitish arxitekturasini yaratish uchun tengsiz imkoniyatlarni
taqdim etadi. Mazkur maqolada Yevropa kredit o‘tkazish va to‘plash tizimi (ECTS)
doirasida molekulyar fizika ta’limi uchun maxsus ishlab chiqilgan, sun’iy intellektga
asoslangan Online-Merge-Offline (OMO) gibrid o‘quv formati tagdim etilgan. An’anaviy
ma’ruza darslari ko‘pincha makroskopik kuzatishlardan mikroskopik ehtimollik
modellariga o‘tishda kognitiv o‘zgarishlarni ta’minlashda yetarsiz hisoblanadi. Ushbu
muammoni hal qilish uchun biz talabalarning mustaqil ta’limi va refleksiv sikllarini
qo‘llab-quvvatlash maqgsadida generativ SI (ChatGPT) modelini faol "fikrlash agenti"
sifatida qamrab olgan o‘quv paradigmasini ishlab chiqdik. Tadqiqot doirasida 60 nafar
bakalavriat bosqichidagi fizika yo‘nalishi talabalari ishtirokida kvazi-eksperimental tajriba
o‘tkazildi; talabalar teng ravishda eksperimental (SI tomonidan qo‘llab-quvvatlanadigan
OMO formati) va nazorat (an’anaviy ma’ruza darslari) guruhlariga ajratildi. Empirik
natijalar an’anaviy guruh (Post-test o‘rtacha qiymati: 61.30+£9.45) bilan solishtirilganda,
eksperimental guruhda ko‘rsatkichlarning yuqori darajada statistik sezilarli o‘sganligini
ko‘rsatdi (Post-test o‘rtacha qiymati: 78.45+7.12). Tadqiqot shuni isbotlaydiki, raqgamli
audit bilan integratsiyalashgan tizimli generativ SI so‘rovlar (prompt) ish oqimi
termodinamik  xatti-harakatlardagi  doimiy konseptual noto‘g‘ri  tushunchalarni
(miskonsepsiyalarni) samarali bartaraf etishi mumkin.

Kalit so‘zlar: Ta’limda sun’iy intellekt; Online-Merge-Offline (OMO) modeli;
ChatGPT promptlari; ECTS tizimi; Konseptual tushunish; Oliy ta’lim.

T'UBPUIHBIA ®OPMAT ONLINE-MERGE-OFFLINE (OMO) HA BA3E
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AHHOTALIUA

Wurterpauust uckyccTtBeHHoro wuHtemiekra (M) B coBpeMeHHOE BhICIIEE
oOpa3oBaHME€  OTKpBIBa€T  OECHpele[CHTHbBIE  BO3MOXKHOCTH Il CO3/aHHUA
NEPCOHAIM3UPOBAHHBIX W QJaNTUBHBIX apXUTEKTyp oOyueHus. B maHHOW cTathe
npejacTaBiieHa THOpuaHas cTpykrypa oOyuenus Online-Merge-Offline (OMO) Ha 6a3ze
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NU, pazpaboTaHHasi coenuaibHO I OOyUYEeHHS MOJEKYJIIpHOM (QU3NKe B paMKax
EBponeiickoil cucrembl nepeBona W HakormieHuss OamoB (ECTS). TpamuuuonHsie
JIEKIIMOHHBIE (OpMaThl YacTO OKa3bIBAIOTCS HEIP(DEKTUBHBIMU [UJIsi  OoOecTeueHUs
KOTHUTUBHOTO TIEpPeXoJla OT MAKPOCKOMUYECKUX HAOMIOJACHUN K MHUKPOCKOTUYECKUM
BEPOSITHOCTHBIM MOJieisiM. JIJisl pelieHust 3Toi mpoosieMbl aBTopaMH ObLla pa3paboTaHa
yueOHas nmapajaurma, BKitoyaromas noauepxky reaepatusnoro MM (ChatGPT) B kauectBe
aKTUBHOTO «areHTa IS pa3MbllnuieHui» (agent-to-think-with) nns comeicTBUsA IMKIIaM
CaMOCTOATENFHOTO 00yueHus: U pediiekcuu. bplio MpoBeAeHO KBa3WAKCIIEPUMEHTAIBLHOE
uccienoBanue ¢ ydactueM 60 cTyneHTOB OakanaBpuaTa (PU3MYECKUX CHEIHMAIBHOCTEH,
pa3ne’eHHbIX MOPOBHY Ha AdKCIepuMeHTaldbHyio rpynmny (popmar OMO ¢ moaaepkkoit
NN) u KOHTpONBbHYIO Trpynny (TpaAUIMOHHBIE JEKIHMH). OMIUPUUYECKUE PE3YJIbTaThl
MPOJIEMOHCTPUPOBAIM BBICOKO3HAUMMBIN CIBUT B YCIIEBAEMOCTH JKCIEPUMEHTAIbLHON
rpynnel (cpenHee 3HaueHHE MOCT-TecTa: 78.45+7.12) mo CpaBHEHHIO C KOHTPOJIbHOM
rpynmnoi (61.3049.45). VccnenoBaHue J0Ka3bIBaeT, UYTO CTPYKTYPUPOBAHHBIE pabourue
IpoLeCcChl TeHepaTUBHBIX 3ampocoB MU (mpoMnToB), MHTErpHUpOBaHHBIE C LU(PPOBBHIM
ayIUTOM, MOTYT 3((HEKTUBHO yCTpaHATh YCTOMYMBBIE KOHIICNTYaJIbHbIC 3a0JIy»KIEHUS B
MMOHUMAHUHU TEPMOJIMHAMUYECKOTO TTOBEICHUS.

KaroueBble ciaoBa: VckyccTBeHHBIM MHTEIUIEKT B oOpa3zoBaHuu; mojenb Online-
Merge-Offline (OMO); mnpomntel ChatGPT; cucrema ECTS; KoHuentyaibHOE
MOHMMAaHUE; BhICIIee 00Opa3oBaHuUE.
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ABSTRACT

The integration of Artificial Intelligence (AI) in modern higher education offers
unparalleled opportunities for personalized and adaptive learning architectures. This paper
presents an Al-driven Online-Merge-Offline (OMO) hybrid learning framework tailored
explicitly for molecular physics education within the European Credit Transfer and
Accumulation System (ECTS). Traditional lecture-based environments often fall short in
facilitating the cognitive shift from macroscopic observations to microscopic probabilistic
models. To address this, we developed an instructional paradigm incorporating generative
Al support (ChatGPT) as an active "agent-to-think-with" to assist self-study and reflection
cycles. A quasi-experimental study was conducted involving 60 undergraduate physics
students split equally into an experimental group (Al-supported OMO framework) and a
control group (traditional lecturing). Empirical findings demonstrated a highly significant
performance shift in the experimental group (Post-test Mean: 78.45+7.12) compared to the
control group (61.30+£9.45). The study establishes that structured generative Al prompt
workflows integrated with digital auditing can effectively eliminate persistent conceptual
misconceptions in thermodynamic behavior.
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1. INTRODUCTION

Molecular physics serves as a foundational milestone in scientific curricula,
demanding high levels of abstract reasoning and the mastery of multi-level conceptual
paradigms. The discipline encompasses mathematically intensive and conceptually elusive
constructs, such as the Maxwell-Boltzmann velocity distribution and statistical
thermodynamic  equilibrium equations. Under standard pedagogical regimes,
undergraduate students frequently struggle with the dual representation of physical
properties, leading to deeply rooted misconceptions regarding microscopic molecular
behavior.

Simultaneously, contemporary tertiary educational landscapes across Europe and
Central Asia are navigating a systemic transition toward credit-module assessment
structures (such as ECTS). This operational framework demands a substantial expansion of
autonomous student self-study hours, forcing educators to design highly efficient, digitally
integrated student-centered learning methodologies. Traditional classroom structures fail to
satisfy these requirements due to fixed temporal boundaries and a lack of interactive
personalization.

The rapid evolution of Large Language Models (LLMs), such as OpenAl's
ChatGPT, introduces a pedagogical mechanism capable of serving as a scalable, 24/7
intelligent tutoring interface. Rather than utilizing Al as a mere information-retrieval
engine, contemporary educational theory suggests deploying LLMs as "agents-to-think-
with" to trigger continuous metacognitive reflection. By framing these Al tools within an
Online-Merge-Offline (OMO) framework, educational institutions can establish a
continuous loop where asynchronous digital inquiry directly feeds into synchronous
classroom collaboration.

While broad STEM-focused Al research is expanding rapidly, specialized empirical
studies targeting the synthesis of generative Al workflows with molecular physics
pedagogy under credit-module constraints remain profoundly limited. This paper explicitly
presents and evaluates an integrated Al-driven OMO pedagogical architecture designed to
cultivate advanced conceptual mastery in undergraduate molecular physics courses.

2. LITERATURE REVIEW

The conceptual core of modern hybrid educational design relies heavily on the
Online-Merge-Offline (OMO) instruction paradigm. According to Huang et al. (2024), the
OMO model breaks down physical classroom limitations by unifying digital spaces with
face-to-face peer dynamics. In physics pedagogy, this cross-environment fluidity allows
students to gather foundational conceptual knowledge online before engaging in intensive
scientific debate offline.

Concurrently, the philosophical repositioning of artificial intelligence within science
education represents a paradigm shift. Moving beyond classical Intelligent Tutoring
Systems (ITS) that provide rigid automated drilling routines, contemporary frameworks
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treat generative Al platforms as dialogic partners. Recent literature emphasizes that when
properly scaffolded, LLLMs can foster experimental reasoning and prompt-driven critical
inquiry. For instance, dos Santos (2023) highlighted the capacity of conversational Al
engines to identify specific logical fallacies in student formulations of physical laws.

However, the educational deployment of generative Al introduces significant
monitoring risks. Unregulated Al interaction often promotes academic dishonesty,
unreflective copy-pasting behaviors, and reliance on scientific "hallucinations" generated
by LLMs. Cukurova (2024) notes that the synthesis of Al tools with local learning
analytics is critical to building robust "hybrid intelligence" frameworks that optimize
human-instructor verification. Despite these theoretical developments, a distinct research
gap exists concerning empirical validations of structured Al interaction metrics within
credit-module molecular physics curricula.

3. METHODOLOGY

This research utilizes a quantitative quasi-experimental design featuring a
standardized pre-test/post-test framework to measure academic progress across parallel
cohorts.

Experimental Group (n=30) —P AIl-Driven OMO Model » Post-Test
Assessment
A
Baseline Pre-Test Equivalence Check (p = 0.818) | (Independent Samples t-
test)
v
Control Group (n=30) ——P> Traditional Lecture » Post-Test Assessment

3.1 Participants and Ethical Protocols

The empirical validation was conducted within the Faculty of Physics and
Mathematics at a public university in Uzbekistan during a regular academic semester.
Sixty undergraduate physics students enrolled in the mandatory Molecular Physics module
were selected. The cohort was evenly divided into an Experimental Group ($n = 30$) and a
Control Group ($n = 30$). Baseline parity was confirmed using prior GPA metrics to
guarantee equivalent academic backgrounds. Institutional review boards authorized the
protocol, and all students provided written informed consent regarding the research use of
their depersonalized academic tracking data.

3.2 Technological and Pedagogical Architecture

The Experimental Group was subjected to an Al-driven OMO framework governed
by ECTS self-study operational requirements. The structural components of this workflow
integrated specific generative Al interactions:

. The Input Layer: Real-world non-routine thermodynamic scenarios requiring
qualitative analysis were delivered via the institutional LMS.

. The Online Al Scaffold: Students executed structured dialogic loops using
ChatGPT. The Al was restricted via custom instructions from delivering final equations or
answers directly. It was confined to acting as a Socratic guide.
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. Logistical Auditing Workflow: To bypass real-time multi-student monitoring
limits, a rigorous digital audit layout was implemented. At the conclusion of each module,
students generated and exported persistent web-links of their entire ChatGPT session
histories alongside mandatory PDF transcripts. These were submitted to the LMS for
evaluation of student prompt-engineering paths and reasoning logic.

3.3 Guided Instructional Prompt Samples

To ensure standardized scientific inquiry, students operated within fixed prompt
classes:

1. Conceptual Breakdown Prompt: “Explain the temperature dependence of the
Maxwell-Boltzmann distribution graph in simple language without using advanced
mathematical derivations.”

2. Comparative Analytical Prompt: “Provide a conceptual comparison between
microscopic molecular motion and macroscopic thermodynamic behavior.”
3. Error Diagnostics Prompt: ‘“ldentify possible conceptual mistakes in the

following interpretation of the kinetic theory of gases.”

The Control Group was taught the exact same syllabus content over identical time
blocks by utilizing conventional teacher-centered lecture presentation formats, entirely
isolated from generative Al scaffolding tools.

4. RESULTS AND DATA ANALYSIS

Statistical processing was executed via Python using the SciPy.stats module and the
Pingouin analytics package to calculate parametric inferential data and effect sizes.

4.1 Quantitative Baseline and Progress Verification

The pre-test metric verified that the groups possessed statistically equal prior
conceptual knowledge before intervention. The experimental group recorded a baseline
mean score of 54.20+8.35, while the control group registered 53.75+6.90. An independent
samples t-test confirmed no baseline gap (t(58) = 0.231, p = 0.818).

Following the implementation of the Al-driven OMO framework, post-test
examinations revealed an extensive performance divergence. The experimental group
achieved a post-test mean score of 78.45+7.12, whereas the traditional control group
reached a mean of 61.30+9.45. The independent samples t-test established a highly
significant advantage for the Al-assisted cohort (t(58) = 7.942, p <0.001).

4.2 Effect Size Assessment

To compute the educational magnitude of the OMO framework, Cohen's d was
calculated:

_ M 1 M 2
S D pooted

The formula yielded a value of 1.98, representing an exceptionally large practical educational
impact size according to classical pedagogical interpretation scales.

d

Evaluation Mean Stalfda.rd p- Cohen's
Group N Deviation | t-value
Stage Score (SD) value |d
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Pre-test Experimental | 30 54.20 8.35 0.231 ?ntg 8 0.06
Control 30 53.75 6.90
. < 0.001
Post-test | Experimental | 30 78.45 | 7.12 7942 | .. 1.98
Control 30 61.30 | 9.45

Note: ns = not significant (p > 0.05); *** = highly statistically significant (p < 0.001).

4.3 Qualitative Perceptions and Metacognitive Shifts

Likert-scale psychometric tracking confirmed a positive transformation in student
learning behaviors. Eighty-two percent (82%) of participants agreed that interactive Al
tools successfully supported independent reflection and self-study cycles. Qualitative
transcript validation via LMS logs supported these numbers. As one student observed: “Al
did not simply provide formulas, it guided me through questions that helped me
understand how the equations were derived.”

5. DISCUSSION AND CONCLUSION

The experimental findings confirm that structured generative Al integration within
an OMO learning framework effectively enhances conceptual mastery in molecular
physics. The performance shift observed in the experimental cohort suggests that
transitioning the Al's role from an automatic solution oracle to a conversational partner
stimulates deeper cognitive engagement. This mirrors constructivist principles, which state
that robust knowledge acquisition requires active processing and iterative conceptual
testing.

The implementation of the digital transcript auditing framework resolved a common
challenge in Al education: tracking independent student engagement. Requiring web-link
exports and transcript submissions discouraged passive copying and helped instructors
evaluate student prompt-engineering progression. This structural oversight ensured that Al
platforms functioned correctly as personalized learning scaffolds.

In conclusion, this study demonstrates that an Al-driven OMO hybrid framework
provides a scalable model for modern credit-module physics education. By combining
conversational Al structures with regular instructor validation, institutions can improve
independent self-study hours and promote deep conceptual understanding of abstract

physical processes.
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