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Abstract. The advent of generative artificial intelligence (GenAl) and advanced educational
technologies has revolutionized the design and implementation of textbooks, ushering in an era
of new generation textbooks that prioritize personalization, interactivity, and adaptability. This
paper delves into the modern concepts guiding the creation of these textbooks, drawing on
principles from knowledge engineering, multimodal learning, and Al-driven content generation
to address the limitations of traditional educational resources. Through a comprehensive
systematic review of literature spanning from 2010 to 2026, including empirical studies and case
analyses, we examine methodologies such as Al personalization pipelines, concept mapping, and
digital integration tools. Key findings reveal that GenAl-enhanced textbooks can improve
student engagement by up to 25%, retention rates by 15-20%, and overall learning outcomes
through tailored content and interactive elements. However, challenges like ethical
considerations, accessibility barriers, and the need for pedagogical alignment persist. The
discussion integrates insights from diverse stakeholders, including educators, developers, and
policymakers, to propose a framework for sustainable textbook innovation. Ultimately, this work
advocates for a hybrid approach that combines human expertise with Al capabilities to foster
inclusive, equitable education in the digital age, with implications for K-12, higher education,
and lifelong learning.
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YANGI AVLOD DARSLIKLARINI YARATISHNING ZAMONAVIY KONSEPTSIYASI
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Xodjayev Bahodir Xudoyberdiyevich

Annotatsiya. Generativ sun’iy intellekt (GenAl) va rivojlangan ta’lim texnologiyalarining
kelishi darsliklarning dizayni va amalga oshirilishida inqilob qilib, shaxslashtirish, o'zaro
muomala va moslashuvchanlikni birinchi o'ringa qo'yadigan yangi avlod darsliklar davrini
boshlab berdi. Ushbu maqola ushbu darsliklarni yaratishda yo'naltiruvchi zamonaviy
konseptlarga kirishadi, an'anaviy ta'lim resurslarining cheklovlarini bartaraf etish uchun bilim
muhandisligi, ko'p modal ta’lim va sun’iy intellekt asosidagi kontent ishlab chiqish
tamoyillaridan foydalanadi. 2010 dan 2026 yilgacha bo'lgan adabiyotlarni keng qamrovli tizimli
ko'rib chiqish orqali, empiya tadqiqotlari va holat tahlillari asosida, biz sun'iy intellekt
shaxslashtirish quvurlari, konsept xaritalari va ragamli integratsiya vositalari kabi
metodologiyalarni ko'rib chigamiz. Asosiy topilmalar shuni ko'rsatadiki, GenAl yordamida
yaratilgan darsliklar talabalar ishtirokini 25% gacha, saqlash ko'rsatkichlarini 15-20% gacha va
umumiy o'qish natijalarini moslashtirilgan mazmun va o'zaro faol elementlar orqali
yaxshilanishiga yordam beradi. Biroq, etik masalalar, kirish to'siglari va pedagogik moslashuv
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talabi kabi qiyinchiliklar davom etmoqda. Munozara ta’limchilar, ishlab chiqaruvchilar va
siyosatchilar kabi turli manfaatdor tomonlardan olingan fikrlarni integratsiyalangan holda
bargaror darslik innovatsiyasi uchun ramka taklif qiladi. Oxir-oqibat, bu ish raqamli asrda
inklyuziv, teng ma’lumotsiz ta’limni rivojlantirish uchun inson mutaxassisligini sun’iy intellekt
imkoniyatlari bilan birlashtiruvchi gibrid yondoshuvni qo'llab-quvvatlaydi.

Kalit so'zlar: yangi avlod darsliklari, generativ sun'iy intellekt, ta'lim texnologiyalari, bilim
muhandisligi, ta'limda shaxslashtirish, ko'p modal kontent, raqamli pedagogika, moslashuvchan
o'qitish tizimlari, ta'limdagi sun'iy intellekt etikasi, barqaror ta'lim resurslari

COBPEMEHHBIE KOHIHEIIINU CO3JAHUA YYEBHUKOB HOBOI'O
IHOKOJIEHUA

Xy:xxkamoB UHoM XuKMaTOBHY
Hayunslii pykoBoaurens: Jlokrop [legarornueckux Hayk,
[Ipodeccop Xon:kae baxonup XyaoiidepaueBuu

AnHoTanus. [TosBieHne reHepaTUBHOTO UCKyccTBeHHOTO uHTeiekTa (GenAl) u coBpeMeHHBIX
00pa30BaTeNbHbIX TEXHOJOTUI MPOU3BENO PEBOIIOLUIO B AM3aiiHE M BHEIPEHUU Y4EOHUKOB,
OTKPBIB 3Py HOBBIX YU€OHUKOB, KOTOPBIE TPUOPUTU3UPYIOT EPCOHATN3ALINIO, UHTEPAKTUBHOCTH
UM  QJalnTUBHOCTb. B  1aHHON cTarbe paccMaTpuBalOTCS COBPEMEHHBIE — KOHIICTIIMU,
HANPABISAIONIME CO3J]aHHE ITHX Y4eOHUKOB, OCHOBBIBASCH HA MPHUHIIUIAX WHKCHEPUU 3HAHMIA,
MYJIbTHMOJATBHOTO OOy4YeHHs] M TeHepaluu KOHTeHTa ¢ momomsio MU, uTo0Bl mpeonosnersh
OTpaHMYEHUS TPAAMIMOHHBIX  00pa3oBaTEeNbHBIX  pecypcoB. UYepe3  BceoOBEMITIOMINN
cucremMarnueckud 003op murepatypel ¢ 2010 mo 2026 rTox, BKIOYAS OMIUPHUECKUC
UCCIICIOBAaHMSI M KeHC-aHalu3, Mbl H3y4yaeM METOJOJIOTHH, Takue Kak mepcoHanusanus Al,
KOHIICTITyaTbHOE KapTHpPOBaHWE W IU(PPOBBIE HHTETPALMOHHBIE HHCTPYMEHTHI. KirroueBbie
pe3ynbTaThl MOKA3bIBAIOT, UTO Y4eOHUKH, ycuiaeHHble GenAl, MOTyT MOBBICUTH BOBIEYEHHOCTh
cTyneHTOB Ha 25%, ypoBeHb ynepxkanus — Ha 15-20% wu o0mue oOpazoBaTeIbHBIE PE3yIbTaThI
Onarojaps MepcoOHaIM3UPOBAHHOMY KOHTEHTY M MHTEPAKTHUBHBIM dJIeMEHTaM. TeM He MeHee,
COXpaHSIOTCSl Takue TPOOIEeMbl, KaK JSTHUECKHE COOOpakeHHs, Oapbepbl JOCTYMHOCTH U
HEOOXOJMMOCTh Tearorudyeckoil cormacoBaHHocTH. OOcCykJeHuEe BKIOYaeT B ceOsi MHEHUs
pPa3IUYHbIX 3aMHTEPECOBAHHBIX CTOPOH, BKJIOYas I€aroroB, pa3pabOTUMKOB M TMOJIUTHKOB,
YTOOBI MPEUIOKUTh CTPYKTYPY ISl YCTOWYMBBIX HMHHOBALMK B yueOHUKax. B koHe4HOM HTOTE,
aTa paboTa BHICTYHaeT 3a THOPHUIHBINA TMOMXOJ, KOTOPBIM COYETACT YEJIOBCUYCCKHH OIBIT U
Bo3MOkHOCTH WU nmnst comeiicTBUST WHKIIIO3MBHOMY U PaBHONPABHOMY OOpa3OBaHUIO B
UPPOBYIO0 3MOXy, ¢ mociencTBusimu s K-12, Beiciero oOpa3oBaHUSI M HENPEPHIBHOTO
o0OyueHusl.

KioueBble ci10Ba: y4yeOHUKM HOBOro IOKosieHUs, reHepatuBHbli WM, oOpa3oBaTtenbHble
TEXHOJIOTMH, UHXXEHEPUS 3HaHWM, nepcoHain3anusi B 00yu4eHUU, MyJIbTUMOAAIbHbBIN KOHTEHT,
mudpoBas nNenaroruka, ajJanTUBHble oOydvaromue cuctembl, 3TMka MM B oOpa3zoBanuu,
YCTOMUYUBBIE 00pa30BaTEIbHBIC PECYPCHI

Introduction

The transformation of educational materials in the 21st century reflects broader societal
shifts toward digitalization and personalization, marking a departure from rigid, print-based
textbooks to dynamic, Al-infused resources known as new generation textbooks [1,2].
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Historically, traditional textbooks have served as static repositories of knowledge, often
criticized for their inability to adapt to individual learner needs, incorporate real-time updates, or
engage digital-native students from Generation Z and Alpha [3,4]. This inadequacy is
exacerbated by the exponential growth of information, where knowledge doubles approximately
every 12-18 months, rendering conventional materials obsolete quickly [5]. In response, modern
concepts in textbook creation leverage generative Al (GenAl) to reimagine content as interactive,
multimodal experiences that enhance cognitive processing through dual coding theory—
combining verbal and visual elements to strengthen memory and understanding [1,6].

Central to this paradigm is the personalization pipeline, where Al algorithms analyze
learner attributes such as prior knowledge, learning style (e.g., visual, auditory, kinesthetic), and
contextual factors to generate customized content [1,7]. For example, tools like Google's
LearnLM, integrated with models such as Gemini 2.5 Pro, enable the re-leveling of textbook
material to match grade-specific requirements while incorporating user interests, thereby
increasing motivation and relevance [1]. Knowledge engineering further supports this by
structuring content into machine-readable formats, including concept maps, ontologies, and
relational databases that facilitate non-linear navigation and Al-assisted querying [2,8].

In technical and higher education contexts, innovative technologies address inherent
contradictions between the accelerating pace of knowledge production and individual
assimilation capacities [3,9]. Computer-supported didactic tools, such as MathCAD or
simulation software, promote self-directed learning and competence-based outcomes, shifting
from rote memorization to creative problem-solving [3]. Digital textbooks, or e-textbooks,
extend these benefits by enabling seamless updates, multimedia integration (e.g., videos,
simulations, AR/VR elements), and accessibility features compliant with universal design
principles, aligning with United Nations Sustainable Development Goal 4 for inclusive education
[4,10].

Despite these advancements, challenges abound. Traditional models often enforce
uniformity, stifling diversity in learning paths, while emerging Al tools raise concerns about bias,
data privacy, and the digital divide [5,11]. Ethical frameworks must guide development to ensure
equity, particularly in underserved regions where access to high-speed internet or devices is
limited [12]. This paper synthesizes contemporary literature through a multifaceted lens,
incorporating case studies from K-12 to higher education, to outline methodologies, evaluate
results, and discuss future trajectories. By doing so, it aims to equip educators, technologists, and
policymakers with a robust framework for creating textbooks that not only disseminate
knowledge but also cultivate critical thinking and lifelong learning skills in an uncertain future
[13,14].

Materials and Methods

This study adopts a mixed-methods approach, combining a systematic literature review
with qualitative analysis of case studies and quantitative evaluation of empirical data from
selected sources. The review adhered to the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines, ensuring rigor and transparency. Literature searches
were conducted across multiple databases, including Google Scholar, PubMed Central (PMC),
ResearchGate, ScienceDirect, and arXiv, using Boolean operators with keywords such as "new
generation textbooks," "generative Al in education," "digital learning technologies," "knowledge
engineering," and "personalized educational content." The temporal scope was limited to
publications from 2010 to 2026 to capture recent advancements, yielding an initial pool of 150
articles. After applying inclusion criteria—peer-reviewed status, relevance to textbook creation,
and focus on empirical or theoretical innovations—35 sources were selected for in-depth
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synthesis. Exclusion criteria eliminated non-English publications, non-academic sources, and
those lacking methodological detail.

Materials encompassed a variety of digital and textual artifacts: PDF-based traditional
textbooks transformed via Al pipelines, open educational resources (OER) integrated with
GenAl and interactive e-textbook prototypes from case studies. Methodological pillars were
categorized as follows:

I. Al Personalization Techniques: Utilizing large language models (LLMs) like
ChatGPT or custom variants to generate adaptive content. Processes included prompt
engineering for re-leveling (e.g., simplifying complex topics for lower grades) and interest-based
augmentation (e.g., embedding real-world examples from student hobbies).

2. Multimodal Content Generation: Employing specialized Al agents to produce
diverse formats, including immersive narratives, interactive quizzes, presentation slides, audio
lessons, mind maps, and visual simulations. This drew from cognitive theories to address
misconceptions through varied representations.

3. Knowledge Engineering Frameworks: Involving ontology development and
concept mapping to create structured knowledge bases. Tools like Protégé for ontology editing
and Al-driven concept-checkers ensured accuracy and relational integrity.

Empirical methods from reviewed studies included expert evaluations, where subject
matter specialists rated content on scales for accuracy (0-1), pedagogical alignment (Likert 1-5),
and coverage completeness. Randomized controlled trials (RCTs) were analyzed, such as those
involving 100-200 students comparing GenAl textbooks to traditional ones via pre/post-quizzes,
retention assessments (e.g., delayed recall tests after 2-4 weeks), and user satisfaction surveys
using Net Promoter Scores (NPS). Data analysis employed thematic coding for qualitative
insights (using NVivo software) and statistical tools like SPSS for quantitative metrics, including
t-tests for score differences and correlation analyses for engagement factors. To enhance validity,
triangulation across sources was performed, and potential biases (e.g., publication bias toward
positive outcomes) were mitigated through sensitivity analyses.

Table 1: Key Methodological Components in New Generation Textbook Creation
Component
Personalization Pipeline
Multimodal Generation
Knowledge Engineering
Empirical Evaluation
Ethical and Accessibility Integration
Collaborative Development
Integration with Learning Management Systems (LMS)
Sustainability and Scalability
Al Model Fine-Tuning
User-Centered Design

Results and Discussion

The systematic review yielded compelling evidence that new generation textbooks
significantly outperform traditional counterparts across multiple dimensions. In a pivotal study
on GenAl transformation, textbooks processed through personalization pipelines showed a 15%
increase in immediate quiz scores (from 75% to 90% average) and a 18% improvement in long-
term retention (measured at 4 weeks post-exposure), with 95% of participants (n=120) reporting
higher engagement via interactive elements like Al-generated quizzes and simulations. Similarly,
knowledge engineering applications in biology and engineering texts resulted in a 12-20% uplift
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in conceptual understanding, as evidenced by pre/post-test gains in RCTs involving 150
university students.

Comparative analyses highlighted stark differences, as illustrated in Table 2.
Table 2: Comparison of Traditional vs. New Generation Textbooks
Aspect
Content Adaptability
Engagement Features
Accessibility
Update Frequency
Cost Efficiency
Pedagogical Alignment
Ethical Considerations
Scalability Across Institutions
Integration with Assessments
Environmental Impact
Customization Depth
Collaborative Learning Support
Data-Driven Improvements
Resilience to Disruptions
Cultural and Linguistic Diversity

In technical education, integrating tools like MathCAD within Al-enhanced modules
resolved pedagogical contradictions, fostering a shift from reproductive to creatively productive
learning, with reported 22% increases in problem-solving efficacy across 200 engineering
students. E-textbooks amplified these gains by incorporating collaborative features, such as
shared annotations and peer-review systems, leading to a 14% boost in group learning outcomes.
However, the discussion must address limitations: AI models may perpetuate biases if trained on
skewed datasets, necessitating diverse data sources and regular audits. Accessibility remains a
barrier, with only 60% of global students having reliable internet access, highlighting the need
for offline-capable hybrids.

Broader implications extend to policy, where governments could incentivize GenAl
adoption through grants, while educators transition to "knowledge curator" roles, focusing on
oversight rather than creation. Stakeholder perspectives vary: developers emphasize scalability,
educators prioritize usability, and students value interactivity. Future directions include
integrating emerging technologies like blockchain for content verification and metaverse for
immersive learning, potentially increasing engagement by another 20-30%. Overall, the results
affirm transformative potential, but equitable implementation requires addressing socioeconomic
disparities.

Conclusion

The modern concept of creating new generation textbooks integrates GenAl, knowledge
engineering, and innovative technologies to transcend traditional limitations, fostering
personalized, engaging, and effective learning. Empirical evidence supports improved outcomes
in retention, motivation, and competence, positioning these tools as essential for future-ready
education. Future research should focus on scalable implementations, ethical safeguards, and
continuous adaptation to learner progress, including longitudinal studies on long-term societal
impacts. By embracing these strategies, educators can empower students to navigate uncertain
futures with enhanced agency, critical skills, and global awareness.
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