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Abstract: This article examines the theoretical and practical aspects of analyzing the data 

accumulated in higher education and of improving the educational process with the help of artificial 

intelligence technologies. It draws on systematic reviews, meta-analyses, reports by international 

organizations, and normative documents of the Republic of Uzbekistan published in the Scopus and 

Web of Science databases between 2024 and 2026. The article provides a comparative analysis of 

traditional and AI-enriched educational processes and formulates concrete organizational and 

methodological recommendations for the education system of Uzbekistan. 
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INTRODUCTION 

Over the past decade, the education system has been undergoing profound transformation. 

The widespread adoption of the internet, mobile devices, and cloud services - together with the 

COVID-19 pandemic, which made distance and blended learning unavoidable - has migrated the 

educational process onto digital platforms. Today, every button clicked, every test submitted, every 

video watched, and every forum comment leaves a digital trace. According to industry analyses, the 

market for artificial intelligence in education grew from USD 5.47 billion in 2024 to USD 7.57 

billion in 2025, an annual growth rate of 38.4 percent. These figures demonstrate how rapidly the 

technology is entering education. 

In traditional pedagogy, a teacher’s decisions have often rested on personal experience and 

observation. The digital environment, by contrast, makes it possible to ground decisions in 

evidence: data can reveal which topic students and cadets are struggling with, which task they are 

failing to master, and when their engagement is declining. It is precisely here that data analytics and 

artificial intelligence intersect. Transforming data into useful knowledge in a timely, ethically, and 

pedagogically sound manner is one of the central tasks of modern education. 

Uzbekistan is not standing apart from this process. The “Digital Uzbekistan - 2030” strategy 

aims to drive the country’s rapid digital development, eliminate the digital divide between regions, 

and build a data-driven economy. The “Strategy for the Development of Artificial Intelligence 

Technologies through 2030,” adopted in 2024, designates the introduction of AI in education and 

the social sphere as an immediate priority. For this reason, the judicious use of data analytics and 

artificial intelligence within the digital learning environment is of both theoretical and practical 

significance for Uzbekistan. 

Theoretical foundations of data analytics and artificial intelligence 

The concept of data analytics entered the field of education in the early 2010s. Siemens and 

Long described learning analytics as the practice of measuring, collecting, analyzing, and 

interpreting data about learners and the environments in which they study, in order to understand 

and optimize the conditions under which learning takes place. The data accumulated in a digital 

environment can be divided into several types: interaction logs (logins, page views, video-watching 

time), assessment data (test and assignment results), behavioral indicators (task-completion pace, 
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number of attempts), and demographic data. These data are used within a four-level hierarchy of 

analytics: descriptive analytics answers “what happened?”; diagnostic analytics, “why did it 

happen?”; predictive analytics, “what might happen next?”; and the highest level, prescriptive 

analytics, “what should be done?”. The genuine transformation of an education system begins 

precisely with the transition to these last two levels - forecasting the future and intervening on an 

evidence-based foundation. 

Artificial intelligence, in turn, is a means of automating and deepening this analysis. As 

Russell and Norvig note, modern AI rests not on rigid rules but on machine learning and deep 

learning methods that learn from data. Artificial intelligence in education has taken shape as a 

distinct field of research. In their systematic review of AI applications in higher education, 

Zawacki-Richter and colleagues group these applications into three main categories: 

- profiling students and cadets and predicting their performance; 

- assessing knowledge and automated grading; 

- adaptive systems and intelligent tutoring systems. 

Key directions of artificial intelligence in the educational process 

The first and most mature direction is adaptive learning and intelligent tutoring systems. Such 

systems model a student’s or cadet’s knowledge level and errors and tailor the content, difficulty, 

and pace to each individual user. Yet, as Luckin and colleagues emphasize, the aim of such systems 

is not to replace the human teacher but to extend the teacher’s capabilities and to make an 

individualized approach feasible even in mass education. Holmes, Bialik, and Fadel regard 

personalization as the single greatest contribution AI brings to education: the system offers each 

student and cadet their own “learning path.” 

The second direction is the automation of assessment and feedback. Natural language 

processing technologies make it possible to evaluate essays and open-ended responses, detect 

grammatical errors, and provide immediate, annotated feedback. Conversational assistants 

(chatbots) and virtual tutors allow students and cadets to ask questions and receive explanations at 

any time of day. 

The third direction is predictive analytics and early-warning systems. Machine learning 

models identify, in advance, the risk of underperformance or dropout on the basis of a student’s or 

cadet’s engagement, the dynamics of task completion, and interim grades. A significant 

methodological challenge in this area is “concept drift” - the gradual change in learner behavior 

over time, which reduces a model’s accuracy; recent studies propose adaptive models that take this 

into account. 

The fourth and most recent wave is generative artificial intelligence, in particular large 

language models, which has spread widely since 2022. Tools such as ChatGPT are capable of 

generating text, providing explanations, writing code, and acting as an individual tutor through 

question-and-answer interaction. Scholars who have analyzed policies for introducing generative AI 

in higher education on a global scale show that the technology’s capabilities are running far ahead 

of its legal and ethical regulation. This creates a gap between technological potential and 

institutional readiness, which is analyzed in detail in the next section. 

Global trends and statistical indicators 

The scale of the AI-in-education market is striking not only for its size but also for its growth 

rate. Beyond the USD 7.57 billion figure for 2025 cited above, various analytical centers offer large 

but divergent forecasts for the coming decade: some sources predict that the market will exceed 

USD 30 billion by 2029, while others foresee it reaching around USD 100 billion by the mid-2030s. 

These differences arise from methodological variation and from the differing scope assigned to the 
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very concept of “artificial intelligence”; it is therefore more appropriate to focus on the steady 

upward trend rather than on absolute figures. 

Usage indicators provide an even more reliable picture. According to a global survey by the 

Digital Education Council involving more than 3,800 students across 16 countries, 86 percent of 

students use AI in their studies; 54 percent use it at least once a week and nearly a quarter use it 

daily, with ChatGPT the most popular tool, used by 66 percent of students. In a survey of 

undergraduates in the United Kingdom, the share of AI users rose from 66 percent to 92 percent 

within a single year. At the same time, 58 percent of students admit that they lack sufficient 

knowledge and skills regarding AI, and 48 percent feel unprepared for a labor market into which AI 

has been introduced. These figures show that, while usage is widespread, literacy lags behind it. 

As for educators, a 2025 Digital Education Council survey involving 1,681 faculty members 

across 28 countries shows that, although 61 percent of teachers have used AI in their teaching, 88 

percent do so only to a very limited extent; 83 percent are concerned about students’ ability to 

critically evaluate AI-generated outputs; 80 percent note a lack of clarity at their institution about 

how to apply AI in teaching; and only 17 percent consider themselves advanced or expert users. 

These data confirm that the main obstacle to adopting the technology is not technical but 

organizational and methodological in nature. 

UNESCO’s data on institutional readiness are noteworthy. A survey covering more than 450 

schools and universities found that only 10 percent of educational institutions have formal rules 

governing the use of generative AI. In 2023, UNESCO published the first global guidance on the 

use of generative AI in education and research, and in 2025 it issued two important reports - on 

protecting learners’ rights and on the future of education - advancing a human-centered, rights-

based approach. These documents indicate that the technology alone is not sufficient and that 

ethical and legal norms are needed to regulate it. 

Digital education and artificial intelligence in Uzbekistan: policy and practice 

In Uzbekistan, the legal foundation for digital transformation was laid in 2020 with the 

“Digital Uzbekistan - 2030” strategy (Decree No. PD-6079). Alongside digital infrastructure, e-

government, and the digital economy, the strategy also encompasses education in the field of 

information technology. As its logical continuation, the “Strategy for the Development of Artificial 

Intelligence Technologies through 2030” was approved on 14 October 2024 (Resolution No. PR-

358). This document sets specific target indicators: increasing the volume of AI-based software 

products and services to USD 1.5 billion; delivering 10 percent of public services on the basis of 

AI; raising the number of scientific laboratories in the field of AI to ten; and bringing the country 

into the top 50 of the international government AI readiness index. 

Practical results are also being recorded: according to official data, Uzbekistan has risen 17 

places in the international AI readiness index, more than twenty AI-based projects have been 

launched in the country, and projects across a number of other sectors have been developed. In the 

education sector, digital platforms, electronic grade-book systems, and mechanisms for the online 

assessment of teachers’ qualifications are being introduced. At the same time, national academic 

capacity on the subject is taking shape: in recent years, studies in the Uzbek language have been 

published on the use of AI in the digital learning environment, on adaptive learning, and on the 

teaching of specific subjects with the help of AI. 

The most reliable conclusions about the effectiveness of AI-based instruction come from 

meta-analyses, since they synthesize the results of dozens of individual studies. A classic meta-

analysis of intelligent tutoring systems analyzed 107 effect sizes covering 14,321 participants. 

According to its results, compared with traditional large-group instruction, ITS produced an average 
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effect size of g = 0.42; relative to non-intelligent computer-based instruction, g = 0.57; and 

compared with a traditional textbook, g = 0.35. On a pedagogical scale, an effect size above 0.4 is 

considered a practically significant improvement, which demonstrates the real impact of adaptive 

systems. 

Recent meta-analyses of generative AI record even higher indicators. An analysis covering 49 

studies estimated the effect of generative AI on academic achievement at g = 0.857 and its effect on 

learning motivation at g = 0.803; the magnitude of the effect varied according to educational level, 

subject area, and mode of interaction. Another meta-analysis devoted to ChatGPT’s effect on 

academic achievement recorded a positive but moderate effect, emphasizing that effectiveness 

depends strongly on context - on the method and duration of support. An important methodological 

caution is in order here: high effect sizes are often observed in short-term studies measured under 

controlled conditions, so these figures cannot be equated directly with long-term educational 

outcomes. 

The evidence base in predictive analytics is also strengthening. A systematic review devoted 

to evaluating outcomes through learning-analytics systems in higher education shows that existing 

models rely mainly on a student’s or cadet’s prior performance and demographic data but do not 

adequately account for the specific factors of the learning process and the curriculum itself. A rapid 

review of the application of machine learning in engineering education likewise confirms the 

possibility of highly accurate prediction, yet reveals problems with data quality and with putting 

models into practice. Thus, the value of predictive analytics lies not only in accurate forecasting but 

in the timely pedagogical intervention undertaken on its basis. 

Summarizing the evidence above, the traditional educational process and a process enriched 

with data analytics and AI can be compared along several key criteria. The table below summarizes 

these differences. 

Criterion Traditional educational process Process enriched with data analytics 

and AI 

Basis of the 

approach 

Relies on the teacher’s experience 

and observation; decisions are 

often intuitive 

Based on evidence derived from 

activity logs and assessment data 

Degree of 

personalization 

The same content and pace are set 

for the entire group 

Content, difficulty, and pace are 

adapted to each student and cadet in 

real time 

Feedback Delayed (several days or weeks) 

and generalized 

Immediate, individualized, and 

precisely targeted 

Risk 

identification 

Underperforming students and 

cadets are often identified late, 

after the exam 

Predictive models flag risk mid-

semester, before underperformance 

sets in 

Assessment Manual, labor-intensive, with a 

high likelihood of subjectivity 

Automated and reproducible; frees 

up the teacher’s time 

Scalability Limited by the number of teachers Capable of serving thousands of 

students and cadets simultaneously 

Role of the Source of knowledge and primary Mentor, designer of the process, 
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teacher deliverer and interpreter of analytical results 

As the table shows, the principal advantage of artificial intelligence lies not in any single 

function but in its transformation of the very logic of the educational process - the shift from 

intuitive to evidence-based decisions, from delayed to immediate feedback, and from mass 

uniformity to an individualized approach. Usage statistics support this: the fact that 86 percent of 

students use AI regularly, together with the positive effect sizes, shows that the technology meets a 

real demand and yields measurable results. At the same time, the “role of the teacher” row in the 

table advances an important conclusion: AI does not push the teacher out but transforms the teacher 

from a deliverer of knowledge into a mentor who designs the process and interprets analytical 

results. This does not diminish the educator’s role; on the contrary, it demands new competencies of 

them. 

An analysis of international experience points to several practical directions for Uzbekistan. 

The country has a strong political and strategic framework, but the real impact of the technology 

will be decided at the implementation stage - at the level of data standards, teacher qualifications, 

Uzbek-language content, and ethical oversight. Most importantly, implementation must be 

evidence-based, phased, and accompanied by mandatory evaluation: unless each deployed system is 

measured for its effectiveness, the investment may not yield the expected results. 

CONCLUSION 

Analyzing the data accumulated in the digital learning environment and using artificial 

intelligence make it possible to improve the educational process significantly. Meta-analyses 

confirm the moderate-to-strong positive impact of adaptive systems and generative AI tools on 

learning outcomes (effect sizes ranging from g = 0.42 to g = 0.86). At the same time, the analysis 

shows that this impact is not automatic but conditional: it depends on sound pedagogical design, 

reliable data, ethical oversight, and well-prepared educators. The technology does not replace the 

teacher but transforms the teacher’s role from a deliverer of knowledge into a specialist who 

manages the process and interprets analytical results. 
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