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ilmlari va muhandislik texnologiyalari sohasidagi innovatsion tadqiqotlar aks etgan.
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rivojlantirish bo‘yicha amalga oshirilayotgan islohotlar samarasini yaxshilash sohasidagi
ilmiy-tadqiqot ishlariga alohida e’tibor qaratilgan. Zero iqtisodiyotning, ijtimoiy
sohalarni gamrab olgan modernizatsiya jarayonlari, hayotning barcha sohalarini
liberallashtirishni talab qilmoqda.

Ushbu ilmiy ma’ruza tezislari to‘plamida mamlakatimiz va xorijlik turli
yo‘nalishlarda faoliyat olib borayotgan mutaxassislar, olimlar, professor-o‘qituvchilar,
ilmiy tadqiqot institutlari va markazlarining ilmiy xodimlari, tadqiqotchilari, magistr va
talabalarning ilmiy-tadqiqot ishlari natijalari mujassamlashgan.
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Abstract: This paper analyses the pedagogical effectiveness of Al-based
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One of the pressing challenges facing higher education in the context of digital
transformation is the individualization of learning in line with each student's level of
knowledge, pace of mastery and cognitive characteristics. In traditional classroom
instruction, the teacher tends to address the “average” student in the group; as a
result, high-potential students are insufficiently challenged, while lower-achieving
students fall behind. B.Bloom described this situation as the “2 sigma problem™:
students tutored one-to-one outperformed their peers in conventional classes by an
average of two standard deviations [1]. Since one-to-one tutoring is economically
unfeasible in mass education, the idea of modelling it by technological means laid
the foundation for the emergence of adaptive learning systems.

In the Republic of Uzbekistan, this direction is supported at the level of state
policy. The Concept for the Development of the Higher Education System until 2030
sets the task of the wide introduction of digital technologies into the educational
process [2], while the resolution on the accelerated introduction of artificial
intelligence technologies provides for creating conditions for their application in the
economy and social sphere [3].

An Al-based adaptive learning system is understood as a software and
pedagogical system that continuously collects and analyses data on a student's
learning activity and, on this basis, adjusts the learning content, task difficulty, mode
of presentation and nature of feedback in real time. Such systems typically comprise
a domain model (the knowledge to be learned and the relationships between its
elements), a student model (level of knowledge, typical errors, learning
characteristics) and a pedagogical model (rules determining which instructional
action to take in a given situation) [4]. Artificial intelligence techniques — machine
learning and natural language processing — transform these models from a static set
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of rules into a dynamic, self-improving system, enabling automatic task generation,
analysis of open-ended answers and prediction of the student's next step.

Research conducted abroad provides empirical support for the pedagogical
effectiveness of adaptive systems. According to K.VanLehn, the effect size of step-
based intelligent tutoring systems (ITS) reached 0.76, closely approaching that of
human tutoring (0.79) [5]. A meta-analysis by W.Ma and colleagues found that the
use of ITS produced higher outcomes than teacher-led large-group instruction (g =
0.42) [6]. Having analysed 50 controlled evaluations, J.Kulik and J.Fletcher reported
that in 92% of them students taught with ITS outperformed the control group, with
a median effect size of 0.66 [7].

The main findings of these meta-analyses are summarized in Table 1. The
results were interpreted using J.Cohen's benchmarks: 0.2 — small, 0.5 — medium and
0.8 — large effect [9].

Table 1
Findings of meta-analyses on the effectiveness of intelligent tutoring
systems
Source Comparison Effect size
K VanLehn, 2011 [5] St.ep-based ITS vs. instruction d=076
without tutoring
W.Ma et al., 2014 [6] HS VS. 'teacher—led large-group g=042
Instruction
J.Kulik, J.Fletcher, |ITS vs. conventional instruction median = 0.66
2016 [7] (50 studies) )

As the table shows, all three meta-analyses report ITS effects of at least
moderate magnitude. The dependence of effectiveness on the type of feedback is
clearly illustrated by K.VanLehn's data (Figure 1).
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Figure 1. Effectiveness of tutoring systems by type of feedback (based on
K. VanLehn's data [5])
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The chart leads to an important pedagogical conclusion: the difference
between systems that check only the final answer (d = 0.31) and systems providing
step-by-step feedback (d = 0.76) is nearly 2.5-fold, while step-based systems almost
match human tutoring (d = 0.79). Breaking feedback into units finer than a step (d =
0.40) did not increase the effect. Thus, the effectiveness of an adaptive system is
determined not by technological complexity, but by feedback organized at a
pedagogically optimal level of granularity[10].

At the same time, research shows that effectiveness is not guaranteed
automatically. In particular, J.Kulik and J.Fletcher noted that effect sizes were
considerably higher on tests developed by the researchers themselves than on
standardized tests [7]. O.Zawacki-Richter and colleagues found that most studies on
Al applications in higher education show weak connection to pedagogical theory
and give insufficient attention to the role of the teacher [8]. Consequently, the
pedagogical effectiveness of an adaptive system depends not on the technology
itself, but on its sound instructional design and integration into the learning
process[11].

Based on this analysis, the following factors determining the pedagogical
effectiveness of an adaptive learning system can be identified: the accuracy and
continuous updating of the student model; the timeliness and informativeness of
feedback — not merely “correct/incorrect”, but an explanation of the cause of the
error; the differentiation of tasks by cognitive level; and the teacher's management
of the learning process on the basis of analytics provided by the system[13].

Relying solely on final grades is insufficient for assessing pedagogical
effectiveness. In our view, it is advisable to assess it using a set of criteria: a
cognitive criterion — the dynamics of knowledge acquisition and performance on
tasks at the higher levels of Bloom's taxonomy (analysing, evaluating, creating); an
activity-motivational criterion — engagement in independent work, time spent on
tasks and consistency of participation; and a metacognitive criterion — the accuracy
of students' self-assessment of their knowledge and their ability to plan their own
learning[12].

Within the framework of our research, the adaptive learning platform
“EduPlatforma” is being developed for teaching programming courses. The platform
is designed to provide Al-assisted evaluation of learning resources and generation
of test items, adaptive testing, analysis of tasks by the levels of Bloom's taxonomy,
and recording of students' learning behaviour indicators — time spent per question,
loss of focus and answer changes. These indicators make it possible to assess not
only the learning outcome but also the learning process itself, that is, to measure the
metacognitive and activity-motivational criteria outlined above. Determining the
pedagogical effectiveness of the platform through a pedagogical experiment is
planned for the next stage of the research.

In conclusion, Al-based adaptive learning systems have considerable potential
for individualizing learning and developing students' cognitive competencies.
International meta-analyses indicate that their effectiveness relative to traditional
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instruction is moderate to large. However, realizing this potential requires that such
systems be designed on the basis of pedagogical theory and that their effectiveness
be assessed using a combination of cognitive, activity-motivational and
metacognitive criteria.
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