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assessment, credit- methodological recommendations for instructional design.

module system.

1. INTRODUCTION

In accordance with the national strategy "Digital Uzbekistan — 2030" and the concept for the
development of higher education of the Republic of Uzbekistan, digitalizing educational
processes, organizing students' independent learning activities to meet the standards of the
credit-module system, and preparing competitive IT personnel for the digital economy are
among the paramount tasks. In complex, cognitively demanding fields such as programming
and Computer
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Science, students' baseline knowledge, speed of logical reasoning, and individual learning
pace differ substantially.

In traditional educational environments, instructors are compelled to deliver a single,
standardized curriculum and assignments of uniform complexity to all students (tailored to an
average baseline). This situation, on one hand, artificially constrains the cognitive growth of
talented students, while on the other hand, induces high cognitive overload (cognitive overload)
and frustration among underprepared students, leading to academic failure and dropout.

To resolve this methodological contradiction, implementing intelligent diagnostic digital
learning environments that accurately profile students' individual cognitive capabilities and
provide personalized learning pathways in higher education institutions serves as an effective
solution.

2. LITERATURE REVIEW

The pedagogical, didactic, and conceptual foundations of creating digital learning resources
and digital learning environments have been extensively explored in the research of Uzbek
scholars U. Sh. Begimqulov and N. I. Taylaqov. They established that implementing digital
packages in the educational process requires strict adherence to principles of interactivity, visual
representation, orientation toward autonomous knowledge acquisition, and motivational impact.

In the context of higher education digitalization and credit-module systems, the pedagogical
effectiveness of digital platforms (such as Moodle and HEMIS) has been investigated by B. Sh.
Usmonov, M. Abdurashidova, and G. Xolmirzayeva. These studies demonstrate that digital
tools elevate the educational format to a qualitatively new level, enabling efficient organization
of independent study hours and continuous remote monitoring of academic engagement.

At the international level, issues of intelligent diagnostics and automated assessment in
programming education have been investigated by S. R. Nurdin (algorithmic testing via the
Fisher-Yates shuffle), J. Sweller (Cognitive Load Theory), R. Lister, and S. Sentance (SOLO
taxonomy and the PRIMM teaching cycle). In the era of Generative Al and Learning Analytics,
resecarchers such as A. Atta, M. Jukiewicz, and E. Frankford have demonstrated the benefits
of integrating Al modules (such as ChatGPT and Socratic Al-Tutors) into the educational
process to foster logical reasoning and debugging skills.

3.  PEDAGOGICAL AND METHODOLOGICAL ADVANTAGES OF
INTELLIGENT DIAGNOSTIC ENVIRONMENTS

An intelligent diagnostic digital learning environment designed for programming education
differs from traditional teaching packages and static digital textbooks through five fundamental
pedagogical advantages:

3.1. Asynchronous and Personalized Learning (Asynchronous Learning)

Students engage with learning materials independently of strict class schedules, studying at a
convenient time, place, and personal learning pace. Auto-grader and automated testing modules
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embedded in the system evaluate student code in real time (24/7), providing instant feedback
without requiring direct teacher intervention.

3.2. Adaptive and Differentiated Approach (Differentiated Learning Pathways)

The system categorizes students into three distinct groups based on their baseline logical and
algorithmic preparation:

o High Level (Analytical/Creative): Continuous cognitive development of talented students
is ensured through complex, non-standard tasks, Parsons Puzzles, and project-based
assignments.

o Intermediate Level (Technological): Standard algorithmic and software problem-solving
tasks.

o Low Level (Executive/At-Risk): Scaffolding guidance (scaffolding) and worked-example
code solutions (worked-examples) are provided to minimize cognitive load.

3.3. Socratic AI-Tutor and Cognitive Support

The core didactic rule of the integrated Al module is never to provide ready-made code
solutions. The Al-Tutor operates using the Socratic method (asking guiding questions and
prompting the student to locate logical errors independently). This prevents copy-pasting ready-
made solutions and encourages independent logical and metacognitive reasoning.

3.4. Process-Based Assessment and Academic Integrity (Process-Based Assessment)

While traditional education evaluates only final code submissions, the object of evaluation
in an intelligent diagnostic environment is the digital trajectory of code creation. The
system analyzes student "digital footprints," assessing time-on-task (time-on-task), compilation
attempt counts (attempts), code editing history (keystroke dynamics), and dialogue prompts
submitted to the Al (prompt logs). This approach completely eliminates plagiarism and
uncritical code copying.

3.5. Learning Analytics and Monitoring for Instructors

Instructors monitor the cognitive growth dynamics of both the whole group and individual
students in real time via a dedicated Dashboard panel. This enables objective lesson planning
and targeted intervention for struggling students.

4. STEP-BY-STEP METHODOLOGY FOR INSTRUCTIONAL DESIGN

Instructional delivery using an intelligent diagnostic digital environment is structured across
three sequential pedagogical stages:

STAGE l: » Assessing the student's baseline logical-algorithmic
INTRODUCTORY potential.
(PRE-TEST) & Syntax-free logical and algebraic diagnostic tests.
PROFILING STAGE

STAGE 2: PRIMM (Predict - Run - Investigate - Modify - Make)
FORMATIVE-ACTIVE | teaching cycle.
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(ACTIVE- * Practice using Monaco Code Editor and Socratic Al-

DIAGNOSTIC) STAGE | Tutor.

puzzles).

Cognitive load management (worked-examples & Parsons

STAGE 3: FINAL

* Functional code testing via Auto-grader (Judge0O API).

MONITORING &

Evaluation of process-based indicators (PASI, CEI, EEI).

DIALOGIC DEFENSE
(POST-TEST) STAGE

Oral

individual level.

verification (Code

Review) and determining

5. COMPARATIVE ANALYSIS

INTELLIGENT DIAGNOSTIC ENVIRONMENTS

OF TRADITIONAL EDUCATION AND

Assessment  and| Traditional Learning] Intelligent Diagnostic Environment
Instructional Criteria |Environment
Object off  Only final code file or written]  Digital trajectory of code creation
Evaluation assignment output. and cognitive process (Process-based).
Instructional Uniform for all (at the] Personalized, asynchronous, and
Pacing average group pace). adapted to individual cognitive
capabilities.

Feedback Delayed (several days after] Instant automated real-time
manual  grading by  the|feedback (Auto-grader + Al-Tutor).
instructor).

Nature of Tasks Uniform, static exercises and| Differentiated, adaptive, Parsons
tests. Puzzles, and tailored problem sets.

Degree of.  Subjectivity risk due to the] Completely objective, based on

Subjectivity human factor. Learning  Analytics and  digital
indicators.

Al Integration Restricted or banned| Integrated under pedagogical
(uncontrolled). guidance as a Socratic Al-Tutor.

6. CONCLUSION AND METHODOLOGICAL RECOMMENDATIONS
Implementing intelligent diagnostic digital environments to identify and foster students'

programming aptitude in higher education institutions is a key factor in enhancing educational
quality. This environment eliminates the traditional constraint of "teaching to the average,"

offering each student a personalized learning pathway suited to their cognitive potential.

Practical Recommendations:

1. Redesign programming curricula and lesson scenarios in higher education institutions
based on PRIMM and Socratic AI-Tutor principles.
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2. Implement a multi-factor rating system that relies not merely on final grades, but on
students' digital footprints (Learning Analytics) and process-based performance indicators.
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