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1 Introduction

At present, the development of digital systems,
electronic devices, and digital signal processing tools
is to a significant extent tied to the creation of
software. In turn, training programmers from the
entry-level causes enormous difficulties. The goal of
initial programming training at the university is to
develop the skills of "Computational Thinking" [1],

which includes the following components:
abstraction, decomposition, pattern recognition,
algorithmization, and debugging. A significant

increase in learning efficiency comes from the use of
online platforms for teaching programming, such as
EduCoder [2], [3], HTProgramming [4] and
Codedbrownies [5].

A new stage in increasing the efficiency of initial
programming training is associated with the
introduction of generative artificial intelligence.
Text-based generative systems have a chatbot as the
front end to interact with the user and are based on
LLMs - generative models that can produce new
content based on the data they are trained on. The
most famous LLMs: are GPT (OpenAl), Gemini
(Google), Llama (Meta), and Claude3 (Anthropic).
User interaction with a chatbot is implemented by
requests. [6] formulated tasks for such chatbots
during the initial programming learning process:
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explaining basic knowledge, constructing code,
explaining code, refactoring code, formatting code,
checking coding style, and commenting on code.
Standard practices for using GenAl in teaching
programming are presented in [7].

Designing and formulating queries in order to
obtain the optimal answer is often called prompt
engineering. An excellent illustration of how to
obtain fantastic results using prompt engineering is
presented in [8], dedicated to contextual additional
training of ChatGPT in the field of bioinformatics.
The GeneGPT presented in this work uses the NCBI
Web API documentation and in-query demonstration
for contextual learning. Then GeneGPT answers
GeneTuring and GeneHop tests using the NCBI Web
APL

To complete the picture, we must also take into
account the opinion of skeptics who believe that at
the initial stage of learning programming, a complete
ban on the use of GenAl by students is necessary [9].

2 Problem Formulation

Initial programming training at universities faces
enormous difficulties and, as a result, a high dropout
rate and insufficient training even for those who pass
the exam. Currently, improving the quality of initial
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programming training is largely associated with the
introduction of generative artificial intelligence into
the learning process. The main directions of such
introduction are discussed further in this paper.

3 Problem Solution

3.1 Specialized Narrow-Topic Developments
[10] presents a product that helps write Python
programs, formatted according to the PEP-8
standard. MMAPR [11] allows you to automatically
correct errors in student programs written in Python.
Codeboard [12] helps students find and correct errors
in the proposed JavaScript programs through
dialogue. [13] presents a product that provides
automatic control of compliance with rules for Java
programs posted by students on GitHub. [14]
describes a program that helps students carry out
tasks on SQL queries to PostgreSQL in a dialogue.
[15] and [16] presented developments that help
students complete programming tasks in dialogue,
answering their questions and offering explanatory
examples.

3.2 Platforms that Allow Students to
Transparently Interact with ChatGPT

It seems more effective to integrate GenAl into

online systems for training and testing programs. The

following systems offer this approach.

TutorBot+ [17], [18] is integrated into a WEB
training system and an online program testing
platform; it allows you to take the conditions of
problems, obtain solutions in dialogue with GenAl,
and check solutions.

KOGI [19] is a learning support system that
integrates ChatGPT and the Jupyter framework.
KOGTI helps the student get advice from ChatGPT in
response to errors and questions. KOGI is
implemented in two introductory  courses:
Algorithms, and Data Science. As a result, there is a
significant reduction in the number of unresolved
student errors and teachers receive information about
questions and errors.

IPSSC - Intelligent programming scaffolding
system using ChatGPT, [20].
Instead of having the student interact directly with
ChatGPT, the authors developed three modules:
Solution Assessment (SA), Code Assessment (CA),
and Free Interaction (FI). In the SA module, students
decompose a complex problem into several simple
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ones and abstract them so that the solution is suitable
for similar problems (thus, this module focuses on
decomposition and abstraction). In the CA module,
students design algorithms, write code, and
continuously debug code, using the module to
identify errors in the code, and then fix them.
ChatGPT helps improve algorithms and code. In the
FI module, students can interact with ChatGPT
directly, discussing topics that are not covered in the
SA and CA modules.

Coding Step [21] is a web application designed
to teach the basics of Python programming. It is a
beginner-friendly programming environment with a
series of exercises introducing new concepts. The
student can move through these tasks independently
with access to the GenAl code generator from
OpenAl Codex. Users enter text describing the
behavior of the program in natural language, and by
clicking on the “Generate Code” button they receive
a program generated by OpenAl Codex. Each Codex
API call is customized by adding predefined
examples, existing code in the editor, and user-
requested behavior. This ensures that the GenAl code
generator will generate Python code for the novice
programmer that matches the user's context. Students
work with the generated code. This approach reduces
the number of errors and reduces the time to
complete the task.

LearningProgrammingWithGPT [22] is an
environment that is used by students in the CS1
course when learning Python. The course integrates
ChatGPT as a means to support students and
instructors in the classroom. The platform acts as a
medium between students and their GenAl instructor,
providing personalized educational material based on
pre-prompts built into student requests. The training
program itself consists of three parts:

1) Introduction — Variables — Operators
— Input and Output

2) Comments — Conditions — Arrays
(Lists) — Errors and Debugging

3) Loops — Functions — Library

GPTutor [23] is an extension for VS Code that
supports more than 50 programming languages,
including C, C++, Java, Python, and C#. GPTutor
allows users to customize tooltips for different
programming languages and scripts. It provides code
explanations, reviews, and customizable tooltips. The
Python course (8 weeks) includes assignments for a
week on the topic of the week (students can use
ChatGPT); homework (students can discuss difficult
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issues with ChatGPT); individual mini-project in the
last week - a unique program of less than 1000 lines
of code, on any topic from games to chatbots, you
can use ChatGPT, but include the ChatGPT dialogue
in the report. ChatGPT can be used not only for
debugging, explanation, and optimization, but also
for brainstorming ideas, clarifying project
requirements, and gaining a deeper understanding of
the technical aspects of the project.

Copilot [24] is a GenAl assistant that uses LLM
trained on billions of lines of code and is available as
a free IDE plugin for students. Copilot can generate
correct and readable code in common programming
languages.

[25] additionally provides a check for plagiarism.

3.3 Help without Providing Solutions

As part of a constructive response to skeptics GenAl
in initial programming education products are being
developed that monitor and modify student requests
and GenAl responses in such a way as to provide
assistance without presenting solutions.

The developers of CodeHelp [26], [27] claim that
programming teachers have huge problems being
able to devote enough time to each student. LLM
models help students solve their problems, but there
are two types of dangers: solving problems instead of
students, and solving problems incorrectly. CodeHelp
provides students with on-demand help without
offering immediate solutions, an example of a
"Socratic" tutor who avoids revealing solutions
directly to the wuser. CodeHelp supports any
programming language because it uses GenAl. At the
same time, the authors emphasize that CodeHelp is
not a replacement for a human teacher, but an
addition to it. A student can ask for help at any time
and immediately receives a response - advice without
providing a complete solution, which is obtained by
queries to the Al based on student input. In addition,
the teacher has the opportunity to monitor student
work. CodeHelp is designed to answer any student's
questions without generating a solution code,
regardless of the wording of the request. This is
achieved by a series of different queries that include
instructions not to generate code, and separately
verify that the code is not present in the response
from the LLM. The goal is to ensure that students
receive step-by-step help, as a mixture of natural
language and pseudocode, students must write the
correct code themselves. CodeHelp also uses prompts
to generate “positive and approving” responses, just
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like a “human teacher” does. CodeHelp developers
emphasize three main characteristics of their digital
teacher assistant: teach, rather than give ready-made
solutions, conduct effective dialogue, and take into
account the student’s level of preparation.

CodeAid [28] also avoids direct answers with
code, trying to guide the student to solve the
problem. CodeAid allows students to: ask a general
programming question, ask a question about the
presented code, ask for an explanation of the
presented code, help fix a bug in the presented code,
and help write the code. During the semester of
testing, the following data was collected that allowed
the authors to improve CodeAid: more than 8,000
student interactions with CodeAid and their
evaluation of the generated response, 10 weekly
student reports on the use of CodeAid and other
resources, 22 student interviews about CodeAid, a
final anonymous review comparing CodeAid with
ChatGPT.

The developers of NotebookGPT [29] believe that
direct use of ChatGPT can interfere with student
learning, so NotebookGPT gives access to GPT but
does not return complete solutions, providing:
feedback on programming style, explanations of how
pieces of code work, help with debugging code, the
ability to see alternative solutions to problems.

AI TA [30] helps students perform decomposition
- that is, partitioning tasks into subtasks. According
to Al TA developers, models such as ChatGPT,
LLaMA, and Gemini in the context of teaching
programming show remarkable abilities to
understand, generate, and explain code, making them
strong candidates for Teacher Assistants in
programming courses. They can correct errors in the
code, explain why errors occurred, and discuss
possible approaches to solving various programming
problems. However, there are also problems - they
can generate erroneous code and even different
answers to the same question. That's why Al TA
supports “Subgoal learning” an effective learning
strategy that helps students break down complex
problems into subtasks.

StAP-tutor [31] provides recommendations of the
next step to solve the problem. Experiments have
shown that in most cases StAP tutor recommends the
correct step, and it is personalized to the student's
code and approach. However, there are also cases of
erroneous advice.

TeachYou+AlgoBo [32] offers an LBT (learning
by teaching - teaching yourself by teaching
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someone). Here TeachYou is an LBT environment
for teaching algorithms, and AlgoBo is a learning
chatbot for problem solving. Instead of designing
learning agents from scratch, the authors propose a
top-down methodology in which they use different
LLMs to simulate learners. In their formative study,
the authors asked 15 novices in programming to
perform LBT with ChatGPT, who were promptly
asked to act as learners. The authors found that it is
necessary to: limit the level of knowledge of the
LLM agent, agent-initiated questions “why” and
“how”; feedback on teaching and learning methods.
As a result, the author's approach assumes that in
TeachYou, the student solves an algorithm
programming problem (for example, binary search)
and then reflects on this work by teaching AlgoBo.

3.4 Platforms for the Development of
Intelligent Teaching Systems

Further increases in efficiency are associated with the

development of platforms for creating GenAl tutors,

[33].

VoLL-KI [34] is a research project with the goal
of creating a set of tools at different levels of
abstraction to improve the learning process in
universities using artificial intelligence. This means
tools such as training planning; recommendation
systems for services for answering student questions
and selecting educational materials; training using
virtual reality; educational chatbots; adaptive
learning environments;

The practical implementation of the Apprentice
Tutor Builder (ATB) platform for creating intelligent
teaching systems (ITS) is described in [35]. ITS is an
educational technology that provides students with
course content, individually proposed practical tasks,
and effective feedback. According to the authors of
ATB, ITS are very effective, but their development is
complex, time-consuming, and requires special
programming and teaching knowledge, which
hinders their widespread use. That’s why the authors
are developing ATB, a platform that simplifies the
creation and personalization of ITS tutors. A teacher
can use drag-and-drop technology to create a tutor
interface, and then interactively train a GenAl agent
to solve problems. Learning is achieved through
repeated  interactive  interactions,  including
demonstrations, feedback, and custom labels. As a
result, you need to spend 200-300 hours on one hour
of training. 14 instructors appreciated the
effectiveness of using ATB but indicated desired
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opportunities to reduce development time. As a result
of the analysis of this test work, the authors created
many recommendations for using the ATB platform
and the GenAl agent.

3.5 Help the Teacher

A separate direction for GenAl is to help for
teachers. Here we can note such products as
Robosourcing [11] for generating practical tasks in a
scalable manner, VizGroup [36], providing control
over student activities in large classes (100+
students), checking student solutions using ChatGPT
[37], PAIGE [38] is a fraud detection system that
identifies texts written by GenAl rather than by
humans.

3.6 Reflective Works

[39] proposes ways to use ChatGPT for self-learning,.
[40], [41], [42] describe the advantages and
disadvantages of wusing GenAl for teaching
programming. [43] presents the results of a survey of
students about the benefits and problems of using
GenAl to teach programming. The collection and
analysis of student chat protocols in an introductory
programming course is proposed in [44]. A
technology for testing ChatGPT's ability to answer
programming questions was proposed in [45]. [46]
offers the experience of “How to teach solving
problems using examples”. [47] proposes to solve the
problems of the progress of artificial intelligence in
initial programming teaching, using approaches
proposed in teaching mathematics after the invention
of calculators and computers.

4 Conclusion

To summarize, the capabilities of GenAl described in
the article can be divided functionally into two
groups:

- How students can use GenAl: automatic syn-
tax correction, completing assignments, ob-
taining multiple solutions to one problem, re-
ceiving explanations for solutions and error
messages, and in the future, getting a virtual
teacher.

- How teachers can use GenAl: generation of
programming assignments, generation of new
exercises based on existing ones, contextual-
ization of task conditions, and evaluation of
student work.
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Options for future programming training with
GenAl code generation:
Ideally, change tasks so that students can use code
generation and at the same time gain their own
problem-solving skills.

Radicals propose a shift in focus in programming
courses. Al code generators can solve low-level
implementation problems, and students will develop
high-level algorithms. Because software developers
in the future will be more focused on project-oriented
roles, the focus of courses should change to
developing Al code generator queries, code
evaluation, and debugging.

Rationalists suggest teaching beginners using
traditional approaches and teaching AI code
generation in subsequent courses.
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