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ABSTRACT

This study explores the potential and effectiveness of using large
language models (LLM) of artificial intelligence (Al) based on
GPT for enhancing, optimizing, and extending website code in
during the development and technical auditing stages. The
research is grounded in experiments conducted with commercial-
purpose websites developed by university students. General
characteristics and a list of essential elements and functions of
the websites are provided; these sites were built using HTML,
CSS, and JavaScript technologies, based on original projects and
designs. Both ChatGPT and GitHub Copilot demonstrated high
performance in completing the assigned tasks, with ChatGPT
showing broader capabilities, especially in the role of a tutor. Al
proved useful in analyzing website structure and design, offering
suggestions for technical and SEO optimization, and proposing
innovative solutions that significantly improved functionality.
The findings support the integration of Al into the educational
process for training specialists in programming and web design
in higher education, positioning it as an additional tool for code
development, optimization, and refactoring. Particular emphasis
is placed on the importance of a critical approach to Al-generated
recommendations and the ability to conduct productive dialogue.
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1. INTRODUCTION

One of the most widely debated topics in higher education today
is determining the role of artificial intelligence (Al) in studying
various academic disciplines and how it can be integrated with
traditional teaching methods. This also concerns its impact on the
content of future jobs and required competencies. The role of
educators and approaches to mastering the essential knowledge
in each professional field have undergone significant
transformations.

Despite numerous publications reasonably highlighting the
threats posed by Al — such as diminished critical thinking and
reduced development of students' intellectual abilities when they
rely entirely on Al for solving complex problems — a significant
number of researchers emphasize the importance of
incorporating Al and its vast knowledge base into the educational
process, especially in higher education. This is a reality that must
be acknowledged, with an urgent need to identify effective ways
to integrate Al into training for future professions. The
challenges and opportunities associated with Al were discussed
in Mustafa Suleyman’s recent book [1].

In a world where artificial intelligence is rapidly integrating into
all spheres of life, the issue of the future of work is becoming
increasingly relevant. A study conducted by the Upwork
Research Institute [2] examined the causal impact of generative
Al on freelancers’ employment and income opportunities. The
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data analysis showed how generative Al is transforming work. A
review of past technological suggests that Al will have a dual,
contrasting impact on employment.

Firstly, there is the widely discussed substitution effect, where
certain jobs are disrupted as specific tasks become automated.
However, equally important is the less-discussed restoration
effect — where newly created work opportunities eventually
increase income, as new technologies generate new tasks in
which human labor has a comparative advantage. Typically, the
substitution effect is more noticeable in the short term, but as new
jobs and roles emerge in the medium and long term, the
restoration effect is expected to outweigh it. Over time, the
impact of new technologies often balances itself out, giving way
to many new skills and opportunities that were previously
impossible or non-existent.

Generative Al has increased both the total number of job
opportunities and the income of freelancers per newly created
contract. This indicates a growing demand from clients for work
performed by independent professionals. These new projects
generally promote skilled, knowledge-based work, offering
greater task complexity and diversity for the workforce.
Historically, technology has created more employment
opportunities than it has eliminated, as society evolves,
innovates, and discovers new ways of working.

Microsoft co-founder Bill Gates has shared his thoughts on the
professions he believes will remain beyond the reach of Al [3].
He argues that while Al is capable of automating many tasks in
manufacturing, logistics, and agriculture, there are still
professions requiring human intuition, creativity, and critical
thinking — capabilities that machines have yet to replicate.
Among these professions are programmers and web designers.
Despite Al’s ability to generate code, programmers will continue
to be essential for understanding, debugging, and optimizing Al
algorithms. They will play a key role in ensuring the proper
functioning and ongoing development of Al systems.

The primary objective of this study was to determine to what
extent, and for which specific tasks, the use of language models
based on artificial intelligence can effectively supplement the
learning process — enabling time savings in website development,
editing, or code optimization. It is essential to understand the
logic behind Al's operation to assess whether it performs tasks
correctly or sometimes "misses the point." The experiment used
several similar website templates created by students using
fundamental web technologies as part of their portfolios, suitable
for use by various business companies.

2. TRADITIONAL LEARNING METHODS AND THE
SELECTION OF Al MODELS FOR WORKING WITH
CUSTOM CODE IN WEB DESIGN AND WEB
TECHNOLOGIES

Traditional web technology education involves the development
of fundamental skills in HTML and CSS for building web
application structure and UI/UX design, as well as the use of the
JavaScript programming language to add dynamic and
interactive functionality to websites. These tools hold leading
positions in web development, as confirmed by regular reports
from analytics companies (e.g., [4]).

A well-designed layout, content, and functionality are crucial to
a website’s commercial success and its ability to meet defined
objectives. Even at the beginner level, students must master these
basic technologies, learn how to debug their code, and
continuously improve their skills. Professional developers are
also expected to work with JavaScript libraries and frameworks,
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which vary in purpose and structure [5]. Backend development
represents a separate domain. A web developer's specialization
may focus on frontend, backend, or graphic design. An essential
aspect of the development process is performing technical
optimization of the website before deployment.

Given the vast range of available web technologies and their
specific toolsets, university-level web development education
must include substantial time investment (no less than 10 ECTS
credits), along with independent exercises and student-led
learning.

The initial learning stage involves understanding the basic
HTML structure of a webpage and the purpose of various tags,
replicating ready-made examples, and creating layout drafts
based on given properties. This phase emphasizes learning,
comprehension, and retention. The next step is the application of
Cascading Style Sheets (CSS) for more precise, compact, and
systematic descriptions of each webpage element’s properties. At
this point, students face challenges such as writing clean and
reusable code, unifying styles across similar elements, selecting
appropriate images, and setting goals for future design
improvement.

Introducing JavaScript elevates the learning process to a new
level by enabling event handling and improving UI/UX design.
We explore the capabilities of the language’s functions and
methods to create dynamic effects and interactive interactions.
Instructor-led classes should be supplemented with online
resources, such as W3Schools Online Web Tutorials [6].
Ultimately, students acquire the skills to independently develop
websites on specific topics with defined properties. This
represents the analytical and decision-making phase. At this
stage, significant time is also spent on verifying code correctness,
browser compatibility, and optimization. To reduce routine work
— particularly in code editing and improvement (refactoring) —
the use of artificial intelligence may be considered.

To choose suitable Al models, we analyzed the capabilities of
various platforms. Numerous online sources provide reviews of
the top 10 tools offering Al-integrated website builders for fast
development of commercial websites of varying complexity [7].
Among the leaders in this field are platforms such as Squarespace
and Shopify [8-11]. These tools are suitable for users who are
not professional developers but wish to create a product to
support their businesses using ready-made templates and Al-
generated solutions within a selected platform.

After analyzing the strengths and weaknesses of each tool, users
can choose between free versions with limited functionality and
accompanying ads, or paid plans with custom domains, no
advertising, and more personalized solutions and designs. When
teaching web technologies, we introduce students to these tools;
however, we ultimately prioritize professional web application
development involving custom code and immersion in the world
of professional web design.

In [12], the authors present results on the deep integration of Al
models for code optimization and refactoring in software
engineering. They compare Al-driven tools and frameworks such
as BERT (for code comprehension using NLP), LLVM (for
redundancy detection), and Transformer models (for
performance enhancement and real-time code suggestions). The
article examines the features of these models and concludes on
the effectiveness of supervised, semi-supervised, and
unsupervised learning approaches. These tools have proven
effective in solving complex computational programming tasks.
More relevant to our research are GPT-based models applied to
code improvement. Initially, GPT models were used for natural
language processing, but later found use in code-related tasks,
including translating code between languages, generating
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comments, and refactoring. These models process code in the
same way they handle human language, enabling them to
understand how different programming languages work.

Studies [13-14] have examined the democratizing impact of
large language models (LLMs) on software development.
Researchers noted that LLMs and GPT-based systems
significantly enhance programmer productivity by automating
routine tasks and offering real-time code suggestions. This
contributes to a deeper understanding of software engineering
and offers insight into the future trajectory of the field.

Research [15] analyzes the use of Al tools (GitHub Copilot,
Azure Al) in .NET web application development. It describes
code generation scenarios, bug detection, refactoring, and
performance aspects, highlighting benefits such as productivity
gains and reduced technical debt, as well as potential risks related
to reliability and security.

In [16], the authors study the efficiency and maintainability of
code generated by Al tools (Copilot, GPT-4, CodeWhisperer,
ChatGPT) when solving LeetCode tasks. Copilot achieved the
highest success rate (50% of solutions), while ChatGPT was the
only tool to solve a complex task. Some incorrect outputs
required only minor corrections, which significantly reduced
development time.

Based on this analysis, we selected accessible GPT-based LLMs,
specifically ChatGPT and GitHub Copilot, to conduct our own
research using code samples developed during university-level
web development coursework.

®J File Edit Selection - « >
EXPLORER < index.html X
veae [ ERE U @ <> index.html > ...
> images 1 <IDOCTYPE html>
. v <head>
script.js
# styles.css

10 </head>
11 ~ <body>

3. CHARACTERISTICS OF THE WEBSITES SELECTED
FOR AI-BASED ANALYSIS AND OPTIMIZATION

To explore the capabilities and effectiveness of artificial
intelligence in code optimization and editing of websites, several
similar webpages developed by students at the end of an
introductory web technologies course were selected for analysis.
When setting the tasks, the functional and design quality
requirements of commercial products — as typically defined by
real-world IT companies specializing in web development and
cooperating with universities — were taken into account [17].
The technical specifications, design planning, and formulation of
plausible content and functionality requirements for these
websites were guided by a case-based learning approach [18],
which helped students understand the real-world contexts and
business goals that websites are intended to serve.

In their final form, all websites were created as landing pages —
commercial promo site templates for different business domains
such as a coffee shop, a language school, energy efficiency
services, and others. Each site consisted of 4 to 6 themed
sections, including a main banner, navigation menu, slider,
company reviews/testimonials, a contact form, and other
standard components. Development was carried out in the VS
Code environment. A part of the workspace is shown in Figure 1.
The visual appearance of the top section of one of the websites is
presented in Figure 2.

pCafe @\’ 08 U EI [

2

3

4 <meta charset="UTF-8">

5 <title>Brew Haven H Your Daily Dose of Coffee Bliss</title>

6 <l-- Link to €55 file -->

7 <link rel="stylesheet"” href="styles.css">»

8 <!-- Google Fonts --»

9 <link href="https://fonts.googleapis.com/css2?family=Lora:wght@4ee;

Figure 1. HTML file structure in VS Code and project folder for the coffee shop website

Brew Haven

Welcome
Our Story
Coffee Menu

Subscription

Get in Touch

rich aromatic experience.

Start Your Journey

Your Daily Dose of
Coffee Bliss

Discover the finest coffee blends and immerse yourself in a

Figure 2. Visual layout of the top section and side navigation menu of the coffee shop website
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The layouts were primarily designed using Figma. The HTML
file of the page contained around 160 lines of code with markup
tags. The block structure of each page was built with HTML and
included semantic tags such as <nav>, <footer>,
<section>, <main>, <aside>, in addition to the universal
<div> and <span> tags. One original design solution was the
side navigation menu block, which remains fixed on the page.
The markup of this menu is shown in Figure 3.

14 <nav id="side-nav">

15 <div class="logo">

16 <h1>Brew Haven</hl>

17 <fdiv>

18 <ul>

19 <lix<a href="#home">Welcome</a></1i>

20 <li»<a href="#story">0ur Story</a></1li>

21 <li><a href="#menu">Coffee Menu</a></1i>

22 <lix<¢a href="#subscription">Subscription</a></1i>
23 <li><a href="#contact">Get in Touch</a></li>

24 </ul>

Figure 3. Markup of the sidebar navigation menu block for the
coffee shop website

CSS styles were used to define the properties of each block, using
tag selectors, classes (.class), and custom #id selectors. Special
pseudo-classes and transformations (e.g., a: hover, scale)
were also applied. For responsive layout, the flex property and its
functions were employed. For instance, Figure 4 shows the
styling of the menu when hovered over with the mouse.

45 #side-nav ul 1i a {l

46 display: block;

a7 color: [#faf7fs;

48 padding: 15px 2@px;

49 text-decoration: none;

50 font-weight: bold;

51 transition: background-color 8.3s;
52 K

53

54 #side-nav ul 1i a:hover {

55 background-color: E#5d4037;
56}

Figure 4. CSS properties for menu items on hover and active
states

During development, students were tasked with code
optimization, considering aspects such as CSS cascading and
property inheritance. Figure 5 shows the "Coffee Menu" section
of the coffee shop site, which features drink images.

Coffee Menu

lore our diverse range of coffee offerings, each with its own unique character.

Signature Latte Americano

Mocha Flat White

Macchiato

Figure 5. Mid-section design of the coffee shop promo website
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All content blocks were uniformly styled using the . card class.
Figure 6 displays the contents of the styles. css file with CSS
properties for typical image and text elements belonging to this
class.

153 ccard {

154 background-color: O#fff;
155 width: 3@@px;

156 margin: 28px;

157 border-radius: 18px;
158 overftlow: hidden;

159 text-align: left;

168 box-shadow: @ 2px 6px Orgba(e,e,e,0.1);
161}

162

163 .card img {

164 width: 108%;

165 height: 288px;

166 object-fit: cover;
167 }

168

169 .card h3 {

17@ padding: 28px;

171 font-size: 24px;

172 color: E#de3d2e;

173 T

174

175 .card p {

176 padding: 8 28px 28px;
177 color: M#5d4637;

Figure 6. CSS rules in styles.css for styling elements of the
.card class

Thanks to CSS cascading, the styling code was concise and easy
to manage. The main .card class defined the shape, size,
background (background-color: #fff;), margins,
rounded corners (border-radius: 10px;), shadow effects
(box-shadow: 0 2px 6px rgba(0,0,0,0.1);),and
other visual properties for each block.

JavaScript was used to implement interactive features such as
pop-up message windows and carousels. Overall, the HTML and
CSS components were developed to a high academic standard.
Buttons, menus, forms, tables, graphs, maps, and other
interactive elements were created using JavaScript. However,
JavaScript at the introductory level poses difficulties for students
due to the need to learn extensive syntax, variable usage, and
function logic. As a result, students often rely on ready-made
templates and examples from reference sites.

The purpose of engaging with artificial intelligence was to solve
tasks such as conducting external quality assessments of the
developed websites, identifying coding issues, and receiving
suggestions  for improvements and enhancements. All
conversations were recorded for further evaluation regarding
their accuracy, quality, sufficiency, and completeness. The
interaction was conducted via ChatGPT.

4. RESULTS OF THE EXPERIMENT USING CHATGPT
AS AN Al ASSISTANT FOR WEB CODE
RECOGNITION AND OPTIMIZATION

The interaction was carried out using ChatGPT, a generative Al
chatbot developed by OpenAl and released on November 30,
2022. It utilizes large language models (LLMs), such as GPT-4o,
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to generate human-like responses in text, speech, and image
formats.

The initial prompt (performed by different users for different
websites) typically included a description of the software product
and the task. For example: “I created a landing page on the topic
of (general theme or type of business). The site is a SPA built
using HTML, CSS, and JavaScript. It includes navigation, a
slider, block text elements, and other components. Please analyze
the site and suggest what can be improved.”

Al Response 1: "Of course, | can help! Please upload the
necessary code or all project files."

The users then uploaded the website files directly into the chat.
The AT’s response consisted of three message blocks:

Block 1: Identified strengths — This section included the
achievements and strong points of the work. For the majority of
the websites, ChatGPT highlighted the following positive
features (the wording is retained from the original Al responses):

1) SPA structure as a universal and lightweight solution for
browser-based use;

2) Stylish navigation — fixed at the top with smooth scrolling;

3) Consistent style and design (if it matched the thematic
purpose);

4) Presence of animations (such as sliders or carousels,
mentioned precisely);

5) Responsiveness and adaptability.

Block 2: Suggestions for improvement, grouped by criteria:

1) SEO and accessibility:

e Replace <html lang="ua"> with "uk" — the official
1SO code for Ukrainian;

e Add alt descriptions to all images, especially to banner
backgrounds (using aria-label or other techniques) for screen
reader compatibility;

¢ Include <meta name="description">.

2) Mobile responsiveness:

e In some blocks, adding snap-x snap-mandatory
overflow-x-auto Wwas suggested to enable swipe
functionality for sliders on mobile devices;

e Footer layout had too many columns — potentially
overwhelming on mobile screens. Suggestions included
switching to two rows or using accordion elements.

3) Slider functionality (in several websites):

o Sliders were non-infinite — moving between slides 0, 1, 2
only, without cycling. ChatGPT provided code fragments to
make sliders loop seamlessly;

e Smooth transitions between slides: “You already use
transition-transform, but for a better UX, consider
adding easing:”

#slider {

transition: transform 0.5s ease-in-out;
}
Block 3: Optional enhancements ChatGPT also added ideas
such as “If you re interested, I can add...” followed by a list of
features.
Further communication required users to explicitly name the
desired improvements. For instance, in one case, the user
accepted the suggestion to create a responsive hamburger menu.
The prompt was: “Yes, please create a responsive hamburger
menu.” ChatGPT then generated the necessary HTML
fragments, CSS properties (Figure 7), and JavaScript code
(Figure 8), which were integrated into the café¢ website via copy-
paste. It then offered to add an animation effect (transforming
three lines into a cross), which was also easy to implement.

460 /* Hamburger Styles */
461 #hamburger {

462 display: none;

463 flex-direction: column;
464 justify-content: center;
465 gap: 5px;

466 background: none;

467 border: none;

468 cursor: pointer;

469 margin-bottom: 20px;

470 |}

471

472 #hamburger _.bar {

473 width: 25px;

474 height: 3px;

475 background-color: [O#faf7f5;
476 transition: all @.3s;
477}

Figure 7. Properties of the hamburger menu added to the
#hamburger 1D, developed using ChatGPT

41  /* Hamburger menu toggle */

42 const hamburger = document.getElementById('hamburger');
43 const navlinks = document.querySelector('#side-nav ul');
44

45  hamburger.addEventListener('click', () => {

46 ‘ navLinks.classList.toggle('active');

47 1)

Figure 8. JavaScript code for toggling the hamburger menu
Following the preliminary audit of the developed promotional

website, the collapsed hamburger menu appeared as shown in
Figure 9.

Brew Haven

Figure 9. Appearance of the collapsed hamburger menu in the
upper part of the website

One of the websites used in the experiment differed from the
others in that it employed the Tailwind CSS framework instead
of a separate stylesheet file. Its use inherently supports
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optimization for landing pages. The framework helps avoid class
duplication and provides a built-in system of breakpoints and
default design tokens, including colors, spacing, and fonts.
Tailwind enables inline styling within HTML through utility
classes, though this can lead to HTML clutter. For example, a
button is described as follows:

<button class="bg-blue-500 text-white px-4
py-2 rounded hover:bg-blue-600">.

The full HTML code of the site (contained in a single file) was
uploaded to ChatGPT with a request to analyze and split it into
three parts, separating all style descriptions into a standalone file.
The Al recognized these requirements and agreed to divide the
code into structure, styles, and JavaScript.

However, despite multiple attempts, the task was not executed
correctly. Even when generating a separate .css file, the source
code still contained embedded styles. As the number of revised
site versions grew, the Al began adding new elements, modifying
content, and eventually making the code unreadable and overly
abstract. Previously implemented tasks from the same user
account (stored in history) began to influence subsequent
answers. This suggests that the Al might adapt to user needs
when encountering similar tasks.

When the user later requested to extract only the scripts into a
separate file, ChatGPT acknowledged this as a step toward
scalability and optimization, providing a brief justification and
refactoring recommendations.

5. RESULTS OF THE USING COPILOT FOR WEB CODE
ANALYSIS, OPTIMIZATION, AND REFACTORING

A comparable experiment was conducted using GitHub Copilot
to assess its capabilities in web code optimization and support.
Copilot is developed by GitHub (a Microsoft subsidiary) in
collaboration with OpenAl. It is a generative Al assistant
powered by the OpenAl Codex language model, an advanced
derivative of GPT, designed specifically for code
autocompletion. Copilot supports dozens of programming
languages including Python, JavaScript, TypeScript, Go, C++,
Java, HTML, CSS, and others. It is fully integrated into
specialized IDEs such as Visual Studio Code, Visual Studio,
Neovim, and various JetBrains IDEs.

All interactions with Copilot were conducted through Copilot
Chat. In contrast to ChatGPT, Copilot Chat only accepts code
snippets, not full file uploads, due to limitations in file handling
support. As a result, code analysis for each component of a
website was relatively general and descriptive, often lacking in
detailed evaluation of the developer's achievements.
Nevertheless, the improvement suggestions were frequently
constructive and, in many cases, more detailed — complete with
inline comments and ready-to-implement code fragments.
Accessibility-focused enhancements proposed by Copilot:

1) Adding aria-label attributes to social media links and
form fields (e.g., aria-label="Your name");

st navHeight = document.getElementById(

window.scrollTo({

2) Ensuring adequate text-background contrast for users with
visual impairments (again referencing tools like WebAIM).

SEO improvement suggestions were consistent and typically

included:

1) Adding meta tags, such as <meta
name="description"> for site descriptions and
<meta name="viewport"> for responsive scaling;

2) Ensuring adequate contrast between text and background
(e.g., using tools like WebAIM to verify accessibility);

In general, Copilot provided more extensive suggestions across
several website tests. These included justifications and generated
code that helped users implement changes efficiently.

JavaScript improvements included:

1) Smooth scroll functionality that accounted for dynamic
navigation bar height — Copilot recommended calculating
the navigation bar height dynamically to accommodate
layout changes on different devices.

2) Automatically clearing form messages after submission,
accompanied by the corresponding script;

3) Adding form validation (e.g., checking for empty fields or
validating email format) in cases where server-side
integration was planned.

The original Al-generated code is shown in Figure 10. UX/UI

enhancements addressed:

1) Close button visibility and behavior;

2) Addition of dark mode as a user toggle option;

3) Animated hamburger menu features — similar to those
proposed by ChatGPT.

Broader professionalization recommendations provided by

Copilot included:

1) Modularizing JavaScript code: extracting logic into separate
files (e.g., navigation.js, form.js) to improve
maintainability and scalability;

2) Using lightweight libraries (e.g., GSAP for animations or
Validate.js for form validation) when more interactivity was
needed;

3) Implementing error handling for edge cases, such as missing
scroll targets or incomplete form submissions.

Overall, the process of improving, optimizing, and refactoring
code with Copilot received high evaluations from all experiment
participants. The tool proved particularly effective in verifying
code correctness, correcting inaccuracies, and introducing
professional enhancements that contributed to more polished
web products. The assessment result - based on a 10-point scale
- are presented in Table 1. The table compares the performance
of both GPT-based Al models (ChatGPT and Copilot) across
several evaluation criteria, using average scores derived from the
subjective ratings of 24 participants.

).offsetHeight;

top: targetSection.offsetTop - navHeight,

behavior:

Figure 10. Al-generated by Copilot code for dynamic calculation of navigation bar height during scroll navigation,
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Table 1. Comparative assessments of the convenience and completeness of individual results of GPT Al models when working with website

codes on a 10-point scale

Criterion

ChatGPT

GitHub Copilot

Notes

Developer and
purpose in
programming

OpenAl, generation,
explanation, debugging of
code, as well as dialogue

GitHub + OpenAl (Microsoft-
owned), mainly used for code
autocompletion in IDEs

Reference information

Convenience and 10 8 Includes chat menu, conversation
comfort of chatting (main function of ChatGPT) | (additional but not primary function) | saving, structured replies
10 8

Methods of uploading
data for analysis

(listing, code parts, files of
various types, archives)

(code listing, code snippet in

Based on supported code upload
formats

Ability to understand 10
third-party code and (complete structured

programming language)
8

(sufficient understanding, limited

Includes analysis of websites on
various topics

explain algorithms analysis) algorithm explanation)
Code generation based 10 10 Code generation occurred after
on code analysis (fast and correct) (fast, detailed, with comments) developer confirmation
r r Rt
party code (all types of optimization) (all types of optimization) of suggestions
To learn effectively, one needs to

Effectiveness as a - 10 . . 9 . master programming basics and web

(acts like an experienced (explains, breaks down its own code,

mentor teacher)

but with limitations)

layout to interact with Al clearly and
formulate tasks precisely

The results showed that GPT models exhibited a strong
understanding of the structure and intent of the code, were
capable of conducting syntactic analysis, effectively identified
deficiencies in implementations, and provided meaningful
suggestions for improvement.

6. CONCLUSIONS

Through multifaceted research on the use of large language
models of artificial intelligence, exemplified by ChatGPT and
Copilot, in the process of improving and optimizing website
code, a number of positive results were obtained. The overall
results of the study are presented in the following conclusions:

1) Both models involved in the experiment can be effective for
programmers in writing, completing, explaining, and
refactoring code. From a technical point of view, results
similar to other studies were identified or confirmed: Copilot
works more organically for code completion and suggestions
within IDEs due to its integration into development
environments. This is a powerful factor that helps avoid
simple mistakes at the stages of code writing.

2) Both models are effective for analyzing existing code and
generating suggestions for SEO and technical optimization.
In the learning process, it is important to see the potential for
improving one’s work and advancing skill level. Al can
greatly assist as an external auditor and assistant in this
context.

3) All suggestions provided for upgrading or expanding element
features and functionality through ready-to-use code
fragments were easily integrated and enhanced the originality
of the final web product.

4) A clear conclusion made by 95% of all experiment
participants is that relying on Al to generate complete code
without acquiring personal knowledge and practicing
independent programming is a dead end. Instead, detailed
analysis of suggestions and breakdown of code into parts
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promotes learning and reveals directions for further
development. In this sense, ChatGPT is excellent as a
mentor-assistant, analyst, and explainer. It is well-suited for
learning, discussion, debugging, working with algorithms,
and large code fragments. However, Al can also make
mistakes or misunderstand you.

5) All experiment participants also unanimously concluded that
using Al will soon become an essential part of programming
education. It will be important to understand its capabilities
and develop skills for effective dialogue (prompt
engineering).

6) Everything stated in this study implies shaping an attitude
toward Al as a useful professional tool that significantly
increases programmer productivity, reduces time spent on
routine tasks, and aids learning. However, it does not replace
a full-fledged developer, sometimes makes contextual errors,
and requires a critical approach to using its suggestions.

Future research directions may include experiments with code
involving more complex technologies, other programming
languages, and the generation of visual content for website
graphic design.
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