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Abstract:

Artificial intelligence has become an increasingly influential component of
modern software development, with a growing impact on frontend engineering
practices. This paper presents a structured review of the application of Al in
frontend development, with a particular focus on analyzing existing bench-
marking studies of widely used Al tools. The study examines how these tools
are applied in common frontend tasks, including component generation,
styling, debugging, and design-to-code transformation.

By synthesizing findings from recent research, the paper identifies key
performance patterns across different Al systems, highlighting their strengths
in improving development speed and productivity, as well as their limita-
tions in terms of reliability, security, and handling of complex frontend
logic. The analysis also reveals a lack of standardized evaluation frameworks
tailored specifically to frontend development, as most existing studies rely
on general-purpose metrics that do not fully capture user interface and user
experience requirements.

Based on these observations, the paper outlines several directions for future
research, including the development of frontend-specific evaluation criteria,
improvements in contextual understanding for complex tasks, and enhanced
integration between design and development processes. The findings suggest
that, while AI tools provide valuable support in frontend workflows, they
currently function most effectively as assistive technologies rather than fully
autonomous solutions. This review contributes to a clearer understanding of
the current capabilities and limitations of Al in frontend development and
highlights opportunities for further advancement in this rapidly evolving field.

Keywords:

Artificial Intelligence, Frontend Development, Generative Al, UI Development,
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INTRODUCTION

Artificial intelligence has rapidly evolved from a specialized research
domain into a widely adopted technology that is reshaping modern software
development. The rapid growth of large language models and generative
AT tools has significantly changed how developers approach coding tasks,
allowing faster implementation, automated suggestions, and new ways
of interacting with development environments. These tools are increas-
ingly integrated into everyday workflows, influencing not only backend
systems and data processing, but also the way user-facing applications
are designed and built.
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Frontend development represents a particularly
interesting area within this transformation. Unlike other
domains of software engineering, frontend development
is closely tied to visual design, user experience, and
interactivity. It requires attention to detail, pixel perfect
work and alignment between design and implementa-
tion. With that, the integration of Al into frontend de-
velopment introduces both opportunities and challenges
that differ from those found in more logic-oriented or
backend-focused tasks. Al tools are now capable of gen-
erating user interface components, assisting with styling,
and even converting design concepts into code. How-
ever, their effectiveness in handling the complexity and
precision of frontend requirements remains an open
question.

Although the application of artificial intelligence in
software development has been widely studied, existing
research is often generalized and does not specifically
address frontend-specific scenarios. There is a lack of
consolidated analysis regarding how different Al tools
perform when applied to common frontend tasks, as
well as how their capabilities compare in terms of ac-
curacy, efficiency, and reliability.

The aim of this paper is to provide a structured over-
view of artificial intelligence in frontend development,
with a focus on analyzing and synthesizing existing
benchmarking results. By examining current research
and reported evaluations of widely used AI tools, the
paper seeks to identify their strengths, limitations, and
areas where further investigation is needed. Through
this approach, the study contributes to a better under-
standing of the current state of Al-assisted frontend de-
velopment and outlines directions for future research in
this evolving field.

2. OVERVIEW OF Al IN FRONTEND
DEVELOPMENT

Artificial intelligence has become a large part of
modern frontend development, mostly with the inte-
gration of various tools that support developers in the
development process. These tools are typically based
on large language models and can understand natural
language instructions, generate code, and assist with
different tasks. Key ones are IDE-integrated solutions
like GitHub Copilot and Cursor, specialized agents like
Windsurf (with Cascade) and Replit Agent, alongside
general chat assistants like Claude 3.5 Sonnet, which are
designed to boost developer productivity and reduce the
time required for the implementation.
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In the context of frontend development, Al tools
can be used across a range of tasks that go beyond the
simple code generation. One of the most common use
cases is the automatic creation of Ul components based
on textual descriptions or partial code input. These tools
can be used to quickly create components, significantly
speeding up the initial stages of development. Addition-
ally, AI systems are increasingly used for styling and
layout generation, including the creation of CSS rules
or utility-based styling approaches, which are often re-
petitive and time-consuming when done manually [1].
Recent research has also explored optimization tech-
niques in frontend systems, highlighting the growing
complexity and performance considerations in modern
web applications [2].

Another important area of application is the trans-
formation of design concepts into functional code. Al
tools can understand design descriptions and images
to some extent, and generate corresponding frontend
components and pages, effectively bridging the gap be-
tween design and development [3]. This includes gen-
erating layouts, handling responsiveness, and applying
basic user interaction logic. AI is also used to assist in
debugging and code optimization, where it can identify
potential issues, suggest fixes, and improve overall code
structure.

Despite these advancements, the integration of Al
into frontend workflows is still evolving, and its capabil-
ities are not uniformly reliable across all tasks. While AI
tools perform well in structured and repetitive scenarios,
their effectiveness in handling complex user interac-
tions, advanced state management, and nuanced user
experience requirements remains limited. As a result,
understanding the current landscape of available tools
and their practical applications is essential for evaluat-
ing their role in frontend development, which serves as
a foundation for the benchmarking analysis presented
in the following section.

3. BENCHMARKING Al TOOLS IN FRONTEND
DEVELOPMENT

The evaluation of AI tools in frontend development
has recently become an active area of research, with
several studies proposing benchmarks to assess their
performance in tasks such as code generation, UT re-
construction, and debugging. One of the most notable
contributions is the Design2Code benchmark [4], which
evaluates the ability of multimodal models to convert
visual webpage designs into functional frontend code.
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This benchmark is based on a dataset of 484 real-world
webpages and combines automatic metrics with human
evaluation to assess both visual fidelity and code correctness.

The results reported in these studies indicate that
modern Al models achieve relatively strong perfor-
mance in generating basic user interfaces, particularly
for simpler layouts and structured designs. However,
performance decreases significantly as the complexity of
the interface increases. Specifically, models struggle with
accurately capturing detailed visual elements, maintain-
ing layout consistency, and preserving hierarchical rela-
tionships between components. These limitations high-
light the gap between visual similarity and functional
correctness, which is a recurring theme across bench-
marking efforts.

3.1.COMPARISON OF MODEL PERFORMANCE

Recent benchmark leaderboards further illustrate
the variation in performance across different models.
For example, results from the Design2Code benchmark
[4] show that leading models can achieve high overall
scores, but with noticeable differences between them:

These results from Table 1 demonstrate that while
top-performing models are approaching high levels of
accuracy, there is still a significant performance gap be-
tween leading and mid-tier systems. Additionally, even
high scores do not necessarily imply production readiness,
as many evaluations rely on aggregate metrics that may not
fully capture usability or maintainability concerns.

Scared By The Waves

Werks A Polamie Overture

View by Instrumentation

View by year
Wiew all
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Figure 1. Example of Generation Examples

Table 1. Results for leading models

Model Design-to-Code Accuracy
GLM-5V-Turbo 94.8%
Kimi K2.5 91.3%
Claude Opus 4.6 77.3%
Table 2. Evaluation Metrics
Metric Description

Visual similarity

How closely generated UI matches the reference design

Structural accuracy

Correct hierarchy and layout of components

Code correctness

Functional validity of generated code

Sinteza 2026
submit your manuscript | sinteza.singidunum.ac.rs

Computer Science and
Artificial Intelligence Sessionn

167



http://sinteza.singidunum.ac.rs

168

3.2.EVALUATION CRITERIA AND METRICS

Benchmarking studies typically rely on a combina-
tion of automated and human-centred evaluation met-
rics. In the context of frontend development, metrics are
shown in the Table 2:

The Design2Code benchmark [4] uses metrics such
as CLIP-based visual similarity and block-level struc-
tural evaluation, combined with human judgment to
validate results. Importantly, studies report that auto-
mated metrics do not always align with human percep-
tion, suggesting that current evaluation approaches may
not fully capture frontend quality.

3.3.MULTI-TASK AND FRAMEWORK-BASED
BENCHMARKING

More recent research has attempted to address these
limitations by expanding benchmarking approaches.
The DesignBench framework [5] introduces a more
comprehensive evaluation setup that includes multiple
frontend frameworks (such as React, Vue.js, and Angu-
lar) and multiple task types, including code generation,
editing, and repair. This reflects a more realistic repre-
sentation of frontend development workflows, which
are inherently iterative rather than static.

Findings from the study indicate that model perfor-
mance varies significantly depending on the task type.
While generation tasks generally achieve higher success
rates, editing and repair tasks expose more weaknesses,
particularly in maintaining consistency and understand-
ing context across multiple iterations. These results
suggest that current Al tools are better suited for initial
code generation than for maintaining or evolving com-
plex frontend systems.

4. CHALLENGES & LIMITATIONS

The analysis of existing studies on Al-assisted devel-
opment reveals a set of limitations that exist across dif-
ferent tools and evaluation scenarios. One of the most
frequently reported findings is the issue of reliability,
particularly in relation to generated code correctness.
While many tools demonstrate strong performance in
structured and repetitive tasks, multiple studies indicate
that they often produce outputs that are partially incor-
rect, incomplete, or based on non-existent functions and
APIs [6], [7]. This pattern suggests that, despite high levels
of syntactic accuracy, semantic correctness remains a sig-
nificant challenge, requiring ongoing human verification.
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This distinction between syntactic and semantic correct-
ness is well documented in evaluations of large language
models for code generation, where models frequently
generate plausible but functionally incorrect solutions
8].

Security-related concerns are also highlighted in
several benchmarking studies. Research shows that
Al-generated solutions do not consistently follow
established security practices, occasionally introducing
vulnerabilities or overlooking critical validation steps
[9]. This is particularly evident in scenarios involving
form handling, authentication logic, or data processing.
Large-scale empirical analyses confirm the presence of
widespread vulnerabilities in AI-generated code, span-
ning numerous Common Weakness Enumeration
categories and often reflecting insecure patterns learned
from training data [10]. These findings suggest that
current AT tools lack a robust understanding of secure
coding principles, reinforcing the need for cautious
integration into development workflows.

Another important conclusion drawn from the
reviewed literature is the inconsistency of Al-generated
frontend code in terms of structure and adherence to
design standards. Studies that evaluate Ul-related tasks,
such as component generation and styling, point out
that while tools can produce visually functional results,
they often fail to maintain consistency with design sys-
tems or established conventions. Research in design-
to-code generation highlights issues related to layout
structure, component hierarchy, and maintainability,
even when visual similarity to the intended design is
achieved [11].

Additionally, accessibility considerations are rarely
handled adequately, as Al-generated interfaces often
do not conform to established accessibility standards or
fully support assistive technologies [12]. These findings
indicate that Al tools do not yet fully account for the
broader requirements of production-level frontend
applications.

Finally, several studies point to the importance of
human oversight in Al-assisted development. Although
productivity gains are frequently reported, they are often
accompanied by the need for manual corrections and
iterative prompting. Empirical evaluations show that
developers using Al tools still need to review, adjust, and
validate generated outputs to ensure correctness and
reliability [8], [13]. This indicates that AI tools function
most effectively as supportive systems rather than
autonomous agents.
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Opverall, the findings across the analyzed literature
highlight a gap between the current capabilities of AI
tools and the requirements of fully reliable, production-
ready frontend development, which provides a founda-
tion for identifying future research directions.

5. FUTURE WORK

The analysis of current research and benchmarking re-
sults indicates several directions for future work in the ap-
plication of artificial intelligence to frontend development.

One of the identified research gaps relates to the
evaluation of AI tools in frontend development. While
recent studies have introduced more specialized bench-
marking frameworks tailored to frontend tasks, such as
multi-task and multi-framework evaluation approaches,
these efforts remain limited in scope. Existing bench-
marks often focus primarily on specific aspects such as
UI code generation [4], [5], and do not fully capture the
complexity of real-world frontend development work-
flows, which include iterative design, editing, and main-
tenance processes.

Another important direction involves improving the
ability of AI systems to handle complex frontend sce-
narios. Existing studies indicate that current tools per-
form well in isolated and well-defined tasks but show
reduced effectiveness when applied to more advanced
challenges such as state management, asynchronous op-
erations, and large-scale component interaction. Future
work could explore approaches that enhance contextual
understanding, enabling Al tools to operate more effec-
tively within complete application architectures rather
than at the level of individual components.

The reviewed literature also suggests the need for
stronger integration between design and development
processes. While initial progress has been made in gen-
erating code from design descriptions, the results re-
main inconsistent and often require significant manual
adjustments. Further research could focus on improv-
ing design-to-code systems, enabling them to accurately
translate visual and functional requirements into main-
tainable frontend implementations.

In addition, there is growing interest in the concept
of intent-based development [14], where developers
define high-level goals or user requirements, and Al
systems generate corresponding interface solutions.
Although still in early stages, this approach has the po-
tential to significantly transform frontend workflows.
Future studies could investigate how such systems can
be made more reliable, interpretable, and adaptable to
real-world development constraints.
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Finally, the findings highlight the importance of re-
defining the role of developers in Al-assisted environ-
ments. Rather than replacing human expertise, future
work should explore models of effective collaboration
between the developer and Al, including best practices
for interaction, validation, and control. Establishing
clear guidelines for when and how AI tools should be
used could help maximize their benefits while minimiz-
ing associated risks. Overall, these directions point to-
ward a more structured and mature integration of Al
into frontend development, where current limitations
are addressed through targeted research and practical
innovation.

6. CONCLUSION

This paper has examined the current state of Al in
frontend development through a structured review of
existing research and benchmarking studies. The find-
ings indicate that Al tools have already established a
meaningful role in supporting frontend workflows, par-
ticularly in tasks such as code generation, creating com-
ponents, and basic debugging. Across multiple stud-
ies, these tools demonstrate clear benefits in terms of
development speed and productivity, confirming their
growing importance in modern software engineering
practices.

At the same time, the analysis shows that the perfor-
mance of Al tools is not consistent across all frontend
scenarios. While strong results are reported for simpler
and well-defined tasks, limitations become evident as
complexity increases. Issues related to correctness, secu-
rity, and adherence to design and accessibility standards
are frequently observed, highlighting the gap between
current capabilities and the requirements of production-
ready applications. These findings reinforce the under-
standing that Al tools, in their current form, function
more effectively as assistive technologies rather than
independent development solutions.

By combining results from existing benchmarking
studies, this paper has provided a clearer overview of
how different AI tools perform within the context of
frontend development. The review also highlights the
lack of frontend-specific evaluation frameworks and the
need for more targeted research in this domain. Based
on these observations, several directions for future work
have been identified, including the development of im-
proved evaluation methods, better handling of complex
frontend logic, and stronger integration between design
and implementation processes.
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In conclusion, artificial intelligence represents a
significant and ongoing shift in frontend development,
with the potential to reshape both workflows and
developer roles. However, its effective adoption depends
on a balanced approach that combines the strengths of
Al systems with critical human oversight. Continued
research and refinement will be essential in bridging the
gap between current limitations and the vision of more
autonomous and reliable Al-assisted development
environments.
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