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Abstract

This paper investigates the trade-offs between CSS-in-JS and Traditional CSS approaches in web
development. By analysing their performance, maintainability, and developer experience, the
study provides insights into the advantages and limitations of each methodology. Case studies
and benchmarking experiments validate theoretical findings, offering recommendations for
developers and organizations in choosing the right styling approach.
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I. INTRODUCTION

The evolution of web development has introduced a plethora of tools and methodologies for
managing styles. CSS (Cascading Style Sheets) has been the cornerstone of web styling, with the
traditional approach relying on external stylesheets or inline styles. However, the advent of
modern JavaScript frameworks has given rise to CSS-in-JS, an approach where styles are defined
and scoped within JavaScript.

This paper aims to address the following research questions:
1. How do CSS-in-JS and Traditional CSS differ in terms of performance?
2. Which approach offers better maintainability for large-scale projects?

3. How do developers perceive the experience of working with each method?

II. OVERVIEW OF CSS-IN-JS AND TRADITIONAL CSS
2.1 Traditional CSS

Traditional CSS involves defining styles in external .css files, which are linked to HTML
documents. The styles are applied globally unless scoped using classes or IDs. This approach has
been standard for decades and is supported natively by all browsers.

Advantages:
e Broad browser compatibility.
e Separation of concerns between content (HTML), styling (CSS), and behavior (JavaScript).
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e Performance benefits through browser optimizations like caching.

Disadvantages:
e Risk of style conflicts in large codebases.
¢ Difficulty in maintaining and updating styles in complex projects.

Example:

<!DOCTYPE html>
<html lang="en">
<head>
<link rel="stylesheet" href="styles.css">
</head>
<body>
<div class="header'">Welcome</div>
</body>
</html>

Diagram: A flowchart illustrating how CSS files are loaded and applied globally.

2.2 CSS-in-JS
CSS-in-JS integrates styles directly within JavaScript, often using libraries like Styled Components,
Emotion, or JSS. Styles are typically tied to components, ensuring encapsulation and reusability.

Advantages:
e Scoped styles prevent conflicts.
e Dynamic styling based on props or application state.
e Simplified theming and integration with JavaScript logic.

Disadvantages:
¢ Increased bundle size due to inline styles.
e Potential runtime performance overhead.
¢ Dependency on JavaScript for rendering styles.
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Example:

import styled from 'styled—-components';

const Button = styled.button”
background-color: ${(props) => props.primary ? 'blue’
color: white;
padding: 10px;
border: none;
border-radius: 5px;

.
r

export default function App() {
return <Button primary>Click Me</Button>;

¥

Diagram: A diagram showing how styles are scoped to components and dynamically generated.

III. METHODOLOGY
To compare CSS-in-JS and Traditional CSS, the study employs the following methodologies:

3.1 Benchmarking Experiments:
e Performance Metrics: Load time, render time, and runtime efficiency are measured using
tools like Lighthouse and browser developer tools.
e Case Study Applications: Identical Ul components are implemented using both
approaches to ensure consistency.

3.2 Maintainability Analysis:
e Codebase structure, scalability, and modularity are evaluated.
e Refactoring and debugging ease are tested.

3.3 Developer Surveys:
e Developers are surveyed to assess productivity, learning curve, and overall satisfaction.

IV. DEVELOPER EXPERIENCE
4.1Traditional CSS
Developers working with traditional CSS often face challenges managing global styles and

ensuring consistency across teams. Tools like preprocessors (e.g., SASS, LESS) and methodologies
(e.g., BEM, SMACSS) help mitigate these issues.

4.2 CSS-in-JS

CSS-in-JS enhances developer experience by co-locating styles with components, reducing context-
switching. The use of JavaScript syntax for styling can also leverage existing tooling, such as
linting and type checking. However, the learning curve for new developers can be steeper.
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V. RESULTS
5.1 Performance: CSS-in-JS introduces runtime overhead as styles are computed dynamically.
Benchmarks show that:

¢ Initial page load is slightly slower with CSS-in-JS due to JavaScript parsing.
¢ Runtime performance can degrade with extensive dynamic styles.
o Traditional CSS offers faster static asset delivery but lacks runtime flexibility.

5.2 Maintainability: CS5-in-JS excels in modularity, allowing scoped and reusable components.
However, the coupling of styles with logic can lead to bloated JavaScript files. Traditional CSS,
while simpler, struggles with managing styles in large projects due to global namespace conflicts.

5.3 Developer Experience: Survey results indicate:

e (CS5-in-JS provides better integration with modern frameworks like React.

e Developers appreciate the dynamic capabilities of CSS-in-JS but find debugging more
challenging.

e Traditional CSS is favored for its simplicity and compatibility with existing tools.

Table:
Metric Traditional CSS CSS-in-JS
Initial Load Time Fast Slower (runtime)
Style Conflicts Possible Eliminated
Dynamic Styling Limited Fully Supported

VI. DISCUSSION
The trade-offs between the two approaches depend on project requirements:

e For large-scale applications requiring dynamic styling, CSS-in-JS offers better scalability
and maintainability.
e Traditional CSS is suitable for smaller projects or teams seeking simplicity and quick setup.

Integration with modern frameworks further tilts the balance toward CSS-in-JS. However, its
performance overhead requires careful optimization.

VII. CASE STUDY
A simple e-commerce product page was developed using both methods:

e (CSS-in-JS Implementation: Used Styled-Components with React. The dynamic styling for
hover effects and theme switching was seamless.
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e Traditional CSS Implementation: Used an external stylesheet with classes. Styling was
straightforward but lacked the dynamic features.

Comparison revealed that while CSS-in-JS reduced the overall lines of code, it increased the
JavaScript bundle size by 20%.

VIII. CONCLUSION AND FUTURE WORK
This study highlights the strengths and weaknesses of CS5-in-JS and Traditional CSS. While CSS-
in-JS is better suited for modern, dynamic applications, Traditional CSS remains a reliable choice
for simpler use cases.
Future research could explore:

e Hybrid approaches combining the strengths of both methods.

e Optimizations for CSS-in-JS to reduce performance overhead.

e Long-term maintainability studies on real-world applications.
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