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ABSTRACT

This paper comprehensively reviews methods for improving single-page applications’ visibility
(SPAs) and user experience, focusing on the intricacies of search engine optimisation (SEO). This
research contrasts the complexities and challenges in optimising SEO in SPAs instead of conven-
tional multi-page applications (MPAs). It identifies vital optimisation methods and evaluates their
applicability in the contem- porary web landscape. The research method involves implementing
the explored optimisation techniques across three distinct projects utilising emerging technologies
for SPA, MPA, and a hybrid approach using Isomorphic JavaScript. These applications are sys-
tematically examined and subjected to a comparative analysis to assess the effectiveness of the
optimisation strategies before and after applying the optimisation strategies. The empirical re-
sults substantiate that adopting an innovative approach to Client-Side rendering for the initial page
load, combined with traditional SEO practices, performance enhancements, and tailored method-
ologies for specific technologies, facilitates SEO optimisation in SPAs at a level commensurate
with MPAs. The findings of this work hold significant implications for web developers, offering
insights and actionable strategies to augment visibility and performance in search engine results.
By bridging the theoretical understanding with hands-on application and empirical analysis, the
research contributes to the evolving field of web application development. It underscores the criti-
cal role of SEO optimisation in the context of SPAs, highlighting its importance for search engine

rankings and overall user engagement and satisfaction.

Key Words:- JavaScript, search engines, single-page applications, web search.
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Enhancing SEO in Single-Page Web Applications in Contrast With Multi-Page Applications

Chapter 1

INTRODUCTION

The rapid evolution of web technologies has transformed how applications are designed and deliv-
ered to users. In recent years, Single-Page Applications (SPAs) have gained substantial popularity
among developers and users alike due to their ability to offer a seamless, app-like user experience
within a web browser. SPAs dynamically load content without refreshing the entire page, enabling
smoother interactions and faster transitions, making them highly effective for applications that
require continuous user engagement, such as social media platforms, e-commerce sites, and real-

time dashboards.

Unlike traditional Multi-Page Applications (MPAs), which follow a more straightforward archi-
tecture with distinct URLs for each page, SPAs work by loading a single HTML page initially.
Further content is fetched asynchronously using JavaScript as users interact with the application.
This design provides a more fluid experience but introduces unique challenges for Search Engine
Optimization (SEO). Since SPAs rely heavily on JavaScript to load and render content, search
engine crawlers may struggle to access or understand dynamically loaded content, leading to in-
complete or inaccurate indexing. This affects the visibility of SPAs in search engine results pages

(SERPs), which can ultimately limit user discovery and impact the website’s reach.

On the other hand, Multi-Page Applications (MPAs) are composed of multiple pages, each with
its own unique URL and static HTML content. MPAs load a new page from the server every time
a user navigates to a different section of the site, resulting in a full page refresh for each inter-
action. Although MPAs may appear slower in terms of user experience, they offer distinct SEO
advantages. Each page in an MPA is treated as a separate document by search engines, making it
easier for crawlers to index content and assess relevance, thus improving the application’s overall

search visibility.

Since search engine algorithms prioritize content that is easily accessible, the dynamic loading

of SPAs, which often requires JavaScript execution, can obscure important information from
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crawlers. In cases where crawlers cannot execute JavaScript effectively, critical content may re-
main unindexed, leading to poor SEO performance. This issue is especially relevant as Google
and other search engines increasingly rely on mobile-first indexing, which requires web content to

be optimized for both desktop and mobile environments.

The SEO challenges in SPAs have spurred the development of advanced rendering techniques
aimed at bridging this gap between SPAs and MPAs. This report specifically examines pre-
rendering and Isomorphic JavaScript (also known as Universal JavaScript), two strategies that
allow SPAs to serve fully-rendered HTML to search engines without sacrificing the interactive ex-
perience users expect. Pre-rendering involves generating static HTML files for each page at build
time, enabling search engines to crawl the content without needing to execute JavaScript. Iso-
morphic JavaScript, on the other hand, combines Server-Side Rendering (SSR) with Client-Side
Rendering (CSR). With this approach, initial page content is rendered on the server and sent as
fully-formed HTML, which is then “hydrated” by JavaScript on the client side to enable dynamic

interactions.

1.1 OBJECTIVES

This paper explores the unique SEO challenges of Single-Page Applications (SPAs) compared to
Multi-Page Applications (MPAs), focusing on JavaScript-dependent content that can limit search
engine visibility. By investigating pre-rendering and Isomorphic JavaScript techniques, this study
aims to demonstrate how SPAs can achieve improved SEO performance. The objectives of this

paper are:

1. To analyze structural and technical SEO differences between SPAs and MPAs: This ob-
jective examines how SPAs and MPAs differ in content delivery, rendering, and URL struc-
ture, impacting SEO practices. It highlights why SPAs face visibility challenges and explores

the technical foundations behind these differences.

2. To evaluate the impact of pre-rendering and Isomorphic JavaScript on SEO for SPAs:
By examining how pre-rendering (static HTML generation) and Isomorphic JavaScript (server-
side rendering) enhance SEQ, this study tests these techniques to measure their effect on SPA

discoverability and indexing.

3. To assess SEO performance improvements using these techniques: Through empirical
data from optimized SPAs, this paper offers insights for developers and businesses seeking

to enhance SEO in SPAs without compromising user interactivity.
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Chapter 2

RELATED WORKS

2.1 SEO in Multi-Page Applications (MPAs)

Multi-Page Applications (MPAs) are commonly used in web development due to their straightfor-
ward SEO advantages. Each page in an MPA is served as a unique HTML document with its own
URL, fully rendered server-side before it reaches the client. This design allows search engines to
crawl and index each page independently, as the content is presented in a static format that doesn’t
require JavaScript execution to be visible. Research consistently shows that MPAs have a natural
advantage in search engine discoverability because of their content stability and ease of access for
crawlers, which aligns well with traditional SEO techniques. These characteristics make MPAs
ideal for content-heavy sites, where distinct sections need to be visible individually in search re-

sults, such as e-commerce sites, news portals, and blogs.

2.2 SEO in Single-Page Applications (SPAs)

Single-Page Applications (SPAs) offer a smooth, app-like experience by dynamically loading con-
tent on a single page. This interactive experience is achieved by updating the page via JavaScript
without reloading, which allows faster transitions and better user engagement. However, the
JavaScript-dependency of SPAs introduces significant challenges for SEO, as search engine crawlers
may struggle to render and index content that is dynamically loaded. Studies on SPAs and SEO
indicate that the reliance on client-side rendering (CSR) can limit search engine visibility since
crawlers may not fully execute JavaScript. As a result, key content may be missing from search
engine indexes, reducing the effectiveness of SPAs in attracting organic traffic. Researchers have
highlighted that SPAs need specific SEO optimizations, such as structured data and rendering en-

hancements, to improve accessibility for crawlers.
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Figure 2.1: View update in SPA and MPA - a comparison.

2.3 Current Approaches and Limitations

To address the SEO challenges in SPAs, current approaches such as Server-Side Rendering (SSR)
and Client-Side Rendering (CSR) offer partial solutions. SSR involves rendering HTML content
on the server and sending it to the client, making initial content more accessible to search engines.
CSR, while beneficial for dynamic user interactions, requires search engines to process JavaScript
to fully index content, which can lead to incomplete indexing. Each of these methods has inherent
trade-offs; SSR can improve crawlability but may increase server load and complexity, while CSR
offers flexibility at the cost of potential SEO limitations.

These limitations have led to further exploration of pre-rendering and Isomorphic JavaScript
(Universal JavaScript). Pre-rendering generates static HTML at build time, ensuring that content is
available to search engines without requiring JavaScript execution. Isomorphic JavaScript, which
allows JavaScript to run on both the server and client, enables SPAs to initially render content

server-side for improved SEO while retaining client-side interactivity. These advanced techniques
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are emerging as promising solutions to balance SEO needs with the dynamic functionality of SPAs,

paving the way for optimized discoverability in SPAs without compromising user experience.
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Chapter 3

PROPOSED MODEL

Optimizing SEO for Single-Page Applications (SPAs) presents unique challenges due to their
client-side rendering (CSR) model, where JavaScript dynamically loads content after the initial
page load. This method enhances user experience with smoother transitions and faster interactions,
but it complicates SEO, as search engine bots may not fully execute or interpret JavaScript-based
content. This reliance on JavaScript can lead to incomplete indexing, reducing search engine
visibility for SPA content. By contrast, Multi-Page Applications (MPAs) are rendered on the
server and deliver fully-formed HTML for each unique URL, allowing search engines to crawl
and index each page easily. This server-rendered content structure aligns well with traditional

SEO practices, as crawlers can readily access and catalog content.

Server-Site Rendering (SSR)

F— R DR

User requests Server creates Browser renders Browser downloads Browser executes Website is fully
asite ready HTML HTML but the page JavaScript JavaScript interactive
files is nat interactive

Clitent-Site Rendering (CSR)

aScript
end framework
s required data

User requests Server responds to
asite browser with minimal

O O O v

loading loading loading ready

Figure 3.1: Rendering methods for web applications: SSR and CSR.

The proposed model aims to address these SEO limitations in SPAs by using pre-rendering and
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Isomorphic JavaScript. These techniques are designed to make SPA content more accessible to

crawlers without compromising the interactive benefits SPAs offer to users. By integrating these

approaches, the model ensures that search engines can detect and index key content elements in

SPAs, bridging the SEO performance gap between SPAs and MPAs.

3.1

Comparison of Pre-rendering and Isomorphic JavaScript

To overcome SEO challenges in SPAs, this model employs two primary techniques:

I.

Pre-rendering: In this approach, static HTML is generated at build time for each page.
This pre-rendered HTML is served to search engines and users alike, ensuring that content
is accessible without requiring JavaScript execution. Pre-rendering is particularly beneficial
for SPAs that need SEO optimization for static content that doesn’t change frequently, as it

offers fast loading times and is easy for search engines to index.

Isomorphic JavaScript (Universal JavaScript): This technique combines Server-Side Ren-
dering (SSR) with Client-Side Rendering (CSR), allowing the initial HTML to be rendered
on the server before handing over control to the client. When a page is first loaded, the server
sends fully-rendered HTML, allowing search engines to immediately access and index the
content. After this initial load, JavaScript takes over on the client side, providing interactivity
and dynamic updates. This hybrid model offers the SEO benefits of server-rendered HTML
with the interactive advantages of client-side JavaScript, making it a strong choice for SPAs

with dynamic content requirements.

3.2 Tools and Techniques Used for SEO Optimization

To measure and optimize SEO improvements in SPAs, the proposed model uses a combination

of SEO analysis tools:

I.

Seobility: This tool provides insights into a website’s overall SEO performance by evaluating
factors such as meta tags, keyword optimization, and internal linking. For SPAs, Seobility

highlights areas where dynamic content may be missing from search engine indexing.

. Google PageSpeed Insights: This tool assesses page load times and performance on both

mobile and desktop devices. Since speed is a critical SEO factor, especially in SPAs, Page-
Speed Insights offers recommendations on how to improve page loading and interactivity,

which impact user experience and search engine rankings.
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3. Lighthouse: An open-source tool by Google, Lighthouse runs audits on performance, acces-
sibility, SEO, and more. For SPAs, Lighthouse helps identify SEO issues related to JavaScript

execution, load times, and metadata structure, providing actionable insights for optimizing

search engine visibility.

These tools are instrumental in assessing content visibility, load speed, metadata accuracy, and
overall SEO health for SPAs. By combining these techniques and tools, the proposed model aims
to balance the user experience advantages of SPAs with the SEO strengths of MPAs, enhancing

the accessibility of SPA content to search engines and ensuring a higher SEO score.
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Chapter 4

EXPERIMENT AND IMPLEMENTATION

To assess the effectiveness of SEO optimizations in Single-Page Applications (SPAs) versus
Multi-Page Applications (MPAs), a comparative experiment was designed using three versions of
a prototype application: a Flask-based MPA, a React-based SPA, and a Next.js-based SPA utilizing
pre-rendering and server-side rendering (SSR). Each version of the application served as a test case
for different rendering and SEO strategies, allowing for a controlled evaluation of how well each
approach supports search engine visibility and crawlability. This setup enabled the comparison
of static MPA rendering against client-side and hybrid server-client rendering in SPAs, providing

insights into the performance and SEO advantages each method offers.

4.1 Testing Environment and Tools

The testing was conducted in a simulated environment replicating real-world web conditions,
focusing on SEO-relevant metrics such as load time, crawlability, and content indexing success.

To ensure a comprehensive evaluation, the following SEO analysis tools were used:

1. Seobility: Provided an in-depth SEO audit, evaluating each application’s metadata, keyword

optimization, internal linking structure, and content accessibility to search engines.

2. Google PageSpeed Insights: Used to measure page load times and user experience metrics.
This tool helped assess the speed and responsiveness of each version, factors that directly

impact SEO performance.

3. Lighthouse: Analyzed various aspects of SEO, including page accessibility and overall

search engine readiness, especially for JavaScript-heavy content in SPAs.

The testing environment aimed to provide consistent and objective measures of SEO performance
across the three applications, focusing on the ease of indexing dynamic versus static content, and

the impact of rendering methods on load times.
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4.2 Optimization Techniques Applied

Each version of the application utilized specific SEO and rendering techniques aligned with the

architecture of its respective framework:

1. Flask (MPA): This version represented a traditional MPA setup with each page rendered on
the server. Since each page was pre-rendered on the server, the application could deliver
static HTML directly to users and search engines, making all content immediately acces-
sible. Unique meta tags and descriptions were assigned to each page, ensuring that each
URL targeted specific keywords and had optimized metadata for improved ranking potential.
SEO-friendly URLs were also implemented, avoiding unnecessary parameters and enhanc-
ing readability for both users and search engines. Additionally, structured data markup was
added, allowing search engines to understand content context more accurately and display
rich snippets where possible. To optimize performance, server-side caching was applied, re-
ducing page load times and enhancing user experience—a factor that indirectly boosts SEO
by minimizing bounce rates. Internal linking across pages helped distribute SEO value, en-
suring comprehensive indexing of the site. Altogether, these techniques allowed the MPA to
maintain a high level of SEO compatibility, capitalizing on its static, server-rendered struc-

ture to achieve optimal search engine visibility.

2. React (CSR SPA): The React-based SPA relied on client-side rendering (CSR), additional
techniques were applied to address the inherent SEO challenges of JavaScript-based con-
tent. Meta tags, Open Graph tags, and Twitter Card tags were carefully added to ensure
that even dynamic pages had descriptive metadata, helping crawlers identify content themes
and improving social media sharing compatibility. React Helmet was utilized to dynami-
cally manage metadata on a per-page basis, allowing individual pages to have unique titles
and descriptions despite being part of a single-page structure. Lazy loading was applied to
images and media, ensuring assets loaded only when necessary, reducing initial load times
and enhancing user experience—a critical factor in SEO. Progressive enhancement was also
implemented, so users with limited JavaScript capability could access key information, mak-
ing basic content accessible to a broader audience. Although CSR limits direct crawlability,
these optimizations aimed to maximize metadata accuracy and performance, indirectly boost-

ing SEO through improved user engagement.

3. Next.js (Pre-rendered SPA):Both Static Site Generation (SSG) and Server-Side Render-
ing (SSR) were applied to optimize SEO while preserving the dynamic experience typical of
SPAs. For static content that didn’t change frequently, Static Site Generation (SSG) was used

to generate fully-rendered HTML files at build time. This ensured that key pages were ac-

Dept. of Information Technology, VICET Page 10



Enhancing SEO in Single-Page Web Applications in Contrast With Multi-Page Applications

cessible without JavaScript execution, significantly improving indexing and load times. For
pages requiring user-specific or frequently updated data, SSR was implemented, enabling
the server to render content upon request and deliver complete HTML to search engines and
users. Incremental Static Regeneration (ISR) was used on specific pages that needed occa-
sional updates, enabling static content to refresh at intervals without rebuilding the entire
site, keeping content relevant and improving SEO without sacrificing performance. Next.js’s
native support for code splitting and asset optimization allowed JavaScript files to load in-
crementally, further reducing load times. Together, SSG, SSR, and ISR provided an ideal
balance of static and dynamic rendering, enhancing SEO while preserving the interactivity
that defines SPAs. The combination of these techniques allowed the Next.js SPA to achieve

high search engine visibility while maintaining optimal user experience.

These optimization techniques provided a range of SEO solutions across different application
architectures, allowing for a comprehensive evaluation of each rendering approach’s impact on

search engine accessibility and user experience.
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Chapter 5

RESULTS AND ANALYSIS

To assess the SEO effectiveness of each method, performance was evaluated based on key SEO
metrics such as content crawlability, page load speed, and mobile responsiveness. These metrics
are crucial for determining a website’s visibility and ranking potential in search engines. The
Next.js pre-rendered SPA consistently showed the highest scores across all metrics, indicating that
pre-rendered static HTML content was easily accessible to search engine crawlers. This made
Next.js particularly effective at optimizing SPAs for search engine discoverability, as it provided
quick and complete content for indexing without relying solely on JavaScript. The Flask-based
MPA, which used traditional server-rendered pages, also scored highly, demonstrating that server-
side rendering provides a clear SEO advantage in terms of fast, accessible content. In contrast, the
React-based CSR SPA had lower scores, primarily due to the reliance on client-side JavaScript for
rendering content, which made certain elements less accessible to search engines and impacted

load speeds.

5.1 Comparison of SEO Scores in SPAs vs. MPAs

The SEO scores revealed a significant difference between SPAs with pre-rendering or SSR ca-
pabilities and CSR-only SPAs. The pre-rendered Next.js SPA achieved SEO scores that were
comparable to the MPA, underscoring that a pre-rendered SPA can meet similar SEO standards
as a traditional MPA when server-side techniques are applied. The Flask MPA benefited from its
static, server-rendered content, which is easily indexed and thus naturally SEO-friendly. In com-
parison, the React CSR SPA had lower SEO scores because the dynamically loaded content was
not fully accessible to crawlers, and the reliance on JavaScript delayed some content loading. This
result highlights the importance of server-rendered or pre-rendered content in achieving effective

SEO, especially for SPAs that need to ensure their content is fully visible to search engines.
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5.2 Effectiveness of Pre-rendering and Isomorphic JavaScript

Both pre-rendering and Isomorphic JavaScript significantly improved SEO outcomes for SPAs by
addressing the content accessibility challenges posed by client-side rendering. Pre-rendering al-
lowed the Next.js SPA to deliver static HTML directly to search engine crawlers, ensuring that
important content could be indexed without relying on JavaScript execution. This approach im-
proved SEO metrics by ensuring faster initial load times and full content visibility. Isomorphic
JavaScript, which combines SSR and CSR, was effective in providing a hybrid solution: it enabled
fast initial loading through server-rendered HTML, while allowing client-side interactivity post-
load. This technique balanced the SEO advantages of server-rendered content with the dynamic
capabilities SPAs are known for, demonstrating that Isomorphic JavaScript can make SPAs both
user- and search engine-friendly. The results show that implementing pre-rendering or Isomorphic
JavaScript in SPAs can achieve SEO performance similar to that of MPAs, offering a viable ap-

proach to optimizing SPAs for search engine visibility without compromising the user experience.

80% 70% 72%
57%

60% 155 52% 52%

Flask React Next.js
before optimization after optimization
Figure 5.1: Overall SEO score - Seobility.
Each of these findings highlights the effectiveness of using pre-rendering and Isomorphic JavaScript

to overcome SEO limitations in SPAs, with metrics showing improvements in visibility, indexing,

and page performance that are comparable to MPAs.
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Chapter 6

CONCLUSION

This study sheds light on the SEO challenges that traditional Single-Page Applications (SPAs) face
due to their reliance on client-side rendering, which often limits search engine visibility. Through
comparative analysis, the study demonstrates that advanced rendering techniques, specifically pre-
rendering and Isomorphic JavaScript, can significantly enhance the SEO performance of SPAs,
bringing them closer to the search engine accessibility seen in Multi-Page Applications (MPAs).
By utilizing these techniques, developers can overcome limitations in SPA content discoverability,
achieving higher SEO scores and ensuring essential content is indexed by search engines.

Pre-rendering allows SPAs to serve static HTML at build time, making content readily avail-
able for indexing without needing JavaScript execution, which improves load times and crawla-
bility. On the other hand, Isomorphic JavaScript offers a hybrid solution, where initial content is
server-rendered for SEO and then dynamically updated on the client side, allowing SPAs to retain
interactivity while remaining SEO-friendly.

The findings confirm that these strategies can effectively bridge the gap between SPAs and
MPAs, enabling SPAs to retain their smooth user experience without compromising on SEO.
For future research, Incremental Static Regeneration (ISR) presents an exciting area of explo-
ration, allowing SPAs to dynamically refresh specific pages while preserving static content ben-
efits. Adopting ISR could provide a powerful solution for maintaining content freshness and
SEO performance, paving the way for more adaptable and SEO-optimized SPAs. This work con-
tributes to evolving web development practices, offering practical approaches to build modern,

SEO-optimized applications that meet both user and search engine requirements.
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