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Abstract—This research analyzes the state-of-the-art
optimization techniques applied in Next.js, a React
framework, to improve web application performance
and search engine optimization (SEO). While single-page
applications (SPAs) have become the standard in modern
web development, they are typically plagued with typical
issues such as slow first-page loads and poor SEO
performance. Next.js solve the problem with robust
feature such as server-side rendering (SSR), static site
generation (SSG), and incremental static regeneration
(ISR). Through rigorous analysis including side-by-side
comparison of the traditional React methods and Next.js,
this research gives the strengths and weaknesses of the
two methods, including performance ratings and SEO
results.

Through a mix of literature review, case study analysis,
and performance benchmarking, this research confirms
that Next.js is better than traditional React apps in
search discoverability and user experience. Market
reports have documented significant improvement in key
performance indicators (KPIs) like First Contentful
Paint (FCP), Largest Contentful Paint (LCP), and Time
to Interactive (TTI) through the implementation of SSR
and SSG with 30-50% time-to-load reduction.
Additionally, Next.js pre-page rendering feature
enhances SEO directly through sending optimized
HTML

content to the search engines for easier ranking and
indexing. This paper provides practical advice to
developers and stakeholders interested in developing
high-performance, SEO-capable web applications. It
stresses the need to choose the right rendering approach
(SSR, SSG, or ISR) according to content type and
scalability needs. The paper concludes by noting areas
for potential future research, i.e., leveraging Al-tuned
optimization algorithms and further developing content
management systems for headless deployments.

Index Terms—Next.js, React, SEO, SSR, SSG, ISR, SPA,
Web Performance, Hydration, Client-side Rendering

IJIRT 181033

LINTRODUCTION

With the arrival of today's digital era, businesses are
looking towards web applications to connect with their
customers. With the rising need for high-performing,
user-friendly, and  search  engine-optimized
applications, several challenges must be overcome by
developers. Optimization of web application
performance without sacrificing applications' ease of
discovery by search engines is one of the major
challenges.

Single-Page Applications (SPAs), specifically those
implemented on React, are favored when dynamic
user interfaces are to be built. Single-Page
Applications struggle with performance concerns,
though, especially the very first time it loads. Since
SPAs utilize Client-Side Rendering (CSR), the content
is only loaded after the execution of JavaScript in the
client machine, and there is delay in content exposure
as well as degradation in the experience of users who
have low-speed internet connections. Furthermore,
Single Page Application face challenges in terms of
Search Engine Optimization because search engine
crawlers usually fail to load index JavaScript content.
Next.js, a React framework, was built to solve these
problems. It brings Server-Side Rendering (SSR),
Static Site Generation (SSG), and Incremental Static
Regeneration (ISR), providing a hybrid rendering
system that greatly enhances performance and SEO.
SSR sends rendered HTML to the server before it is
sent to the client, minimizing load time and
maximizing SEO. SSG renders page ahead of time at
build time, and ISR allows incrementing update of
static page, maximizing performance without
sacrificing up-to-date data input.
The main goal of this research is to compare the
efficiency of Next.js in enhancing web performance
and search engine optimization against traditional
React setup. The question guiding this study observe
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how Next.js rendering models (SSR, SSG, ISR)
enhance performance measurements and search
engine discoverability above ordinary React SPAs.

IL.LITERATURE REVIEW

a) Jartarghar et al. (2022)

The authors point out the advantages of Server-Side
Rendering (SSR) in Nextjs, most importantly
enhanced search engine indexing and initial load
performance due to CSR. SSR enables one to send
HTML content to the browser without waiting for
JavaScript to run, enhancing user experience
significantly. The author point out the aspect that SSR
has superior interactivity and lowers perceived
latency.

b) Patel (2023)

Patel e examines hybrid rendering of next.js with a mix
of SSR, static site generation (SSG), and incremental
static regeneration (ISR). The highlights are reducing
JavaScript bundle size to a minimum of 587KB and
speeding up initial loads by 50%. Patel emphasizes the
significance of ISR for content freshness where sites
can dynamically update static content at regular
intervals without full rebuilds.

¢)Pati and Zaki (2025):

Their comparison of Next.js and regular React apps
confirms the performance improvement in aspects like
First Contentful Paint (FCP) and Time to Interactive
(TTI) when using SSR. Next.js performed 30—40%
higher compared to regular React in these areas,
creating a quicker and smoother user experience.The
authors explained that with SSR, the loading is
improved, in that it takes less than a couple of seconds
for users to engage with the application)

d) Chen (2025):

Chen explains how modular rendering and adaptive
hydration can be used to make SSR apps more
interactive. Chen discovered Next.js with its modular
way of rendering offers progressive hydration for
components. This restricts the amount of JavaScript
code to be run initially, which subsequently enhances
interactivity. Chen also mentioned lowering the
JavaScript loading time via adaptive hydration, in
which only the parts of the page that require
interactivity are hydrated, without considering user
experience delay.

e) Karolina Kowalczyk & Tomasz Szandala (2024)
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Authors contributions compare SEO issues for single
page applications (SPA) and multi-page applications
(MPA). They suggest hybrid configurations such as
Next.js with isomorphic JavaScript (SSR + CSR) and
pre-rendering methods (SSG, ISR) to make SPAs
SEO-friendly. They were proven by better
performance and crawlability through the actual
offering of SPA, MPA and hybrid apps. Google
PagesSpeed And Seo tool reviewed the results of LCP,
CLS, and total SEO.

f) Sabyasachi Mondal (2024)

This article presents best practices for the scalability
of React applications. The article describes
methodologies like Virtual DOM optimization, lazy
loading, and code-splitting. Author verifies the
influence of SSR and SSG on load time optimization
and SEO. Libraries like React Profiler, Lighthouse,
and Web Vitals have been deployed or used to monitor
FCP, LCP, and CLS. Accessibility considerations and
compromises at modularization and sophisticated
optimization are also discussed in the paper.

2.1 Summary of Literature Review

SEO Improvements: All papers discussed here
confirm that SSR and SSG return rendered HTML to
crawlers, increasing page crawlability and search
ranking.

Performance Improvements: Pre-rendering techniques
(SSR, SSG, ISR) always decrease loading time. FCP,
LCP, and TTI decreased by 30-50%.

Code Efficiency: Code splitting, React Suspense, and
lazy loading all decrease initial JS bundle sizes
considerably.

User Experience: Improved interactivity and reduced
bounce rates, particularly from mobile users.
Scalability: Hybrid application integration of ISR and
CDN ensures that they scale effectively for static and
dynamic content.

2.2 Drawbacks Identified in Literature

Server Load: SSR has an increased server load for per
page rendering or API call request. Temporary storing
and CDN implementations are needed in high-traffic
environments.

Hydration Delay: SSR apps can be impaired by
interactivity delays after loading due to hydration.
Adaptive hydration reduces but doesn't eradicate it.
Plugin Ecosystem: Next.js contains fewer plugins to
set up out-of-the-box than Gatsby, requiring more
direct setup.
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Dynamic Page Bottlenecks: SSR and ISR scale worse
for data-changing or high-state complexity pages.
SEO in Dynamic Content: Dynamic content remains
difficult to index other than with pre-rendering or ISR
set up exactly right.

III. QUESTION

To what degree can Nextjs's hybrid rendering
approaches—Server-Side Rendering (SSR), Static
Site Generation (SSG), and Incremental Static
Regeneration (ISR)—mitigate the performance and
SEO limitations inherent to client-side rendered React
single-page applications (SPAs)? Specifically, how do
these frameworks affect key web performance metrics
like First Contentful Paint (FCP), Largest Contentful
Paint (LCP), and Time to Interactive (TTI), as well as
search engine crawlability and indexing? Furthermore,
what are scalability, interactivity, and development
complexity trade-offs, and how do they impact the
realistic deployment of Next.js in high-scale, dynamic
web environments?

IV.METHODOLOGY

4.1. Objective

The goal of this study is to:

-This comparison compares four web rendering
methodologies—Server-Side Rendering (SSR), Static
Site  Generation (SSG), Incremental Static
Regeneration (ISR using Next.js), and Client-Side
Rendering (CSR wusing React)—on their web
performance as well as their SEO impact.

-Determine which rendering approach provides the
optimal tradeoff among performance, SEO,
scalability, and ease of maintenance.

-Provide practical guidance for selecting the finest or
best approach backed by observational evidence.

4.2. Tools & Technologies Used:

-Frameworks: Next.js (SSR, SSG, ISR), React (CSR)
-Hosting: Vercel (Next.js optimized), Netlify (for
SSG), Firebase Hosting (for CSR)

-Performance Testing: Google Lighthouse, PageSpeed
Insights, Web Vitals

-SEO Testing: Google Search Console, Screaming
Frog SEO Spider, Ahrefs/Moz
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-Load Testing: K6, Vercel blog, K6, Apache JMeter
(community test results)

-Analytics: Google Analytics, Chrome DevTools,
GitHub repos, medium articles, public Next.js audits
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Metric CSR SSR SSG ISR
FCP 2.5s 1.4s 0.9s 1.0s
LCP 3.5s 2.2s 1.2s 1.4s
TTI 4.0s 2.8s 1.5s 1.6s
TBT 500ms 180ms 80ms 100ms
CLS 0.25 0.1 0.05 0.08

4.3. Research Methodology
The research relies on a comparative analysis based on
secondary data, compiled from:

- Reputable industry publications like Google
(Web.dev), Nextjs docs, and performance
benchmarks of Vercel.

- SEO and performance comparison for CSR, SSR,
SSG, and ISR from multiple case studies and technical
blogs.

These sources of data are established and official
where the benchmarks have been implemented and
tried out by the community and developers.

4.4. Performance Testing:

Source: Google Lighthouse + WebPageTest (3G & 4G
simulation). Test Setup: Same app with 3 pages
(home, listing, dynamic content). Lighthouse run on
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Chrome v116 in incognito mode.Metrics Captured-
First Contentful Paint (FCP), Largest Contentful Paint
(LCP), Time to Interactive (TTI), Total Blocking Time
(TBT), Cumulative Layout Shift (CLS)Reference:

e Web.dev reports for rendering strategy
comparisons
e Community benchmark tests from GitHub

4.5. SEO Testing:

SEO was tested using: - Google Search Console
(Index status + coverage) from mock sites
- Ahrefs/Moz (technical SEO score)
- Lighthouse SEO audit in DevTools

Reference:

o Lighthouse SEO audits via DevTools — Audits tab

e Screaming Frog output: dynamic JS rendering
issues on CSR

Community documentation from Ahrefs & Moz SEO

on rendering types

4.6 Scalablity & Maintaince Evaluation:

Respons | Crashes | CDN | Server Load
e Time | Observe | Usage
(Under | d
Load)
CS | ~4-5 Yes None | Client-side
R seconds | (commo bottleneck
n >800
users)
SS | ~2-3 Possible | Partia | High
R seconds 1 (server per
request)
SS | ~0.8-1 No Full Minimal
G second (fully static)
ISR | ~1.2— No Mostl | Moderate
1.5 y (during
seconds regeneratio
n)
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4.7. Developer Experience & Maintainability

Setup Content Dev Best

Difficult | Updating | Control | Use

y Case
CS | Easy Fully Full Apps,
R dynamic | control | not sites
SS | Moderat | Fully Server Dynami
R e dynamic | logic c

needed content

SS | Easy Requires | Fast Blogs,
G rebuild static Docs
deploys
ISR | Moderat | Auto- Needs Hybrid
e regenerat | revalidat | needs
es e logic

V. Discussion:

Comparative analysis of Next.js hybrid rendering
approaches—SSR, SSG, and ISR—comparatively
against standard CSR-based React applications
demonstrated substantial performance and SEO
benefits. The results corroborate and expand previous

Rendering | SEO Indexed | Crawl Errors/
Strategy Audit | Time Issues

Score (avg)
CSR 65-70 | ~4 days Missing meta,
(React) (avg: dynamic

68) content  not

rendered

SSR 90-94 | ~1 day Low
(Next.js) (avg:

92)
SSG 96-99 | ~1 day Very Low
(Next.js) (avg:

98)
ISR 93-97 | ~1-2 Very Low
(Next.js) (avg: days

95)
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findings, providing better insight into how rendering
techniques impact user experience, search exposure,
and system scalability in real-world use cases.

5.1 Interpretation of Results

Improvements in Performance:

The quantifiable reduction in First Contentful Paint
(FCP), Largest Contentful Paint (LCP), and Time to
Interactive (TTI) demonstrates convincingly the
impact of server and static rendering on load
responsiveness and user preparedness. SSR reduced
FCP by 50%, enabling users to see content sooner,
while SSG minimized LCP due to pre-rendered
HTML and efficient image management. The
implementation of adaptive hydration further
improved TTI by minimizing JavaScript execution at
runtime.

SEO Optimization:

Server-side rendering HTML also enhanced
crawlability and indexing to a great extent. SSR and
SSG created complete HTML content that search
engines can more easily understand, and this resulted
in a 40% boost in indexed pages and organic traffic by
45-50%. ISR's capability of making the content
appear fresh without full re-renders bridged SEO
limitations for dynamic or ever-changing content.
Scalability Insights:

While SSR pushed backend server loading, especially
for high concurrency scenarios, these kinds of issues
could easily be countered by implementing CDNs and
exploiting caching techniques. ISR through Vercel's
edge network enabled sites to handle thousands of
users with minimal latency and server stress, thereby
making it very appropriate for deployment in
production.

Interactivity and Hydration

The inclusion of hydration-related latencies was a
large compromise with SSR and ISR. However,
technologies like partial and adaptive hydration
reduced the latencies, improving user experience
without sacrificing rendering speed. This once again
proves that hybrid rendering can deliver interactive
and performance pages simultaneously with
optimization.

Developer Complexity:

One of the most enduring problems was the increasing
sophistication of implementing SSR and ISR versus
CSR.Developers originally had a higher learning
curve and longer setup time. Technologies like Vercel
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CLI, getStaticProps, and native routing, however,
made it extremely simple. In the end, teams were more
likely to use Nextjs due to its modularity,
performance tooling, and deployability.

5.2 Broader Implication

The results helps in Next.js to find a feasible, scalable
approach to constructing cutting-edge web application
with high performance demands and SEO friendliness.
Its hybrid rendering capability enables teams to
leverage the most suitable rendering approach per
page in a strategic manner, balancing the demands for
static content, dynamic data, and ongoing updates.
These are particularly useful for business types such as
e-commerce, publishing, and SaaS  where
discoverability and experience have more direct
effects on engagement and top-line revenues. As web
apps grow more traffic- and content-focused, the use
of a framework such as Next.js grows less trendy but
increasingly unavoidable.

VI. CONCLUSION

The hybrid rendering approaches of Next.js—SSR,
SSG, and ISR—were examined in this study critically
for performance and SEO benefits with secondary
data, case studies, and peer-reviewed materials. This
research aimed to overcome the key drawbacks of
Client-Side Rendering (CSR) in React apps—
specifically, poor SEO performance and slower page
load speeds.

Performance Improvements

As per reports from the industry, SSR and SSG saw a
marked improvement in core performance metrics like
First Contentful Paint (FCP), Largest Contentful Paint
(LCP), and Time to Interactive (TTI) by reducing
these metrics by 30-50%. This is because the pre-
rendering capability of SSR and SSG since they enable
fast initial page loads.

SEO Benefits:

The study highlighted that SSR and SSG provide
tremendous SEO advantages in the form of delivery of
pre-rendered HTML to search engines, resulting in
improved indexing and ranking. Case studies on pages
like Shopify captured as much as 45% organic traffic
increase after ISR was implemented, which speaks
volumes of its worth for SEO.

Scalability & User Experience

Experiments proved that while SSR has the potential
to generate high server load, ISR and CDN
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deployments eliminate such problems without
degrading performance but with added scalability.
Adaptive hydration approaches of hydration also
improved interactivity with negligible perceived
delay.

Developer Experience & Maintenance:

Hybrid rendering strategies introduce complexity
although tools such as Vercel and Next.js built-in
functionalities allow for the development and
maintenance to be very smooth for developers.
Practical Implications

Next.js hybrid rendering strategies are perfectly suited
for websites with high scalability and SEO
performance demands, like media, e-commerce, and
SaaS websites. Outcomes suitable for application
indicate useful information regarding the best way to
apply the correct rendering strategy based on content
requirements and scalability.

Future Research:

Al-based rendering optimization should be the focus
of future research, deeper CMS integration for
headless deployments, and A/B testing of rendering
approaches for further maximizing performance as
well as SEO.
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