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 This article presents a comprehensive analysis of the rendering 
performance of four popular JavaScript frameworks: React, 
Vue, Next.js, and Nuxt.js. In an increasingly competitive web 

development landscape, performance optimization is 
paramount. By exploring various benchmarks, profiling tools, 
and real-world use cases, this study delves into how these 
frameworks handle rendering, component updates, and server-
side rendering (SSR). The results offer developers valuable 
insights into choosing the most suitable framework for their 
projects, with a focus on delivering optimal user experiences 
and efficient web applications. The results conducted with 
WebPageTest, PageSpeedInsight, and GTMetrix show that Vue 
is the fastest in the average result tested with Webpage Test 
with 0.9s compared to Nuxt with 2.2s. For PageSpeed Insight, 
React outperforms other frameworks with 2.8s compared to the 
highest which is Next with 3.9s. In GTMetrix test, Next turns 
out to be the fastest framework with 0.8s, while React is the 

slowest with 1.4s. 
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1. INTRODUCTION  

Website development nowadays is basically divided into 2 teams. Those 2 teams are 

front-end, back-end (Axtell et al., 2020). Front-end is usually known as client-side and is 

mainly all about the design of a web. According to article of (Dutonde et al., 2022), The 

technologies used for developing front-end are HTML, CSS, and Javascript.   Meanwhile, 

back-end development also known as server-side, means developing the database and 

sending those data to front-end (Madurapperuma et al., 2022). The datas are then 
converted into beautiful ui with the help of front-end. Without back-end, the interactivity 

by the user will be limited because they cannot maintain the data inputted into web. This 

type of static website only allow user to view data generated from the front-end developer.  

The dynamic website however, allow user to manipulate the data.  Nowadays, with the 

help of Node.js, development of server-side is made possible and easier than before 
(Herron, 2020) 

  Research done by (Cincović & Punt, 2020) titled “Comparison: Angular vs. React 

vs. Vue. Which framework is the best choice?”. This research aims to discover the 

http://iocscience.org/
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difference of popular javascript frameworks such as Angular, React, and dan Vue. The 

measured parameters are popularity, performance, community support, learning curve, 

migrations, and flexibility. From the research, it shows that React and Vue is more 
lightweight and fast compared to Angular.  

(Ollila et al., 2022) do research with title of “Modern Web Frameworks: A 

Comparison of Rendering Performance.” In the article, author conducted rendering 

strategy between Angular, React, Vue, Svelte, and Blazor. The results show there are 

significant difference depending on different rendering strategy used. The difference is 

found on several similar tasks that is run by the framework. The best rendering strategy 
is the one with less input size dan optimized with compile-time optimization and reactive 

programming models. 

Another study was also conducted by (Boczkowski & Pańczyk, 2020) with the title 

"Comparison of the performance of tools for creating a SPA application interface - React 

and Vue.js." The study involved the development of two applications with similar 
functions using React and Vue. The results indicated differences between the two in 

displaying complex interfaces. React performed better in cases involving smaller-sized 

components, while Vue achieved better results in displays with larger elements. 

Another study titled "Comparative analysis of React, Next, and Gatsby 

programming frameworks for creating SPA applications" was also conducted by 

(Świątkowski & Ścibior, 2022). The study aimed to determine which technology is 
superior for building the UI portion of an application. The research was carried out using 

React, Next, and Gatsby to build the same content. To evaluate performance differences, 

the researchers used web development tools and the React Library. Based on the results 

of the study, React was found to be the most efficient in displaying pages with a large 

amount of data.  
The research conducted by (Vianto & Siahaan, 2022) measures the performance 

of websites built with React, Angular, SolidJS, Vue, and Svelte. The researchers used the 

waterfall method to build the websites that would be tested. The parameters measured 

were (i) First Contentful Paint, (ii) Largest Contentful Paint, (iii) Time to Interactive, (iv) 

Speed Index, (v) Total Blocking Time, (vi) Cumulative Layout Shift. The website built for 

this research is a weather website using the OpenWeather API. The tool used for the 
research is Google Lighthouse. Vue is the framework with the best performance in this 

study. 

Based on the previous research, the researchers conducted a performance 

comparison of front-end frameworks with both client-side rendering (CSR) and server-

side rendering (SSR). The frameworks compared included React, Vue, Next, and Nuxt. 
The research is about building a website that displayed a list of movies based on data 

retrieved from the TMdB API. Unlike the previous research that was tested with Google 

Lighthouse or web development tools, the researchers used three testing tools: WebPage 

Test, PageSpeed Insight, and GTMetrix (Hossain et al., 2021).The parameters measured 

included (i) Load Time, (ii) First Byte, (iii) Start Render, (iv) Speed Index, (v) Cumulative 

Layout Shift, (vi) First Contentful Paint, (vii) Largest Contentful Paint, (viii) Total Blocking 
Time, and (ix) Time To Interactive. The methodology employed was ADDIE. Thus, this 

research aids to find the rendering performance of React, Vue, Next, and Nuxt. The result 

is intended to benefit web developers particularly as an insight into the selection and 

learning of Javascript Front-end and Fullstack Framework. 

In summary, our study contributes to the existing body of knowledge by offering a 
comprehensive analysis of rendering performance across these popular frameworks, with 

a specific focus on CSR and SSR, thus addressing several gaps in previous research. 

Moreover, it adds practical implications for web developers seeking to optimize their web 

development projects. 
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2. RESEARCH METHOD 

 
Figure 1. Research Flow 

This research started with the process of literature review. Researchers will read 

several literatures and gain an insight of how to begin the experiment. Research problem 
formulation is the process that come after literature review. It is done by specifying 

problems in society that is concerning enough be researched. After having the problem 

specified, researcher will begin to design the experiment scope. With the experiment 

scope, researcher will be able to know type of data to measure to compare between the 

advantages and disadvantages of React.js, Next.js, Nuxt.js and Vue.js. Then, researcher 

will start to develop the application. This process includes designing, prototyping, and 
programming with 4 different frameworks to build a movie list web application. When all 

of the web applications have been developed, researchers will continue with the process 

of data gathering. The datas gathered are then analysed and after the step of analysis is 

done. Researchers will write a report for the experiment results. 

 
Figure 2. ADDIE Model (Aklani & Jacky, 2022) 

  The model used in this research is ADDIE model based on the reference (Aklani & 
Jacky, 2022). This model helps researcher to develop the application required for 

experiment.  There are 5 steps in ADDIE model (Spatioti et al., 2022), the step for this 

research is as follows: 
a. Analysis 

In the analysis phase, researchers will identify and select the performance metrics 

to be used in the comparative analysis of rendering performance. Researchers will also 

gather the movie data provided by TMDb API.  

 

b. Design 
In this process, researchers will design required UI / UX design using Figma. 

c. Develop 

Develop is the process where researchers start to build the program needed for 

experiment. 
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d. Implementation 

After development process, researchers will deploy and test the program in this 

implementation process. 
e. Evaluation 

Finally, researcher begin to collect the data and compare them with metrics 

stated in research method section. 

3. RESULTS AND DISCUSSIONS  

3.1 Analysis 

There are 3 tools used for testing each rendering performance metric. (1) Webpage 
Test is tool used for Assessing the website's speed, user-friendliness, and robustness 

(Abdulla et al., 2023). (2) GTMetrix, an automated software testing and provides 

suggestions to enhance website management quality (Dawis & Setiawan, 2022). (3) 

PageSpeed Insight, a performance testing tool, evaluates various aspects of a website's 

performance to provide valuable insights and recommendations for optimization (Muna et 
al., 2023).  

 
Table 1. Performance Metrics 

Metrics Description Tools 

  WebPage Test        PageSpeed           GTMetrix 
                                Insight      

Load Time Measure the website loading time 
for a fully rendered website (De 
Munk & Malavolta, 2021) 
 

 

  

First Byte Measure time taken to receive the 
first byte (Eslamdoust, 2022) 
  

  

Start Render The first content being rendered 

that can be seen by user even if it‟s 
background (Król, 2018) 

 

  

     
Speed Index Measure the speed for the content 

of the page to be filled (De Munk et 
al., 2022) 
 

 

  

Cumulative 

Layout Shift  

Measure the load time when website 

element shift until it finishes 
(Mokhtari et al., n.d., 2022) 
 

 

  

First 

Contentful 
Paint 

Time taken for the first element to 

be rendered (Tengriano et al., 2022) 
  

  

Largest 
Contentful 

Paint 

Time taken for the largest element 
to be rendered (Justus & Jaeger, 

2022)  

  

Total Blocking 
Time 

Amount of time used for blocking 
the element to be rendered (Hossain 

et al., 2021) 
 

  

Time to 
Interactive 

Total time for a website to be fully 
interactive (Namoun et al., 2020) 

 

  

     

 

Performance testing is a way to organize, carry out, monitor, and assess a 

system's outcomes under specific circumstances to identify the predicted behaviors of 

determining software under these circumstances (Martins et al., 2020). Based on the 
meaning above, performance testing is conducted considering the importance of 

performance to user. By having a better performance, a system will give user a better 
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experience (Hamzah et al., 2022). The metrics tested in this research can be viewed at 

table 1 (Hossain et al., 2021).  

3.2 Design 
During this phase, researchers design the UI using Figma to be converted by 

code. The design of each framework can be seen on Table 2. 

Table 2. Movie Web by Framework 

Framework Link UI 

React.js https://ryan-react-movie-
app.netlify.app/ 

 

 
Vue.js https://ryan-vue-movie-

app.netlify.app/ 
 

 
Next.js https://ryan-next-movie-

app.netlify.app/ 
 

 
Nuxt.js https://ryan-nuxt-movie-

app.netlify.app/  

 
   

3.3 Develop  

After finish designing, the next step is to convert the design with code. This process 
involves coding with syntax by each framework. 

 

3.4 Implementation 

https://ryan-react-movie-app.netlify.app/
https://ryan-react-movie-app.netlify.app/
https://ryan-vue-movie-app.netlify.app/
https://ryan-vue-movie-app.netlify.app/
https://ryan-next-movie-app.netlify.app/
https://ryan-next-movie-app.netlify.app/
https://ryan-nuxt-movie-app.netlify.app/
https://ryan-nuxt-movie-app.netlify.app/
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Figure 3. Netlify Deployment and Testing 

 

The final coding version is deployed and tested in this phase. The codes were 

published to github code repository. All of the webs are deployed to netlify hosting 
platform and the link of each framework is displayed at table 2.  

 

3.5 Evaluation 

 Based on the websites above, the rendering performance test was conducted and 

the results are counted in the second unit and can be viewed in table 3 – 6 below. 

Table 3. WebPage Test Rendering Performance Result 
Metrics React Vue Next Nuxt 

LT 
FB 

0.4 s 
0.1 s 

0.3 s 
0.1 s 

1.3 s 
0.7 s 

1.5 s 
0.7 s 

SR 2.6 s 0.3 s 1 s 0.9 s 
SI 3.2 s 0.3 s 4 s 5 s 

CLS 0 s 0 s  0.4 s 0 s 
FCP 2.6 s 0.3 s 1.2 s 0.8 s 

LCP 6.4 s   7.1 s 5 s 7.3 s 
TBT 0 s 0 s 0.3 s 0.1 s 
TTI 2.5 s  0.5 s 4 s 4 s 

Average 1.9 s 0.9 s 1.5 s 2.2 s 

     

 The result tested with WebPage Test shows all required metrics. Based on the 

result table, we can conclude that Vue is the fastest to fully load the website with the 

lowest load time of 0.3s compared to Nuxt with 1.5s.  Vue also ends up as the best for 

speed index means the speed of the content to be filled is the fastest with 0.3s. While 
Nuxt is again the slowest of all frameworks for speed index. For average of all metrics, 

vue has the fastest rendering performance with 0.9s compared to Nuxt with 2.2s 

Table 4. PageSpeed Insight Rendering Performance Result 
Metrics React Vue Next Nuxt 

LT 
FB 

- 
- 

- 
- 

- 
- 

- 
- 

SR - - - - 
SI 2.2 s 2.1 s 5.4 s 4.8 s 

CLS 0.1 s 0.1 s 0.7 s 0 s 
FCP 1.5 s 1.5 s 1.7 s 1.5 s 
LCP 11.3 s   13.7 s 11.8 s 7.7 s 
TBT 0 s 0 s 0.3 s 1.6 s 

TTI  - - - - 
Average 2.8 s 3.4 s 3.9 s 3.1 s 
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  Using Pagespeed insight as a testing tool, the result does not complete all metrics. 

For speed index metrics, react is the fastest with 2.2 compared to Next with 5.4. The 

result is different compared to webpage test result, this can be highly due to network 
latency and tools testing algorithm. In average, react performs the best with 2.8s while 

Next is the worst with 3.9s. 

Table 5. GTMetrix Rendering Performance Result 
Metrics React Vue Next Nuxt 

LT 
FB 

0.3 s 
0.2 s 

0.3 s 
0.1 s 

0.4 s 
0.1 s 

0.3 s 
0.1 s 

SR 1.9 s 0.3 s 0.3 s 0.2 s 

SI 2.2 s 2.9 s 1.7 s 2.2 s 
CLS 0 s 0 s 0 s 0 s 

FCP 1.9 s 0.3 s 0.3 s 0.2 s 
LCP 2.6 s 3.1 s 2.1 s 3.3 s 
TBT 0.5 s 0.4 s 0.6 s 0.6 s 

TTI 
Average 

 3 s 
1.4 s 

3.2 s 
1.1 s 

2.1 s 
0.8 s 

3.5 s 
1.1 s 

     

 In GTMetrix test results, all metrics are complete. From total blocking time, Nuxt 

and Next have higher value as fullstack framework with server-side rendering compared 

to React and Vue which means there are time when it is blocked before rendering. 

However, even with total blocking time, both Next and Nuxt is faster to render the first 

byte compared to their front-end only framework (React and Vue). Other metrics also 

show that they are faster than React and Vue. This can be viewed in the average with 
Next and Next with 0.8 and 1.1 compared to React and Vue with 1.4 and 1.1 

Table 6. Average of Webpage Test, PageSpeed and GTMetrix 
Metrics React Vue Next Nuxt 

LT 
FB 

0.3 s 
0.1 s 

0.3 s 
0.1 s 

 0.8 s 
 0.4 s 

0.9 s 
0.4 s 

SR 2.2 s 0.3 s  0.6 s 0.5 s 

SI 2.5 s 1.7 s  3.7 s  4 s 
CLS 0 s 0 s 0 s 0 s 
FCP 2 s 0.7 s  1 s 0.8 s 
LCP 6.7 s  7.9 s 6.3 s 6.1 s 

TBT 0.1 s  0.1 s  0.4 s 0.7 s 
TTI 

Average 
 2.7 s 
 1.8 s 

 1.8 s 
 1.4 s 

 3 s 
 1.9 s 

3.7 s 
 1.9 s 

     

Based on average of all WebPage Test, PageSpeed Insight, and GTMetrix, Vue is 

still the fastest framework even compared to its full stack framework Nuxt. Next and Nuxt 
are slower compared to a fully front-end framework.  However, Nuxt and Next is faster in 

rendering the first and largest component compared to React and Vue. 

3.6 Discussion 

The performance test results showcase the strengths and weaknesses of React, 

Vue, Next, and Nuxt frameworks. In terms of WebPage Test metrics, Vue and React stand 

out as top performers with rapid Load Times of 0.3s and 0.4s, respectively, highlighting 
their ability to swiftly load web content. Vue's and React's quick First Byte response 

times of 0.1s further demonstrate their efficiency in initiating data transmission. Vue 

excels in Start Render and Speed Index, indicating its prowess in rapidly displaying 

content and ensuring a responsive user experience. In contrast, Next and Nuxt exhibit 

slightly longer times in these aspects, which may affect the user experience, especially in 
scenarios requiring real-time data rendering. Vue and React also impress with minimal 

Cumulative Layout Shift (CLS) values, providing a visually stable user experience. 
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      PageSpeed Insight metrics align with the findings from WebPage Test, where Vue and 

React maintain their strong performance with low Speed Index values, indicative of a 

smooth user experience. Cumulative Layout Shift (CLS) metrics in PageSpeed Insight 
favor Vue and React, ensuring a visually stable user experience. Vue's and React's swift 

content delivery is evident in First Contentful Paint (FCP) and Largest Contentful Paint 

(LCP) metrics. Total Blocking Time (TBT) metrics reveal Vue and React as top performers 

in minimizing unresponsiveness, and Time To Interactive (TTI) metrics position them as 

leaders in providing quick interactivity. 

GTMetrix metrics echo the trends observed in previous tests, highlighting Vue and 
React as top performers in Load Time, Start Render, and Speed Index, emphasizing their 

ability to provide a swift and responsive user experience. Cumulative Layout Shift (CLS) 

values continue to favor Vue and React, while First Contentful Paint (FCP) and Largest 

Contentful Paint (LCP) metrics underscore Vue's and React's proficiency in rapidly 

displaying content. Total Blocking Time (TBT) metrics highlight Vue's and React's 
strengths in minimizing unresponsiveness, and Time To Interactive (TTI) metrics again 

position them as leaders in providing quick interactivity. The average values across the 

GTMetrix metrics reaffirm Vue and React as solid choices for web development projects. 

In summary, Vue and React consistently emerge as strong performers across various 

performance metrics, including load times, content rendering, and interactivity. Their 

efficient performance enhances user satisfaction and underscores the importance of 
making informed framework choices tailored to the unique needs of a web development 

project. While Next and Nuxt provide reasonable performance, Vue and React are 

particularly well-suited for projects that demand speed and responsiveness, ensuring a 

smoother user experience and ultimately impacting the success of web applications. 

4. CONCLUSION  

Performance definitely lead to better user satisfaction. One way of increasing performance 

can be started from choosing the better framework for performance. Based on interviews,  

Vue is faster than other frameworks. The result by doing this rendering performance 

comparison with WebPage Test, GTMetrix, and PageSpeed Insight, researcher find that 

Vue is the fastest in the average result tested with Webpage Test with 0.9s compared to 

Nuxt with 2.2s. For PageSpeed Insight, React outperforms other framework with 2.8s 
compared to the highest which is Next with 3.9s. In GTMetrix test, Next turns out to be 

the fastest framework with 0.8s, while React is the slowest with 1.4s. However, we 

recognize limitations: a narrow focus on select frameworks, a single use case, variability 

in testing tools, and the neglect of environmental factors. To address these, future 

research should explore diverse frameworks, dynamic applications, and reliable testing 
methods. Additionally, user-centric studies can offer practical insights. Such efforts 

would provide a more holistic understanding of web development framework 

performance, benefiting both developers and end-users in the dynamic field of web 

technology. 
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