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This thesis presents a comparative study of modern frontend frameworks, including React, 

Svelte, and Qwik, with a focus on their architectural differences, performance, 

maintainability, and developer experience. A single-page notes application with identical 

functionality was implemented using each framework to ensure a fair comparison, including 

features such as creating, editing, deleting, searching, tagging, attaching, and filtering notes 

with data stored locally in the browser. 

The final evaluation of results is based on performance metrics, including initial load time, 

time to interact, and resource usage, which are measured using browser-based tools such as 

Lighthouse in production environments. Aside from quantitative data, qualitative results 

related to development experience and code structure are compared. The findings show 

differences in how the frameworks handle logic, execution, and scalability, as well as their 

suitability for different application requirements. The study aims to support developers when 

selecting the appropriate frontend frameworks for modern web applications. 
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1  Introduction 

The creation and development of digital services have gone through constant changes in 

recent years because of the development and growth of web applications that aim to achieve 

as fast performance and seamless interactivity as possible. The way developers make fast, 

interactive, and scalable web interfaces has been influenced by frontend frameworks, 

including React, Svelte, and one of the newest, Qwik. It is essential to understand the 

advantages and disadvantages of these frontend frameworks to make the development 

process more effective and scalable. 

Popular frameworks like React, Svelte, and Vue have been studied and compared in terms 

of their DOM performance, data binding, code syntax, architecture, and usability (Vyas, 

2022; Rathinam, 2023). These studies demonstrate that the selection of the frontend 

framework impacts not only the development speed and user interface, but also the 

application’s scalability and maintainability in the future. Additionally, other studies show 

the evolution of relatively newer frameworks, such as Svelte, that have gained significant 

usage and popularity among developers by introducing innovations like its compiler-first 

approach and lack of a virtual DOM (Levlin, 2020). 

Even with all the research done by this point, most comparative studies do not focus on 

newer frameworks against older, already established ones. One such framework is Qwik, 

which is a resumable framework designed to minimize client-side JavaScript execution 

(Vepsäläinen, 2023). Limited research is available that compares Qwik’s performance to 

older, more established frameworks like React and Svelte. A systematic comparison of these 

three frameworks contributes to the understanding of their practical benefits, downsides, and 

roles within the web development process.  

The main objective of the thesis is to compare the performance, architecture, and 

development experience of the three frameworks: React, Svelte, and Qwik. Additionally, an 

analysis of how the development process changes in the process of constructing a 

comparable application with each framework helps evaluate both quantitative, measurable 

performance metrics, as well as qualitative, developer experience. 
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This research aims to study the frontend frameworks, without including factors like the 

backend or database technologies. The methodology used combines a literature review with 

a practical implementation of the same web application in each framework, tested for 

performance metrics such as the load time. The thesis covers the description of multiple UI 

development frameworks and the major differences between them, the research 

methodology, and a description of the setup for the practical implementation, the results and 

analysis of the test, and a conclusion with the key findings and recommendations for future 

work. 
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2  Background of modern frontend frameworks 

Web frontend development has changed due to the appearance of new technologies and the 

growing needs of users and developers. Frontend frameworks are meant to enhance and 

support HTML, CSS, and JavaScript in creating web applications. Before selecting a 

framework, the needs and requirements of the application itself need to be understood so the 

framework can assist the process of achieving these goals. This section goes deeper into how 

these frameworks evolved, what features set them apart, and what trends are there that create 

the need for frontend frameworks.  

2.1  Evolution of frontend development 

Each web development starts from three languages: HTML, CSS, and JavaScript. HTML 

acts as the foundation that provides a structure for the elements of the system, such as 

headings, paragraphs, links, and forms. CSS takes care of the style and layout of the page 

and elements, ensuring control of fonts, colours, spacing, and responsiveness of the 

elements. Lastly, JavaScript is a scripting language that adds interactivity to the system, 

providing features like animations, handling events, and dynamic content updates. Later, 

frontend frameworks appeared to help streamline frontend development by adding reusable 

components, state management, and different rendering techniques in the process (Serafin, 

2024). 

Due to the constant advancement of these technologies, the evolution process of web 

development has been divided into different stages. The first one was using basic HTML 

and CSS, having static websites where the content could only be consumed by the user, 

without any interactivity. Later, new web applications appeared that could have real-time 

updates and user-generated content, these dynamic and interactive functions being powered 

by the introduction of JavaScript and AJAX. During this stage, the social media platforms, 

such as widely used apps Instagram and TikTok, appeared and gained more popularity. 

Lastly, most recently, web development has started leveraging artificial intelligence, 

blockchain technology, and decentralized applications to strengthen the user experience and 

data security (Serafin, 2024). 
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As a result, JavaScript frontend frameworks have gone through multiple development phases 

as web programming has evolved. At first, these frameworks were used for things such as 

checking if a form was filled out correctly and making image sliders. At the time, jQuery 

was popular as it facilitated the process of DOM manipulation and made interactivity easier, 

enabling working with different parts of a web page to make them interactive. At the same 

time, new frameworks appeared that had the focus on building more complex web 

applications, such as AngularJS and Ember, that introduced new concepts, including two-

way data binding and client-side routing (Bhardwaz and Godha, 2023). 

React was the next to appear, introducing a component-based architecture and a virtual 

DOM. It also focused on declarative UI building, which allowed for more efficient updates 

and better code organization (Vyas, 2022). Vue.js followed, combining the benefits of both 

Angular and React, which were the support of two-way binding while using a lighter virtual 

DOM, improving performance in tasks like manipulating table rows and columns (Vyas, 

2022). The desire for smaller and more focused libraries and frameworks increased as many 

of the features provided in already existing frameworks were not needed for most web 

applications. Svelte was introduced with a compile-time approach that directly updates the 

real DOM, minimizing runtime overhead and being accessible for developers of different 

skill levels (Bhardwaz and Godha, 2023; Levlin, 2020). 

Most recently, Qwik emerged as a framework from the newest generation that prioritizes 

resumability to improve performance. By minimizing client-side work and progressively 

activating only the necessary parts of the application, it is an example of the “disappearing 

framework” concept, aiming to reduce JavaScript execution while maintaining interactivity 

(Vepsäläinen, 2023; Vepsäläinen, et al., 2023). 
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                 Figure 1: Frontend frameworks ratios over time (Stateofjs.com, 2024) 

 

Figure 1 shows that the year 2024 had an increase in popularity for various frameworks. 

Svelte increased quickly in popularity due to its simplicity and performance.  React remains 

a dominant and widely used framework, but with issues regarding being overcomplicated 

and not working as well as it should. On the other hand, Qwik is also becoming more popular 

among smaller companies because it is designed for efficiency. Each framework caters to 

different developer needs and preferences, contributing to a diverse frontend ecosystem and 

proving that constant evolution in this area is majorly important. 

2.2  Characteristics of modern frontend frameworks 

Modern frontend frameworks have developed as a response to increasing needs from 

developers and users.  Despite their different concepts, their goal is to make web 

development better in terms of speed, efficiency, and ease of use. The way they can support 

and improve this is by optimizing user interfaces, performance, updates, and scalability.  

One main characteristic that makes modern frontend frameworks stand out and bring value 

is their component-based architecture. They divide a web page into reusable pieces called 
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components, so each of them has its own structure, style, and behaviour. Such an approach 

promotes better reusability, modularity, and maintainability of the code (Usmani, 2023). 

Many frameworks have such an approach, such as Angular, which is mostly composed of 

elements formed using templates and instructions, or React, whose one of the biggest 

features is its code reusability (Rathinam, 2023; Vyas, 2022). 

Another distinct feature of the frameworks is their reactivity and state management. The 

main concept is that they automatically update the UI when data changes without any manual 

DOM operations, and each framework has a different strategy for doing this. For example, 

React uses a virtual DOM and one-way data binding for efficient rendering, while Vue, 

although it also uses a virtual DOM, supports two-way data binding between components 

and templates (Vyas, 2022). Differently, Svelte adopts a reactive programming model that 

removes the need for a virtual DOM, avoiding its overhead (Bhardwaz and Godha, 2023; 

Harris, 2018). Newer frameworks, such as Qwik, introduce novel reactivity models designed 

to optimize server and client interaction (Vepsäläinen, 2023). 

One major aspect of modern frontend frameworks is scalability and viability over time. As 

web applications grow and become more complex, frameworks must support efficient 

scaling without compromising performance or maintainability. Scalability ensures that the 

framework can handle increased data, users, and features, while viability secures adaptability 

to new technologies and development standards. Modern frontend frameworks address these 

challenges through architectural strategies that reduce unnecessary computation, such as 

React’s backward compatibility, which allows for gradual updates without breaking the 

existing codebase, and Svelte’s lightweight structure, which directly manipulates the DOM 

and results in smaller bundle sizes and improved performance (Vyas, 2022; Levlin, 2020). 
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Figure 2: Usage of frameworks in the community of Stack Overflow, 2024 (Stackoverflow, 

2024) 

 

An important characteristic of using frameworks is the community and support they provide. 

A very popular website used for finding and asking for community support when coding is 

Stack Overflow. As shown in Figure 2, modern frameworks are supported by large developer 

communities that can create plugins, libraries, and tutorials that help others learn and solve 

problems. From the statistics, “admired” refers to the number of developers who have used 

the framework and want to continue working with it, while “desired” shows the percentage 

of developers who want to use the technology in the upcoming year. The strong ecosystem 

of a framework ensures long-term support when working with it, as well as continuous 

improvement for areas where the framework might be lacking.  
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2.2.1  React 

React is a foundational framework that has innovated frontend development by introducing 

new concepts and approaches.  

It introduced a component-based approach that promotes reusability, modularity, and 

maintainability of code (Usmani, 2023). It combines UI templates with JavaScript logic, 

using JSX, which is a syntactic extension that enables programmers to create markup inside 

JavaScript (Vyas, 2022). This method keeps the components’ structure and logic in one 

place, improving readability and maintainability.  

React also introduced the concept of the virtual DOM to render nodes when needed to 

maximize efficiency, which is a lightweight copy of the real DOM used to determine which 

parts of the interface need updating. It compares the current and the previous virtual DOM, 

minimizing unnecessary re-rendering and enhancing performance (Vyas, 2022). 

Due to it being an already established framework used by many, it has a strong community. 

This allows for active community support, with abundant resources, libraries, and third-party 

packages available for developers (Kaur and Tiwari, 2023; Usmani, 2023). As it is primarily 

a view library, it allows developers to choose additional libraries and tools for state 

management, routing, etc. (Usmani, 2023). It has frameworks built on top, such as Next.js 

for server-side rendering to make a website easy for search engines to find, understand, and 

show users in search results. It displays the HTML file first, then the JavaScript file loads to 

ensure interaction and that data appears, which does not let the user see a blank page when 

it first loads, significantly reducing the browser's workload (Fariz et al., 2022). 

Despite this, it has its limitations. The framework lacks any additional unique features and 

might be considered reliant on external libraries for better functionality. Additionally, it 

might experience runtime overhead as it does not include a router or an HTTP client to render 

different components in response to URL changes (Vyas, 2022). 

Despite these limitations and with its features in mind, it has scenarios and use cases for its 

best use, namely modern, interactive SPAs such as social media platforms and real-time 

dashboards (Serafin, 2024). 
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2.2.2  Svelte 

Svelte is a next-generation framework addressing previous frameworks' runtime overhead 

and unnecessary features. 

It eliminates the virtual DOM by converting input code to JavaScript at build time rather 

than run time and removing the requirement to transfer declarative elements to the real 

DOM. As its developers consider that the virtual DOM is "pure overhead," this is a change 

from the previous virtual DOM tradition (Levlin, 2020). How the virtual DOM worked is 

that without first comparing the new virtual DOM with the previous snapshot, changes 

cannot be made to the real DOM. The risk of doing needless work is increased, even if it is 

simple, and the app will eventually succumb to "death by a thousand cuts" with no obvious 

bottleneck to aim for when it's time to optimize (Rich Harris, 2018). 

Svelte's reactive programming model makes it simple for developers to design responsive 

and dynamic user interfaces. Because the reactive programming approach is integrated and 

no other libraries are needed, this removes the necessity for complicated state management 

and lets developers create clear and maintainable code (Bhardwaz and Godha, 2023).  

Additionally, it has a lightweight structure that makes it popular for all skill levels. Due to 

its low overhead, smaller size compared to other frameworks, and no additional libraries or 

dependencies required, its method of creating web applications removes the requirement for 

extensive configurations and build tools. Large and complex web applications can be 

efficiently built and maintained given the highly reusable code and easy-to-understand 

syntax that removes the need for a complicated set of APIs (Bhardwaz and Godha, 2023).  

Performance-wise, compared to other frameworks, the final package of the application that 

is transferred from the server to the browser is much smaller because its compiler only retains 

the code required for the program's functionality (Tripon et al., 2021). 

Having its benefits, Svelte is an ideal choice for developing apps that must be quick and 

responsive, namely, real-time games, e-commerce websites, and other applications that 

expect more user interaction. Because it has a compact size, efficient approach, and reactive 

programming style, which make it simple for developers to design interactive and responsive 

user interfaces, it is also appropriate in mobile web development (Bhardwaz and Godha, 

2023). 
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2.2.3  Qwik 

Qwik is a newer framework emerging with the trend of “disappearing frameworks” that tries 

to improve the process of developing interactive web applications without effort. 

It introduces the process of resumability, so the Qwik compiler calculates what it can on the 

server side, after which the client receives the starting state. At this time, the compiler 

converts specific portions of the code that are marked for lazy loading and transforms them 

into a format that can be efficiently handled by the Qwik runtime. At the client side, the 

runtime loads necessary interactivity on demand as described above (Vepsäläinen, 2023). 

With this, one of Qwik’s defining features is its granular lazy loading mechanism. Its 

compiler automatically detects split points within the code and divides the application into 

small, loadable units. When the user interacts with a specific part of the page, it only loads 

and executes the code required for that interaction. Developers can control when loading 

happens through a built-in Service Worker, which allows them to adjust between eager and 

deferred loading strategies (Vepsäläinen, 2023). 

One of the biggest attractions of this framework is the way it handles interactivity and avoids 

the cost of hydration. Resumability achieves this by resolving the conflicting requirements 

of page speed and interactivity (Vepsäläinen, 2023). Its approach, which prioritizes Time to 

Interact (TTI) over Time to Load (TTL) and focuses on different metrics compared to its 

predecessors, marks a shift in the way web applications are built (Vepsäläinen, et. al., 2023). 

Its performance is driven by its concept of a disappearing framework, where most of the 

work happens on the server, leaving almost nothing to load on the client, following the idea 

of trying to make itself vanish from the application. By focusing on resumability, it can split 

the code into small, independent chunks that are loaded when needed, which results in faster 

initial load times and minimal JavaScript execution (Vepsäläinen, et. al., 2023; Vepsäläinen, 

2023). 

Due to its features, Qwik is best suited for applications that require fast load time and high 

interactivity, such as e-commerce sites, dashboards, and content-heavy platforms. 
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2.3  Trends and future in modern framework design 

Frontend frameworks continuously evolve in response to changing developer needs, user 

expectations, and performance demands. Different trends specifically can be recognized in 

the evolution of frontend frameworks that showcase how they have adapted to the changing 

web environment. These trends include focus on performance and lightweight design, 

accentuating the shift from virtual DOM-based rendering to compile-time and resumable 

architectures, developer experience and simplicity, server-side rendering and SEO, and the 

“disappearing frameworks”. 

Performance optimization remains one of the central goals in modern framework design, 

emphasizing smaller bundles, faster rendering, and reduced overhead. Each framework 

addresses these differently, as React relies on the virtual DOM to efficiently update UI 

changes, Svelte eliminates the virtual DOM by compiling at build time, and Qwik introduces 

resumability to minimize client-side execution and improve loading speed (Vyas, 2022; 

Levlin, 2020; Vepsäläinen, 2023; Devmio, 2025). Altogether, these innovations show that 

improving performance remains one of the key drivers of frontend framework evolution. 

At the same time, the focus on developer experience has increased drastically. A developer 

would expect and prefer to work with tools that are easier to learn, code, and maintain. React 

has an ecosystem that supports developers with tools and libraries, which aid in the 

development of the whole application (Usmani, 2023). Examples of these aids can be that 

Meta, Facebook, provides a browser extension to simplify the process of debugging 

applications, as well as allowing developers to inspect component hierarchies and record the 

web application’s performance (Rathinam, 2023). Aside from older frameworks that were 

often large and included unnecessary features, Svelte became popular due to its small size 

and low overhead, requiring no additional libraries or dependencies (Bhardwaz and Godha, 

2023). Extending this trend, Qwik further reduced developer workload through its 

automation and resumable behavior, generating code loaded on a granular level through its 

code splitting algorithms (Vepsäläinen, 2023). 

Another important trend is the deeper integration of server-side rendering and SEO 

capabilities. This means that it makes a website easy for search engines to find, understand, 

and show users in search results. This is something that Next.js does for React, by displaying 

the HTML file first, while the JavaScript file executes (Fariz, et al., 2022). Qwik applies a 
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similar logic by calculating what it can on the server side, allowing the application to load 

instantly and progressively activate only necessary parts (Vepsäläinen, et al., 2023; Hevery, 

2021). Improving SSR and having hydration methods have become essential in building fast 

and discoverable apps. 

Extending this development, a new trend sparked in the frontend development, which is the 

“disappearing frameworks”. These frameworks try to do most of the work before the page 

loads, avoiding top-down rendering and having improved performance as there is less 

JavaScript to ship. Also, it has less problematic SEO due to an increased amount of static 

content that produces better accessibility and discoverability by default (Vepsäläinen, et al., 

2023). 

Modern frontend frameworks are constantly moving towards obtaining better performance. 

The shift from React’s virtual DOM to Svelte’s compile-time approach and Qwik’s 

resumable model highlights a search for balance between performance, simplicity, and 

adaptability.   
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3  Methods 

This chapter describes the selection process and research methods used to compare the 

selected frameworks and to build the test application. The aim is to apply the theoretical 

concepts of each framework to a practical context and to evaluate their usability and 

performance. 

3.1  Framework selection 

For this study, three frontend frameworks were selected: React, Svelte, and Qwik. This 

selection aims to cover different generations and approaches in frontend development, 

resulting in a comprehensive comparative analysis. 

The process of choosing a framework is influenced by both technical and non-technical 

factors. A major technical consideration is the requirements, both functional and non-

functional, of what the app performs and how it performs it. While functional requirements 

refer to what the developer must implement, non-functional requirements include quality 

attributes, data definitions, external interface specifications, design and implementation 

limitations, and more (Deirdre, 2007). For a good and improved user experience, user 

requirements must be taken into consideration as they describe what the user will be able to 

do with the product. Additionally, there are business requirements that describe the business 

goals the project achieves and address the question of its need (Deirdre, 2007). Non-technical 

factors that influence the choice and the process involve available resources, such as 

developer expertise, scalability needs, and ease of use (Usmani, 2023).  All of these metrics 

and factors considered, the frameworks were chosen to reflect a different way and set of 

options for creating the same project.  

React represents an already established and mature ecosystem, as it is widely adopted and 

has strong community support, with extensive libraries, tooling, and long-term 

maintainability (Vyas, 2022; Rathinam, 2023). Additionally, it is the only framework out of 

three that makes use of the virtual DOM for its performance optimization. Differently, Svelte 

has a compile-time approach and minimal overhead, making it fast, lightweight, and 

accessible to developers with different skill levels (Bhardwaz and Godha, 2023; Levlin, 
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2020). Qwik, as a framework from the last generation, emphasizes resumability and efficient 

client-side performance, reducing unnecessary JavaScript execution while maintaining 

interactivity (Vepsäläinen, 2023; Devmio, 2025). 

These frameworks emphasize contrasting philosophies in frontend development, 

showcasing the change between traditional virtual DOM-based libraries to modern 

disappearing frameworks. The selection ensures that the study can evaluate advantages, 

limitations, and practical usability of different approaches.  

3.2  Design Science Research 

Design science is the philosophical study of the understanding and concepts of what is 

artificial. When combined with the word “research”, the term Design Science Research 

(DSR) appears and refers to a practice focused on problem-solving. DSR emphasizes 

understanding the problem, creating and evaluating artifacts, and later analyzing their 

behaviour from an academic and organizational standpoint to solve and improve existing 

theories (Dresch, Aline, et al. 2015). Its main goal is to create a practical answer to an actual 

issue with a scientific contribution.  

This approach supports the development of an artifact, the prototype web application built 

using the selected frameworks: React, Svelte, and Qwik, to evaluate the practical 

implementations of different frontend framework design choices. The project combines both 

practical implementation and comparative evaluation, aligning with DSR’s emphasis on 

understanding, creating, and evaluating artifacts. It reflects the idea of linking the theoretical 

framework characteristics with their practical performance and usability outcomes.  

The DSRM process comprises six core steps, as described by Jan Vom Brocke et al. (2020) 

and illustrated in Figure 2. 
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Figure 3: DSRM process (Adapted from Jan Vom Brocke, et al. (2020)) 

 

The first step involves identifying the problem and its motivation, which includes defining 

the specific research problem, explaining its relevance, and justifying its potential 

contribution to both academic and practical contexts. The required resources for this step 

include knowledge of the state of the problem and its importance.  

The second step is to identify the solution's objectives. These objectives come from the 

problem definition and existing knowledge about possible solutions. They can be 

quantitative, such as measurable improvements over current solutions, or qualitative, namely 

new capabilities or usability enhancements not previously addressed.  

The third step focuses on the artifact's actual design and development. This stage defines the 

structure, purpose, and functionality before moving on to the actual development of the 

product that involves the intended research contribution.  

After development, the next phase is the demonstration. At this point, the artifact is applied 

in a practical scenario, such as an experiment, case study, or simulation, to show how it 

addresses the problem in a practical environment. 

Following the demonstration, the artifact is evaluated based on its effectiveness and is 

assessed by comparing its performance with the previously set objectives. Based on the 

result, researchers may choose to iterate back to previous stages to improve the artifact and 

its development or proceed to final communication and leave further improvement to 

subsequent projects. 
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Lastly, communication involves presenting the results, artifacts, and findings to the relevant 

stakeholders and audience. This can include both academic communications, such as papers 

and articles, or communications to practitioners, depending on the research goals. 

Altogether, DSR provides a structured and iterative methodology that aligns with the goals 

of this study. It combines practical problem-solving with theoretical contributions by guiding 

the creation, demonstration, and evaluation of an artifact, which in this case is the prototype 

web application developed with React, Svelte, and Qwik. By following the six core practices 

of the DSRM process, this study ensures both academic and practical relevance. 

3.3  Comparison criteria 

The specific aim of the research is to analyse how each framework’s design philosophy 

impacts the performance of a system under the same circumstances. The use of these design 

philosophies is to set side by side the use of the virtual DOM, compile-time reactivity, and 

resumability. Additionally, levelling these three frameworks helps assess the importance of 

the developer experience in the process and the usability of each framework. Altogether, this 

would help identify the advantages and limitations of each in terms of scalability, 

maintainability, and efficiency.  

Kaur and Tiwari (2023) proposed parameters for evaluating frontend frameworks. First, 

there is the framework's popularity and community support, which might provide comfort 

in specific scenarios, with more available online resources, such as tutorials, documentation, 

and support forums. Secondly, the learning curve is different in each case, and it can be 

reduced with clear documentation that helps learn and get to know the tool’s features. 

Thirdly, scalability and integration capabilities with other tools and libraries are important 

to help determine the maintainability and success of the system, as increasing data, traffic, 

or complexity demands must be satisfied without sacrificing stability or performance. Lastly, 

performance is a big evaluation criterion for measuring the capacity to operate with large 

datasets and intricate user interfaces. 

For evaluating performance, Singh et. al. (2023) proposed several performance metrics. 

These metrics help measure the efficiency of the system and how it deals with data and the 

user. Among these metrics are:  
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• initial load time; 

• time to interact; 

• memory allocation and CPU utilization; 

• peak response time; 

• speed index; 

• user satisfaction. 
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4  Development 

This chapter describes the planned test application and explains how the DSRM influenced 

each step of the development process. This highlights the importance of the methodology in 

design decisions, implementation steps, and evaluation activities made on each framework. 

In addition, the chapter discusses practical considerations made during development and 

states the key limitations that frame the scope of the study. 

4.1  Application of DSR 

This chapter explains how the DSRM is applied in the development of the test application 

and comparison of the selected frontend frameworks. Each step of the DSRM process is 

taken and applied to the development in this study. 

Firstly, the problem to be addressed and its motivation is mainly understanding how modern 

frontend frameworks differ in performance, usability, and scalability while having similar 

development challenges. Because developers might be unsure when trying to select the most 

appropriate framework due to constant technological evolution and limited comparative 

data, this study aims to provide a structured and practical evaluation that showcases the 

strengths and limitations of frameworks with different philosophies and approaches, from 

different evolution phases of frontend frameworks.  

The solution in this case is to develop a comparable prototype, which here would be a notes 

app, using each framework to test the same functionalities under equal conditions. Its main 

objective is to identify how architectural choices, such as the virtual DOM, compile-time 

reactivity, and resumability, affect the user experience and the system’s performance. To 

obtain this, measurable data regarding performance and usability would be collected based 

on the evaluation parameters defined by Kaur and Tiwari (2023) and Singh et. al. (2023) 

In the design and development phase, three versions of the same notes application would be 

created, but each would be built with one of the selected frameworks. For the design of the 

app, it will include core features, such as note creation, editing, deletion, and storage of data, 

to demonstrate interactivity and state management. The design must ensure similar UI and 
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logic structures across all versions for conducting a fair comparison and obtaining fair 

results.  

To demonstrate the workability, each artifact in the React, Svelte, and Qwik implementations 

will be tested to see and analyse how it fulfils the identified requirements. Functional tests 

regarding the app's functionality will show that all apps behave consistently and meet the 

usability and performance standards.  

After ensuring that all apps work accordingly, they need to be evaluated. For this, 

performance metrics, such as load time, memory use, and time to interact, will be collected. 

Additionally, qualitative observations will be conducted on the need for and importance of 

developer experience, ease of debugging, and maintainability. The results of these analyses 

will be compared to the objectives set in the second activity to determine the outcome of 

each framework.  

Lastly, for communicating the results, the findings are summarized in the thesis, focusing on 

the design principles of the frontend frameworks and their observed behaviour in practice. 

The goal is to contribute to and add to the studies of how emerging frameworks compare to 

established ones, noting their trade-off between interactivity, performance, and 

maintainability.  

4.2  Test application design 

For practical implementation and comparison, the planned test application, the artifact, is a 

notes app implemented with React, Svelte, and Qwik. This creates a controlled environment 

for comparing the practical behaviour of each framework’s design philosophy. The 

application’s purpose is to provide a simple yet interactive layout for assessing performance, 

scalability, and usability differences among the three selected frameworks. The app shall 

allow users to create, edit, view, and delete notes, with the data stored locally in the browser 

to simulate a lightweight client-side system. The data is stored in the browser using 

localStorage as structured objects. Each note includes a unique identifier, text content, tags, 

and optional file metadata. This means the data is saved only on the user’s device and is not 

shared across different browsers or devices. This approach keeps the system simple and 

allows the study to focus only on frontend behaviour. These features are common in web 
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applications, as they encompass key principles of web applications, including searching, 

tagging, user participation, and interaction (Jazayeri, 2007). In addition to the text content, 

notes may also include optional file attachments, which increase the size and complexity of 

the application state while maintaining a client-side approach. The application supports text 

input for notes and allows users to add tags and optional file attachments. There is no strict 

limit on the number of characters, but the interface is designed for short text-based notes. 

Attached files are stored as metadata and references, and they are not processed by the 

system, as the focus of the application is on frontend interaction. Based on the note title and 

content, the app supports real-time client-side searching, tag-based filtering, and persistent 

data storage using the browser’s local storage. The search functionality uses partial 

matching, meaning that users can find notes by typing any part of the text. The results are 

displayed in the order in which the notes were created, without additional sorting. 

The application itself shares an identical structure, layout, and functionality across all three 

implementations to ensure the comparison is fair. Each version has a modular design that 

recreates a real-world SPA workflow and includes a main dashboard that displays existing 

notes, an input interface for adding new notes, and an edit mode for updating or deleting 

existing entries, as seen in Figure 4. Regarding the style and the UI components of the page, 

they remain more minimalistic to be able to be implemented in the same way across the three 

frameworks, and to emphasize technical performance metrics, such as memory usage, 

interactivity, and load time. In each of the three versions of the app, the same style code is 

reused to ensure as much similarity as possible. 
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Figure 4: Global user interface of the artifacts  

 

The notes app was chosen as the prototype for this study because it can balance simplicity 

and functionality for the test cases. It allows to test how efficiently each framework handles 

state updates, DOM manipulation, and user input, without introducing unnecessary 

complexity through features. The results from this implementation will form the final 

comparison of the frameworks’ suitability for creating modern, interactive web applications 

in terms of scalability, responsiveness, and developer experience.  

Each note is represented as a structured data object that consists of a unique identifier, title, 

text content, optional tags, and optional file metadata. File attachments are handled by 

storing metadata and object references rather than raw binary content. This way, the state 

size and interaction complexity are increased while avoiding server-side dependencies. 

Figure 5 shows the structure of the test application shared across all framework 

implementations. The application has a single root component design, with child 

components responsible for user input, note presentation, and filtering interactions. Shared 

application state is managed at the root level, while child components receive data and 

propagate changes upward through interfaces. This component structure is kept across React, 
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Svelte, and Qwik to ensure that the observed differences in the results come from 

framework-specific state management and differences. 

 

 

Figure 5: Component tree structure of the notes application 

 

All implementations of the test application were developed using the Vite build tool, which 

provides a consistent development and bundling environment across frameworks. By using 

the same build system, the differences related to the tools used are minimized, and the focus 

remains on the comparison between framework behaviour and not build configurations. 

The development of the test application follows the DSR methodology to ensure a structured 

and iterative process for obtaining the results. Each framework implementation will 

represent an artifact that needs to achieve the same functional requirements, but with 

different architectural principles. This approach ensures that both the theoretical aspects and 

practical implementation of each framework are explored before analysing their differences.  

The full source code for all framework implementations is publicly available in online 

repositories referenced at the end of the study (Appendix 1). 

The design choices aim to keep the application simple while still including enough 

functionality to evaluate interaction, performance, and usability across the selected 

frameworks. 
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5  Comparison and results 

Even though across all three frameworks, the application follows the same general layout 

and style, implementing the same functionalities (adding, searching, editing, deleting, 

tagging, attaching), and storing data using the browser’s local storage, there are multiple 

differences in behaviour that come from framework-specific features.  

5.1  Implementation differences 

Table 1 compares the differences in how the notes application was implemented across 

React, Svelte, and Qwik, focusing on architectural and implementation differences rather 

than features or performance.  

 

Table 1: Implementation differences of the application 

Criteria React Svelte Qwik 

Application structure Single root component 

(App) that defines 

layout and holds all UI 

logic. No routing is 

required. 

Single root component 

(App.svelte), where 

layout, state, and logic 

are located. No routing 

is required. 

Route-based structure 

enforced by Qwik City. 

The route component 

(routes/index.tsx) acts 

as the application route, 

with the layout 

separated 

(routes/layout.tsx). 

State and reactivity 

model 

State is managed using 

hooks (“useState”); 

updates trigger re-

renders of the 

component tree. 

State is managed using 

reactive variables 

(“let”), with the 

compiler transforming 

assignments into 

reactive updates. 

State is managed using 

signals (“useSignal”), 

allowing fine-grained 

updates without full re-

renders. 

Event handling Event handlers are plain 

JavaScript functions 

available after 

hydration. 

Event handlers are plain 

functions handled by the 

compiled output. 

Event handlers must be 

wrapped in “$()” to 

create QRLs, which 

enable serialization and 

lazy loading. 

Persistence logic Browser logic (e.g. 

localStorage) is handled 

via “useEffect”. 

Browser logic is 

handled via reactive 

execution and lifecycle 

behavior. 

Browser logic is 

handled via 

“useVisibleTask$”, 

which runs only when 

the component becomes 

visible. 

Constraints Developers are free to 

structure the application 

as desired. 

Reactivity is abstracted 

by the compiler. 

Routing is mandatory, 

event handlers must be 

serializable, and side 
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effects must be 

explicitly separated 

from rendering logic. 

 

 

Based on this comparison, the architectural patterns of each framework influence the 

application’s behaviour, as Qwik requires a routing-based structure and serialized event 

handlers, while React and Svelte allow the application to be defined around a single root 

component with fewer restrictions. 

5.2  Performance metrics 

Apart from the differences in implementation, there are contrasting results in the 

performance evaluation, shown at the end of the study in Appendix 2. All performance 

measurements were conducted on the same hardware, network, and operating system 

(Windows 11), using Google Chrome in a production-like environment. The measurement 

tool that was used to collect metrics is Lighthouse, and the results are based on five different 

runs of the application, reporting the average values to minimize variability, as seen in Table 

2. 

 

Table 2: Performance metrics of the application 

Performance metric React Svelte Qwik 

Initial load time 0.4 s 0.4 s 0.4 s 

Time to interact 1.5 s 1.4 s 1.4 s 

Memory allocation and 

CPU utilization 

13.7 MB and low 16.6 MB and low 17.9 MB and low 

Peak response time 66.53 ms 67.68 ms 89.11 ms 

Speed Index 0.4 s 0.6 s 0.5 s 

User satisfaction Very high Very high Very high 

 

 

The evaluation of the performance metrics shows that all three frameworks provide very fast 

load times and high user satisfaction. Svelte and Qwik are slightly quicker to interact, while 

React is more memory-efficient and has the best speed out of the three. The peak response 
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time was slightly higher for Qwik compared to React and Svelte, but at the scale of this 

application, it did not affect the user experience. 

5.3  Scalability and maintainability 

Scalability and maintainability are evaluated based on the architectural differences from 

Table 1 and the performance behaviours from Table 2. 

Due to its component-based structure and lack of enforced architectural rules, React allows 

for flexible application growth. However, if the number of components increases, the 

component tree also becomes larger, which may lead to unnecessary re-renders, requiring, 

for example, external state management. From a maintainability perspective, React has 

established practices and widespread familiarity, as seen in Figures 1 and 2, which would 

make the codebase easier to maintain within a team, despite the complexity of the 

components. 

On the other hand, Svelte can be scaled efficiently because it updates only the parts of the 

UI that change, which reduces unnecessary work when more features or data are added. 

Maintainability is supported by its concise syntax and compiler-driven reactivity, which 

result in shorter code and simpler logic. 

Lastly, Qwik has scalability as a principle, utilizing partial loading, signals, and a route-

based structure to minimize unnecessary computation and rendering. Maintainability is 

supported by its strict rules, explicit separation of side-effects, and serialized event handling, 

which result in an organized codebase. 

5.4  Learning curve, popularity, and community support 

All three frameworks differ in their concepts, which, for a first-time user, require learning 

each of them from the beginning, with varying amounts of resources available. For the 

comparison of the learning curve and experience, the time spent working on the UI part is 

not considered, as it was reused across the three frameworks. 

For developing the application in React, the time spent on learning the core concepts and 

writing the app was approximately 17 hours. This is because React has the largest and most 
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established ecosystem, as shown in Figures 1 and 2, with many tutorials, libraries, and 

answers available, making the learning process easier. Many problems encountered during 

development had solutions online, such as on Stack Overflow, where the large community 

support made the time spent on developing and debugging the code easier.  

Svelte has a smaller ecosystem, but it is simpler to understand because its syntax is close to 

plain HTML, CSS, and JavaScript. In this instance, this reduced the learning curve, and the 

total time spent was close to 12 hours. Even if it had fewer resources available than React, 

the medium-sized community and simpler syntax made the development faster and easier to 

manage.  

Qwik has the smallest ecosystem and the lowest adoption, as seen from Figures 1 and 2, 

reflecting its being still new as a framework. In practice, the learning curve was the longest, 

as concepts such as signals, partial hydration, and QRLs were completely unfamiliar to a 

first-time user. Approximately closer to 25 hours were required for understanding the 

principles and working on the development. Because it has limited resources and a smaller 

community, most of the learning was spent understanding documentation and rules, which 

makes this framework quite hard to master for a new developer. 
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6. Conclusions 

This study aims to compare React, Svelte, and Qwik in terms of differences in 

implementation, performance, scalability, maintainability, and learning curve, following the 

Design Science Research Methodology. The research gap found is in comparative studies 

that analyse the behaviour of similar frameworks, and do not compare newer frameworks 

against older, established ones. The objective was achieved by building functionally 

identical artifacts across the frameworks, which were the notes application, and analysing 

both qualitative and quantitative aspects. For the building of the artifacts, to ensure a fair 

comparison, the same UI, features, and local storage were used.  

Key findings of the test results showed that all three frameworks delivered fast load times, 

quick interaction, and high user satisfaction for this small-sized application. Comparing the 

three, React showed slightly better memory efficiency and speed index, while Svelte and 

Qwik reached faster interaction times.  

Regarding their architectural differences, they influenced the development experience more 

than the actual performance. React is flexible and has a big ecosystem and community 

support, which helped learning and working with it. Svelte, although focused on compiler-

driven reactivity with a medium-sized community, had the least development time because 

of its simple syntax and logic, which is close to the core web development tools: HTML, 

CSS, and JavaScript. Different from them, Qwik is designed for scalability through partial 

loading, signals, and strict separation, which, as new concepts in a small ecosystem, resulted 

in the steepest learning curve. 

As the final phase of the DSRM, this research contributes to existing studies with a practical 

comparison of modern frontend frameworks using a real-world application. It highlights how 

architectural principles and constraints affect scalability and maintainability, as well as how 

they impact developer experience. Additionally, it can be considered a practical guide for 

beginner developers when choosing a frontend framework to work with. 

The study is also relevant for the industry as it emphasizes the importance of learning 

resources and community support when trying to master a new framework. It also provides 

a better understanding of the three frameworks’ trade-offs, which can support informed 

decisions in the industry. 
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The study is limited by only one type of application to, which does not represent all existing 

project types. It is a small-scale application, and conclusions regarding performance are 

made based on a simplified use case rather than a heavy, production-scale application. This 

means that larger systems with complex state management could behave differently under 

the same conditions. Also, the evaluation of usability and performance is limited to one user 

tester who did not have any experience with the selected frameworks until the study. This 

means that for a developer with more expertise, the same application could be developed 

differently, and results regarding usability, learning curve, and developer experience might 

be different. Lastly, regarding technicalities, the backend performance is not analysed in the 

comparison, and for each phase, the developer is limited to the resources and documentation 

available online.  

For future research, the frameworks can be evaluated using larger and more complex 

applications, which can investigate the accessibility, testing, and deployment in such 

scenarios. Maintainability and scalability can also be studied in team environments that 

include multiple developers with different backgrounds and levels.  

 

 

 

 

 

 

 

 

 

 

 

 

 



32 

 

 

References 

Bhardwaz, S. and Godha, R. (2023) Svelte.js: The Most Loved Framework Today. 2023 

2nd International Conference for Innovation in Technology (INOCON), pp. 1–7. Available 

at DOI:10.1109/inocon57975.2023.10101104. Accessed: 20 October 2025. 

Deirdre, B. (2007) ‘So What Are Requirements?’, Dr. Dobb’s Journal, 32(9), p. 20. 

Accessed: 25 November 2025. 

Devmio - Software Know-How (2025) Qwik’s Magic Is Not in How Fast It Executes, but 

How Good It Is in Avoiding Doing Any Work. Available at: 

https://devm.io/javascript/qwik-javascript-hevery. Accessed: 10 October 2025. 

Dresch, A. et al. (2015) Design Science Research: A Method for Science and Technology 

Advancement. Cham: Springer. Available at DOI:10.1007/978-3-319-07374-3_4. 

Accessed: 20 October 2025. 

Fariz, M., Lazuardy, S. and Anggraini, D. (2022) ‘Modern Front End Web Architectures 

with React.Js and Next.Js’, International Research Journal of Advanced Engineering and 

Science, 7(1), pp. 132–141. Available at: https://irjaes.com/wp-

content/uploads/2022/02/IRJAES-V7N1P162Y22.pdf. Accessed: 20 October 2025.. 

Hevery, M. (2021) Your bundler is doing it wrong. Available at: 

https://dev.to/builderio/your-bundler-is-doing-it-wrong-ic0. Accessed: 10 October 2025. 

Jazayeri, M. (2007) ‘Some Trends in Web Application Development’, in Future of 

Software Engineering 2007 (FOSE 2007). IEEE, pp. 199–213. Available at 

DOI:10.1109/FOSE.2007.26. https://irjaes.com/wp-content/uploads/2022/02/IRJAES-

V7N1P162Y22.pdf. Accessed: 25 November 2025.  

Kaur, G. and Tiwari, R.G. (2023) ‘Comparison and Analysis of Popular Frontend 

Frameworks and Libraries: An Evaluation of Parameters for Frontend Web Development’, 

in 2023 International Conference on Disruptive Technologies (ICDT), pp. 531–535. 

Available at DOI:10.1109/icdt57929.2023.10150911. Accessed: 8 October 2025. 

https://devm.io/javascript/qwik-javascript-hevery
https://irjaes.com/wp-content/uploads/2022/02/IRJAES-V7N1P162Y22.pdf
https://irjaes.com/wp-content/uploads/2022/02/IRJAES-V7N1P162Y22.pdf
https://dev.to/builderio/your-bundler-is-doing-it-wrong-ic0
https://irjaes.com/wp-content/uploads/2022/02/IRJAES-V7N1P162Y22.pdf
https://irjaes.com/wp-content/uploads/2022/02/IRJAES-V7N1P162Y22.pdf


33 

 

 

Levlin, M. (2020) DOM Benchmark Comparison of the Front-End JavaScript Frameworks 

React, Angular, Vue, and Svelte. Master’s thesis, Åbo Akademi University. Available at: 

https://doria.fi/handle/10024/1774 Accessed: 5 October 2025. 

NikiTricky (2021) Random Paragraphs. Kaggle. Available at: 

https://www.kaggle.com/datasets/nikitricky/random-paragraphs. Accessed: 9 January 

2026. 

Rathinam, S. (2023) ‘Analysis and Comparison of Different Frontend Frameworks’, 

Applications and Techniques in Information Security, 1804, pp. 243–257. Available at 

DOI:10.1007/978-981-99-2264-2_19. Accessed: 5 October 2025. 

Rich Harris (2018) Virtual DOM Is Pure Overhead. Available at: 

https://svelte.dev/blog/virtual-dom-is-pure-overhead. Accessed: 19 October 2025. 

Serafin, P. (2024) ‘Modern Web Technology – Frameworks, Advantages, Disadvantages 

and Optimal Applications’, in Computer Science and Mathematical Modelling, 19, pp. 25–

34. Available at DOI:10.5604/01.3001.0055.0854. Accessed: 6 October 2025. 

Singh, P. et al. (2023) ‘A Comparative Analysis of Modern Frontend Frameworks for 

Building Large-Scale Web Applications’, in 2023 International Conference on Disruptive 

Technologies (ICDT), pp. 531–535. Available at DOI:10.1109/icdt57929.2023.10150911. 

Accessed: 9 October 2025 

Stack Overflow (2024) Web frameworks and technologies. Available at: 

https://survey.stackoverflow.co/2024/technology#2-web-frameworks-and-technologies 

Accessed: 2 October 2025. 

State of JS (2024) State of JavaScript 2024: Front-End Frameworks. Available at: 

https://2024.stateofjs.com/en-US/libraries/front-end-frameworks/. Accessed: 19 October 

2025. 

Tripon, T., Gabor, G.A. and Moisi, E.V. (2021) ‘Angular and Svelte Frameworks: A 

Comparative Analysis’, in 2021 16th International Conference on Engineering of Modern 

Electric Systems (EMES). Available at DOI:10.1109/emes52337.2021.9484119. Accessed: 

18 October 2025 

https://doria.fi/handle/10024/1774
https://www.kaggle.com/datasets/nikitricky/random-paragraphs
https://svelte.dev/blog/virtual-dom-is-pure-overhead
https://2024.stateofjs.com/en-US/libraries/front-end-frameworks/


34 

 

 

Usmani, A.A. (2023) Guidelines for Selection of Web Designing Tool & Framework for 

Web Front-End Application. Master’s programme, Tampere University. Available at: 

https://trepo.tuni.fi/bitstream/handle/10024/152993/UsmaniAsbah.pdf. Accessed: 4 

October 2025. 

Vepsäläinen, J. (2023) Disappearing Frameworks Explained. Available at: 

https://arxiv.org/pdf/2309.03201. Accessed: 5 October 2025. 

Vepsäläinen, J., Hellas, A. and Vuorimaa, P. (2023) ‘The Rise of Disappearing 

Frameworks in Web Development’, in Web Engineering (ICWE 2023). Springer. Available 

at DOI:10.1007/978-3-031-34444-2_23. Accessed: 5 October 2025 

Vyas, R. (2022) ‘Comparative Analysis on Front-End Frameworks for Web Applications’, 

International Journal for Research in Applied Science and Engineering Technology, 10(7), 

pp. 298–307. Available at DOI:10.22214/ijraset.2022.452. Accessed: 10 October 2025 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://trepo.tuni.fi/bitstream/handle/10024/152993/UsmaniAsbah.pdf
https://arxiv.org/pdf/2309.03201


35 

 

 

Appendix 1: Source code repositories 

The complete implementation of the test application used in this study is available at: 

React: https://github.com/danabananaunu/React-notes-app.git  

Svelte: https://github.com/danabananaunu/Svelte-notes-app.git 

Qwik: https://github.com/danabananaunu/Qwik-notes-app.git 
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https://github.com/danabananaunu/Svelte-notes-app.git
https://github.com/danabananaunu/Qwik-notes-app.git
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Appendix 2: Performance testing and results 

The content used in the notes is from the dataset: “Random Paragraphs” by NikiTricky.  

In each test case of each app, something new is added to the previously run version, 

incrementally. 

In total, each version has ~22 tags to make them as similar as possible. 

Memory allocation is calculated based on a heap snapshot with no filtering, searching, or 

other actions. 

The peak response time is evaluated in each app based on a ~30s recording with actions: 

filtering, editing notes, searching. 

Test cases used in each app:  

• First run: nothing/ empty app. 

• Second run: 10 notes; each of which has 1-2 tags; the content is around 100 characters 

for each note. 

• Third run: 20 notes; each has 1-5 tags; the content is between 100-500 characters; 

tag filtering and search run before performance review. 

• Fourth run: 20 notes; the content is between 100-500 characters; 10 notes have an 

attached image; 10 initial notes were deleted; 10 notes were edited. 

• Fifth run: 20 notes; the content is between 200-1000 characters; 10 notes have 5 

attached images; active filtering during testing. 

 



37 

 

 

Figure 6: React Lighthouse performance score – first run 

 

  

Figure 7: React Lighthouse performance score – second run 

 



38 

 

 

 

Figure 8: React Lighthouse performance score - third run 

 

 

Figure 9: React Lighthouse performance score – fourth run 

 

 

Figure 10: React Lighthouse performance score – fifth run 
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Figure 11: React performance score – memory allocation 

 

 

Figure 12: React performance score – peak response time 
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Figure 13: Svelte Lighthouse performance score – first run 

 

 

Figure 14: Svelte Lighthouse performance score – second run 

 

 

Figure 15: Svelte Lighthouse performance score – third run 
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Figure 16: Svelte Lighthouse performance score – fourth run 

 

 

Figure 17: Svelte Lighthouse performance score – fifth run 
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Figure 18: Svelte performance score – memory allocation 

 

Figure 19: Svelte performance score – peak response time 
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Figure 20: Qwik Lighthouse performance score – first run 

 

 

Figure 21: Qwik Lighthouse performance score – second run 
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Figure 22: Qwik Lighthouse performance score – third run 

 

 

Figure 23: Qwik Lighthouse performance score – fourth run 

 

 

Figure 24: Qwik Lighthouse performance score – fifth run 
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Figure 25: Qwik performance score – memory allocation 

 

 

Figure 26: Qwik performance score – peak response time 
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