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As the digital landscape evolves, the development of web front-end applications demands a judi-
cious selection of web designing tools and web development frameworks. The continuous trans-
formation of technologies, user expectations, and industry standards underscores the critical im-
portance of selecting appropriate tools to navigate the complexities of web development. This
research endeavours to close the divide between theoretical concepts and real-world application,
providing a structured approach for developers and decision-makers manoeuvring through the
complexities of web front-end development.

The purpose of this thesis work is to propose a strategy that can help in the selection process
of web designing tools and development frameworks for web front-end application. The decision-
making process is recognized as a pivotal element that holds the potential to substantially influ-
ence development efficiency, end-user experience, and overall project success. By meticulously
aligning project goals with the unique strengths of each tool and framework, developers can craft
and deliver innovative, user-centric web applications.

To accomplish this objective, this thesis answers the questions on which methodology should
be adopted in choosing a web designing tool for web front-end applications and what considera-
tions are crucial when selecting a development framework for web front-end applications. To
show the usefulness of proposed approach, it was used in the selection of web design tools and
development frameworks for a front-end application named Matchmaking Graphical User Inter-
face (MM GUI) application. For MM GUI application, wireframes and prototypes are created as
initial design and then final web application was developed.

The result of this thesis work includes guidelines for selection of web designing tools, JavaS-

cript frameworks and implementation of MM GUI application using proposed guidelines.
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1. Introduction

Web front-end applications are an integral part of modern-day web development. These
applications are also known as a client-side application because it is a type of software
program that runs on the user's device such as a mobile app, web browser, or desktop
application. Web front-end applications interact with the user directly, often using a
graphical user interface (GUI). These applications are designed to perform specific tasks.

The process of developing a web front-end application involves different stages
which includes careful planning, designing, development, testing, and ongoing mainte-
nance to ensure that the application delivers the desired user experience and meets the
user requirements. It also requires selection of tools and technologies to complete these
stages successfully. It is important to invest proper time on selection of tools and technol-
ogies required for web front-end application.

The designing of an application is a creative process, and it demands experimenting
with different designs and layouts until you find out the best design for your application.
The designing stage of a web front-end application is essential for creating a positive user
experience, ensuring accessibility, and building a scalable and adaptable website. There
are variety of designing tools, selecting a design tool for a web application can be over-
whelming, as there are many options available, but it is important to make a right choice
to avoid any complexities.

After getting the designs of a web front-end application, the next stage is development
of web front-end application. The front-end code of the application is developed by uti-
lizing the chosen programming language and framework. There are several programming
languages that can be used for web front-end development. JavaScript is the most popular
language for web front-end development, but there are several other programming lan-
guages that can be used as well.

For the coding of web front-end application, there are wide range of JavaScript librar-
ies and frameworks available which are used by developers because they offer several
benefits that make it easier and faster to build complex web applications. These frame-
works solved many problems of developers, at the same time choosing the appropriate
technology stack for your front-end application can be a daunting task, but it's essential
to ensure that your project is successful. There is no rule of thumb for the selection of
these frameworks, and this makes it confusing for the developer.

D'Souza et al. [1] in their article “Enabling the Generation of Web Applications from
Mockups.” states the importance of mockups in elicitation and validation of requirements
for web application. This research work addresses the limitation by presenting a method
that extracts the database schema and logic of web applications from the information em-

bedded within mockups. Specifically, the method analyzes the structure and relationships



of widgets in the mockup to gather insights on organizing data and controlling the flow
of the web application. The proposed method serves as the foundation for a tool support-
ing the generation of web applications adhering to the model-view-controller architectural
pattern. The effectiveness of the tool has been evaluated through the involvement of sev-
eral end users in the development of web applications across diverse domains.

Maurya et al. [2] in their article introduces an innovative approach for rapidly gener-
ating and validating interactive product behaviors during the early stages of design. Tra-
ditional methods often involve consideration of spatial, behavioral, and tangible elements,
with functional prototyping performed later in the design process. However, outcomes
are influenced by factors such as designer familiarity with tools, prototype fidelity, and
design iteration frequency, limiting thorough exploration and creativity in the early
stages. This research addresses these limitations by employing Mixed Reality for concept
generation, establishing tool requirements, and presenting a proof-of-concept use case.
Despite challenges related to tool familiarity, the study demonstrated a substantial in-
crease in the use of iterative concept design behavior.

There has been some work done for evaluation of JavaScript frameworks and librar-
ies. Gizas et al. [3] performed comparative evaluation on different JavaScript frame-
works. For evaluation, authors defined some common functions such as Asynchronous
JavaScript and XML (AJAX), Document Object Model (DOM) manipulation, loading
utilities, and functions for event handling. In this work, authors also performed quality
and validation tests. Graziotin and Abrahamsson [4] performed a qualitative study with
experienced web developers to make a model for the comparison of JavaScript frame-
works. This model suggests three criteria: documentation, community, and the pragmatics
of a JavaScript framework. In another study [5], different factors and responsible actors
are discussed which can lead to the adoption of JavaScript frameworks.

Stefi [6] investigated what motivates developers to adopt software components. Stefi
assembled 142 answers from software developers. The results show that performance ex-
pectancy, the not-invented-here bias, and social influence are key factors in the adoption
of software components.

Zhang and Chung [7] stated in their article that web development can be very com-
plicated without an appropriate architecture, framework, and application model. They
proposed a mockup-driven fast prototyping methodology (MODFM) for the development
of Web applications.

To conclude the examination of relevant literature, these research works provide a
foundation for this thesis work and highlight the importance of web designing and web
development frameworks. There was not much work done on the approach to be consid-
ered while selecting a web designing tool and development framework. There is a need

to establish comprehensive guidelines to ensure that development teams make informed



decisions aligned with project requirements, industry standards, and long-term sustaina-
bility. Research in this domain is necessary to bridge the existing gap between theoretical
guidelines and practical outcomes. By conducting research on this topic, the development
community can gain a deeper understanding of the decision-making dynamics. This re-
search is crucial for empowering developers and decision-makers to navigate the ever-
evolving landscape of web front-end development with confidence and strategic fore-
sight.

In this thesis work, these are the research questions to be answered:

e What approach to follow for the selection of web designing tool for web front-end

application?

e What factors to consider during selection of a development framework for web

front-end application?

This thesis work centers around the design and development stages of web front-end
application. The designing stage is very critical and helps in visualizing the results before
starting the development work. It helps in restructuring or debugging in the early stage of
project and saves time, money, and effort. Therefore, this thesis work will focus on soft-
ware designing tools and methods used for web front-end application, and it will investi-
gate different parameters and aspects to consider for the selection of software designing
tools. This investigation will provide an approach for selection of suitable design tools
for web front-end application. The other focus area is to find the best ways which will
help developer in the selection of technology stack for the development of web front-end
application. This thesis focuses on exploring the ways which will help the developer in
the selection of standard and stable technologies for the development of web front-end
application.

For this thesis, descriptive and analytic research was conducted to formulate the
guidelines for selection of web designing tools and JavaScript frameworks in section 3
and 4 respectively. To recognize and analyse factors that affect the web designing and
development, a study was conducted on some relevant work which addressed require-
ments, architecture, resources, types of web designs and types of web applications. More-
over, the analytical approach was used to explore several web designing tools and devel-
opment frameworks and their strengths and weaknesses were highlighted. This helped in
understanding solutions which these tools and technologies can provide to web applica-
tions. These solutions helped in formulating a strategy for selection of design tools and
development frameworks.

In chapter 5, a descriptive method has been performed to show the usefulness of
proposed approach. This proposed approach is applied for the implementation of a real-

world project named Matchmaking Graphical User Interface (MM GUI) application. This



provides a qualitative understanding of how proposed approach can be practically imple-
mented. This section explains the project, the selection criteria used, the tools and frame-
works chosen, and the outcomes. The completion of project without any complexities and
results obtained after using this approach show the usefulness of the proposed approach

on a web front-end application.



2. Background

This thesis work is formulated around the selection of web designing tools and develop-
ment framework used for the web front-end applications. In this chapter, important con-
cepts web front-end application will be considered in detail such as web designing, Ja-

vaScript, and JavaScript Ul frameworks.

2.1. Web Front-end Application

Web front-end application also known as client-side applications are designed to provide
an interactive user experience and enable users to perform various actions, such as sub-
mitting forms, inputting data, and navigating through different pages of a website. Some
examples of client-side applications include social media platforms, web-based email cli-
ents, online banking systems, and e-commerce websites. These applications are essential
for delivering a smooth and intriguing user experience on the web and have become a
fundamental part of modern-day web development [§].

The web applications are in trend, and it is understandable because of various ad-
vantages [9]. Web front-end applications can be accessed from anywhere in the world.
User needs only an internet connection and a web browser. Generally, there is no need
for installation. This makes them ideal for businesses that want to reach a global audience
or offer remote services. Web front-end applications are popular with software developers
and businesses because they can be maintained, updated, and developed remotely without
any need to install (or reinstall) them. The development and deployment of these appli-
cations is not dependent on the operating system of users’ computers. There is no need to
create separate versions of applications for Microsoft Windows, GNU/Linux, OS X, and
other operating systems. These applications can be developed and deployed quickly and
efficiently, reducing the time and cost associated with traditional software development.
These applications enable developers to leverage the latest technologies and design trends
to create innovative and engaging user experiences. These applications are scalable, and
this helps in meeting the changing needs of the business or user base. Nowadays, people
are familiar with the use of browser and browser terminologies such as forward, back,
home, bookmarks, submit buttons, and so forth. With this knowledge, many barriers are
reduced for the web application user. This results in widespread adoption of web appli-
cations.

In this section, architecture and different types of web front-end application will be

discussed.



2.1.1. Architecture

Web application architecture refers to the structure, design, and organization of compo-
nents that make up a web application. It encompasses various aspects, including the in-
teractions between different layers, the technologies used, and the overall system's per-
formance, scalability, and maintainability.

Identification of different types of architecture for web front-end applications helps
in making informed decisions that impact the long-term success, performance, maintain-
ability, and user experience of application. It's a foundational step that sets the direction
for development process and ensures that front-end aligns with overall project goals.
There are several types of architectures for web front-end applications, each with its own
advantages and use cases. Some of them are discussed in detail below:

e Model View Controller (MVC) Architecture:

In MVC, application is divided into three distinct components: the Model, the View,
and the Controller. This separation helps in maintaining a clear and organized codebase,
making it easier to manage and update the application over time [10]. MVC is widely
used in web development, including front-end and backend frameworks.

The Model embodies both the data and business logic of the application, taking on
responsibilities such as state management, data retrieval and storage, validation, and en-
forcement of business rules. The Model component actively responds to requests from
the Controller to update or retrieve data.

The View assumes the role of rendering the user interface and showcasing data to the
user. It receives data from the Model and formats it in a manner that is both comprehen-
sible and visually pleasing. View is primarily focused on the presentation of data rather
than its acquisition or modification. Views can include HTML templates, CSS styles, and
sometimes a bit of conditional logic for rendering dynamic content. Each View corre-
sponds to a specific part of the user interface, such as a page, a widget, or a component.

Serving as a mediator between the Model and the View, the Controller receives user
input from the View, processes it, collaborates with the Model to update or retrieve data,
and subsequently ensures the corresponding adjustments in the View. The Controller
bears the responsibility of managing user interactions, making decisions based on input,
and overseeing the seamless flow of data between the Model and the View.

e Flux Architecture:

Flux is an architectural pattern used for managing the flow of data in web applica-
tions, particularly in front-end development. It was introduced by Facebook to address
the challenges of managing complex state and data flow in applications built with the
React framework [11]. Flux enforces a unidirectional data flow. The key concepts of Flux

are actions, dispatcher, stores, and views.



Actions represent events or user interactions that occur in the application. They are
simple objects that describe what happened. An action typically includes a type and ad-
ditional data (payload) relevant to the event. For example, an action might represent a
user clicking a button or submitting a form.

The Dispatcher is the central hub that receives actions and dispatches them to regis-
tered stores. It ensures that actions are processed in a consistent order and avoids race
conditions in state updates. Actions flow through the Dispatcher to reach the appropriate
stores.

Stores hold the application's state and business logic. They respond to dispatched ac-
tions and determine how the state should be updated. Stores are responsible for maintain-
ing their own data and notifying views when the state changes. Each store typically man-
ages a specific domain of data.

Views are responsible for rendering the user interface based on the data provided by
the stores. When a store's data changes, views are notified and re-rendered accordingly.
Views do not directly modify the state; they send actions to the Dispatcher to request
changes.

e Redux Architecture:

Redux serves as a state management library tailored for JavaScript applications.
While it is frequently employed in conjunction with frameworks such as React, it is also
adaptable to other view libraries. Drawing inspiration from the Flux architecture, Redux
is crafted to handle an application's state in a centralized and predictable fashion. The key
concepts of Redux are store, actions, reducers, dispatch, and selectors [12].

At the core of Redux lies the store, serving as the repository for the entire state tree
of your application. In Redux, the state mirrors the current data and Ul state of your app.
The store, a straightforward JavaScript object, encompasses the complete state of the ap-
plication and is strictly read-only. Modifications can only occur through dispatched ac-
tions.

Actions, in the context of Redux, are simple JavaScript objects delineating events or
user interactions that prompt changes in the application's state. Each action necessitates a
type property, specifying the nature of the action. Additional information, referred to as
the "payload," can be included to provide context for the action.

Reducers, as pure functions, have the role of specifying how the state undergoes
changes in response to actions. When provided with the current state and an action as
input, a reducer produces a new state. It's crucial to note that the existing state should
remain unaltered, and instead, a new state object should be created. Redux employs these

reducers to aggregate changes and update the state of the store.



The act of dispatching an action involves sending that action to the store. Utilizing
the store's dispatch method, an action is passed as an argument, subsequently reaching
the reducers. The reducers then ascertain how the state should be updated based on the
type and payload of the action.

Selectors are functions that extract specific pieces of data from the state. They help
in isolating the component from the actual structure of the state tree. By using selectors,
components can access the required data without needing to know the entire state struc-

ture.

2.1.2. Types of Web Front-end Application

There are several types of web front-end applications based on their purpose and func-
tionality. Different types of front-end applications have varying requirements and char-
acteristics. Identifying the type of application helps in selecting the most appropriate
tools, technologies, and frameworks that best suit those requirements. This ensures effi-
cient development and optimal performance. Some common types of web applications
are discussed here. For example, Single-Page Application (SPA), Multi-Page Application
(MPA) etc.

SPAs are web applications that load and manipulate all the necessary content on a
single web page, without requiring full page reloads during user interactions [13]. SPAs
often utilize JavaScript frameworks such as Angular, React, or Vue.js to handle the ren-
dering and data manipulation on the client-side. SPAs provide a seamless user experience
as they don't require full-page reloads during navigation.

Unlike SPAs, Multi-Page Applications consist of multiple separate web pages. Each
page represents a different section or functionality of the application. Navigation between
pages typically involves full page reloads. MPAs are suitable for simpler applications or
situations where search engine optimization (SEO) is a high priority. SEO is the practice
of optimizing online content and websites to improve their visibility and ranking on
search engine results pages (SERPs).

Server-Side Rendered Application (SSR) renders the web pages on the server and
sends pre-rendered HTML to the client. This approach combines the benefits of server-
side processing and dynamic client-side interactivity. SSR is useful for applications that
require search engine visibility and initial page load speed, as the server provides the pre-
rendered HTML.

Static websites are simple web applications that consist of static HTML, CSS, and
JavaScript files. They are typically used for informational websites, blogs, and portfolios
where the content doesn't change frequently. Static websites help user to find helpful in-
formation efficiently. Thus, the website has a general system structure. It usually contains

Contact, About us, Home, and other information pages [14]. Static websites are easy to



develop and deploy as they don't require server-side processing or complex backend in-
frastructure.

Dynamic websites generate HTML content dynamically based on user requests and
interactions. They use server-side programming languages such as PHP, Ruby, or Python,
combined with client-side technologies like JavaScript and CSS. Dynamic websites often
retrieve data from databases or APIs and can provide personalized content to users.

Progressive Web Applications (PWAs) provide users an app-like experience. PWAs
are the intersection between a mobile app user experience and a web interaction [15].
These applications are accessible through a web browser but can also be installed on the
user's device like a native mobile app. PW As offer offline capabilities, push notifications,
and can be added to the home screen, providing an immersive and responsive user expe-
rience.

A summary of advantages and disadvantages of different types of web applications
are listed below in Table 2.1:

Table 2.1 Advantages and Disadvantages of different types of web applications

Types of Web Applica- | Advantages Disadvantages

tion

SPA Enhanced user experience | Slower initial loading
Faster navigation SEO challenges

Rich interactivity
MPA SEO friendly Slower navigation
Better compatibility with | Code Duplication

older browsers Higher resource consump-
tion
SSR SEO friendly Development complexities
Faster initial loading Limited interactivity
Caching challenges
Static Website Fast loading Limited interactivity
Cost effective Maintenance challenges
Scaling
Dynamic Website Rich interactivity Development complexities
Flexibility Can be slower
PWA Offline access Limited browser support

App-like experience Learning curve




-10-

2.2. Web Designing

Web designing is important stage for web front-end applications because it directly influ-
ences user experience, navigation, usability, and performance of application. A well-de-
signed front-end can contribute to the achievement of project goals.

The process of web design involves the creation and design of the visual layout, user
interface, and overall aesthetic of websites. It is a comprehensive field that encompasses
both artistic and technical aspects in crafting a website. Web designers must consider
factors such as accessibility, branding, user interface (UI), responsive design principles,
and user experience (UX) to achieve success in their web design endeavors.

In web designing, there are some key components such as layout, color schemes, and
so on. Color has a significant impact on how users perceive and interact with a website.
A well-chosen color scheme can create a visually appealing and harmonious design that
engages users and makes a positive first impression. It is important to choose an appro-
priate color palette that creates visual harmony and enhances the overall user experience.
Colors evoke specific emotions and associations. By strategically selecting colors, web
designers can create an emotional connection with users and elicit desired responses. The
choice of colors affects the readability of text and content on a website. The right color
contrast between text and background is crucial for ensuring legibility and accessibility
for all users, including those with visual impairments [16].

Colors can be used to establish a visual hierarchy, guiding users' attention to key ele-
ments or important information on a web page. By using color contrast and intensity,
designers can create emphasis and help users navigate through the content more easily.
Colors can have cultural associations and symbolic meanings that vary across different
regions and contexts. Understanding the cultural and psychological impact of colors is
important for designing websites that resonate with the target audience. It's also crucial
to ensure sufficient color contrast for accessibility and legibility, and to test the color
scheme across various devices and screens to ensure a consistent experience for all users.

Layout is a fundamental aspect of web designing and holds significant importance
and it includes determining the arrangement and placement of various elements on the
web page, including headers, content sections, sidebars, navigation menus, and footers
[17]. The layout provides the structure and organization of a web page, determining how
different elements are arranged and positioned. It helps users understand the hierarchy of
information. A well-designed layout enhances the user experience by guiding users
through the content in a logical and intuitive manner. It ensures that the most important
information is prominently displayed and easily accessible, reducing user frustration and
increasing engagement. The layout contributes to the visual appeal and overall aesthetics
of a website. A visually pleasing and balanced layout can create a positive first impres-

sion.
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Responsive design has become crucial because of increasing use of various devices
and screen sizes. A well-designed layout ensures that the website adapts and maintains
its usability and visual appeal across different devices, providing a consistent experience
for users [18]. The layout helps to prioritize and highlight key content. By carefully con-
sidering the placement and size of elements, designers can draw attention to important
information, call-to-action buttons, or multimedia content, guiding users towards desired
actions or conversions. The layout influences the readability of content. Clear visual hi-
erarchy and grouping of related content help users quickly scan and find relevant infor-
mation. Layout can be tested across different devices and conducting usability testing can
help identify areas for improvement and ensure a user-friendly experience.

The primary purpose of typography is to ensure that the text on a website is readable
and legible. A well-chosen and properly formatted typography enhances the user experi-
ence by making the content easy to read and comprehend. It includes choosing suitable
font styles, sizes, and line spacing to enhance readability on various devices and screen
sizes. It is essential to choose fonts that are legible for users with visual impairments or
reading difficulties [16].

User Experience (UX) design specifies the process of enhancing user satisfaction and
overall usability by improving the interaction between users and a product or service. It
involves designing and optimizing the entire user journey, from the initial discovery and
use of a product to the post-interaction experience [19]. UX design focuses on users'
needs, goals, behaviors, and emotions to create products that meet their expectations and
provide a positive experience. The objective of UX design is to ensure that the product or
service is effective, efficient, enjoyable, and valuable to the users. For UX designs, it is
required to conduct research to gain insights into the target users, their behaviors, needs,
and pain points. This can involve methods such as user interviews, surveys, usability test-
ing, and analytics. Usability Testing helps in improving UX design, it evaluates the usa-
bility of a product or service by testing it with representative users [20]. It helps identify
issues and gather feedback to make iterative improvements. It ensures that the product or
service is accessible to users with disabilities, allowing them to interact and engage with
it effectively. UX design is an iterative process, where designs are continuously tested,
refined, and improved based on user feedback and data analysis.

By focusing on user needs and providing a seamless and enjoyable experience, UX
design aims to increase user satisfaction, engagement, and loyalty. It is applicable to var-
ious digital products and services, including websites, mobile apps, software applications,
and interactive systems.

Ul design, short for User Interface design, refers to the process of designing the visual
elements, layout, and interactive components of a digital product or application. It in-

volves designing the interface elements, including buttons, forms, input fields,
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dropdowns, and other interactive components, to ensure easy and efficient user interac-
tions.

UI designers often work with design systems and create Ul guidelines to maintain
consistency throughout the product or application. Design systems establish a set of re-
usable components, styles, and guidelines that ensure a consistent and cohesive user in-
terface. Ul designers, UX designers, and developers collaborate closely to ensure that the
visual and interactive elements align with user needs, usability principles, and technical
feasibility [21].

2.3. JavaScript
JavaScript is a powerful and versatile language that offers a wide range of capabilities for
building interactive, dynamic, and engaging front-end applications. Its popularity, exten-
sive ecosystem, and continuous development make it a compelling choice for modern
web development.

JavaScript is primarily a client-side programming language, meaning it runs on the
user's web browser rather than on the web server. This allows it to interact with the HTML
and CSS of a webpage, making it possible to create interactive elements and modify the
page content dynamically [22]. JavaScript has a C-like syntax and supports a wide range
of programming features, including variables, data types (such as numbers, strings, ar-
rays, and objects), functions, conditionals (if/else statements), loops (for and while loops),
and more.

One of the most common uses of JavaScript is manipulating the Document Object
Model (DOM) of a webpage. The DOM represents the structure of an HTML document,
and JavaScript allows you to access and modify its elements, attributes, and styles. This
enables you to dynamically update the content and appearance of a webpage based on
user actions or other events.

JavaScript provides the ability to handle events triggered by user interactions, such
as mouse clicks, keyboard input, form submissions, and more. You can attach event lis-
teners to specific elements on a webpage and define functions that will be executed when
the events occur. JavaScript enables asynchronous communication with servers through
techniques like Asynchronous JavaScript and XML (AJAX). It allows you to retrieve data
from a server and update parts of a webpage without having to reload the entire page.
Additionally, JavaScript can interact with various web APIs, such as the Document Ob-
ject Model API, Web Storage API, Geolocation API, and others, to access browser func-
tionality and external services.

JavaScript offers a variety of frameworks and libraries that broaden its capabilities

and simplify web development. Some popular frameworks include Vue.js, React.js, and
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Angular.js, which provide tools for building complex user interfaces and managing ap-
plication state. Libraries like jQuery, lodash, and Axios offer utilities and abstractions to
streamline common tasks.

While JavaScript is mainly associated with client-side development, it has also gained
popularity for server-side development because of Node.js. It is a runtime environment
that lets JavaScript to run on the server, enabling full-stack JavaScript development. With
Node.js, developers can use JavaScript to build web applications on both the client and

server sides.

2.4. JavaScript UI Frameworks

JavaScript UI frameworks are libraries or sets of tools that provide developers with the
necessary components and functionality to build user interfaces for web applications.
These frameworks streamline the process of creating interactive and responsive web in-
terfaces by offering pre-built components, data binding, event handling, and other fea-
tures.

JavaScript UI frameworks offer pre-built components, libraries, and tools that help in
streamlining the development process. They offer a set of reusable and customizable Ul
elements, such as buttons, forms, icons, and grids, saving developers time and effort in
creating these components from scratch [23].

JavaScript Ul frameworks often handle browser compatibility issues by abstracting
away the differences between browsers and providing consistent behavior across various
platforms and devices. This allows developers to work on developing the application
logic without concerning about browser-specific quirks. Modern web applications require
responsive and interactive user interfaces. Ul frameworks offer built-in features for han-
dling user interactions, such as handling events, managing state, and updating the UI ef-
ficiently. They provide mechanisms for data binding, which ensures that changes in the
underlying data automatically reflect in the UI, making it easier to create dynamic and
reactive interfaces.

Component-based architecture is common in many JavaScript UI frameworks, where
the user interface is divided into modular and reusable components. Components enclose
their own structure, behavior, and styling, making it easier to manage and maintain com-
plex user interfaces. This approach promotes code reusability, modularity, and separation
of concerns. Popular Ul frameworks like React.js, Angular.js, and Vue.js have vibrant
communities and extensive ecosystems. This means there are numerous third-party librar-
ies, plugins, and tools available that extend the functionality of the frameworks. Devel-
opers can leverage these resources to enhance their applications, access additional fea-

tures, and address specific use cases.
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JavaScript Ul frameworks often optimize rendering and performance by utilizing
techniques like lazy loading, code splitting, virtual DOM diffing, and caching. These op-
timizations help reduce unnecessary re-renders and improve the overall performance and
responsiveness of web applications.

In short, JavaScript Ul frameworks simplify the development of web interfaces, en-
hance productivity, improve user experience, and provide a solid foundation for building

modern, responsive, and interactive web applications.
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3. Selection of tools for Web designing

Web development projects often require the use of web designing tools to create interac-
tive and functional prototypes that can serve as a blueprint for the final product. However,
with the abundance of web designing tools available, selecting the most suitable one can
be a challenging task for user.

Every web designing tool offers different features. Just because a tool was success-
fully used by others does not justify that it would be also suitable for your application. If
a web designing tool is selected without proper consideration, it could introduce compli-
cations in the design process. The wrong tool may lack important features required for
specific design tasks, it will restrict the designer's ability to create desired layouts or
achieve certain effects. Designers may waste time trying to work around the limitations
of the wrong tool, resulting in delayed project delivery and missed deadlines. If the tool
doesn't meet project requirements, designers may need to invest in additional software or
plugins to bridge the gaps, leading to unexpected costs. Using an outdated or unsupported
tool can result in a lack of updates, security vulnerabilities, and difficulty finding help or
resources when encountering problems. Therefore, tool selection is an essential part of
web designing process.

By considering following factors, user can make informed decisions when choosing
web designing tools to streamline their web design process.

e What are the requirements of web application?

e What are the resources available for web designing?

e What are the types of web design required for web application?
e What are the tools available for web design?

e How to use the selected tool efficiently?

The justification of these questions is given below.

3.1. Requirements

Requirements of an application are the detailed specifications and features that outline
what a software application or system is expected to do. These requirements serve as the
foundation and ensure that the end result satisfies the needs and expectations of its in-
tended users [24]. Gathering and defining clear and comprehensive requirements is cru-
cial for the success of any software project. It is also important for web designing process.
Web designing is concerned with the functional, business, and user requirements of an

application.

3.1.1. Functional Requirements

Functional requirements are concerned with the specific functionalities or features that

the software must provide [24]. For web design of a front-end application, functional
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requirements focus on the features that the user interface (UI) should provide to users.
These requirements describe how the front-end application should behave, what actions
users can perform, and how the application responds to user inputs. Functional require-
ments serve as the foundation for the software design and development process.

Here are examples of some functional requirements for web designing of a front-end
application.

1. Define the layout and placement of UI elements, such as buttons, forms,
menus, navigation bars, and other interactive components.

2. Specify the visual design and style guidelines, including colors, fonts, and
icons.

3. Describe how users can navigate through the application, including menu
structures and page links.

4. Describe how data should be presented and visualized, such as tables, charts,
graphs, and maps.

Functional requirements play a substantial role in the selection of a web designing
tool as they provide valuable insights into the specific features and functionalities that the
tool must possess to meet the project's needs.

Here are some key points discussed which explain how functional requirements can
help in the selection of a web designing tool. For example, by comparing the functional
requirements with the tool's feature set, you can determine if the tool has the capabilities
needed to implement the required functionalities. It helps you ensure that the selected tool
aligns with the project's objectives. Functional requirements often outline the desired user
interactions and workflows. Evaluating a web designing tool against these requirements
can help determine if the tool's workflow and user interface are conducive to achieving
the intended design goals.

Functional requirements may call for the creation of interactive prototypes. Selecting
a tool with strong prototyping capabilities helps designers demonstrate the user experi-
ence and functionality more effectively during the design phase. If functional require-
ments demand collaborative design efforts or version control capabilities, you can evalu-
ate tools based on their collaboration features, such as real-time collaboration, comment-
ing, and version history.

By assessing how well the tool aligns with the functional requirements, you can gauge
its usability and determine if it requires a manageable learning curve for your design team.
Functional requirements might call for integrations with external services or design asset
libraries. Evaluating whether the tool supports these integrations can impact the efficiency
and productivity of the design process. Functional requirements might specify the need
for specific export formats or delivery options for the design deliverables. Evaluating the

tool's export capabilities ensures that it can deliver design assets in the required formats.
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Functional requirements help identify essential features versus nice-to-have options.
This helps in selecting a tool that fits within the project's budget without compromising
critical design needs. By closely aligning functional requirements with the features and
capabilities of different web designing tools, you can make a well-informed decision
when choosing the most appropriate tool for your project. Careful evaluation ensures that
the chosen tool empowers designers to meet the project's goals and deliver high-quality

web designs efficiently.

3.1.2. User Requirements or User Stories

User requirements or user stories represent the needs and expectations of the end-users in
a clear and concise manner. User stories are typically written from the perspective of the
user and describe what the user wants to achieve when using the application [25]. These
requirements function as a valuable communication tool between stakeholders, designers,
and developers, ensuring that the application's design and functionality align with user
needs.

User stories are specific, actionable, and focused on the user's perspective, and are
free from technical jargon. These user requirements can be used as a basis in the selection
process of web designing tool. By basing the tool selection process on user requirements,
decision-makers can prioritize user satisfaction and ensure that the chosen web designing
tool aligns with the project's objectives and delivers a successful and user-friendly web
product.

Here's an example of a user story:

"As a designer, I want to be able to create interactive prototypes quickly and easily
so that I can gather user feedback and validate design decisions efficiently."

This user story emphasizes the need for a web designing tool that supports interactive
prototyping capabilities. The selection of a web design tool should consider features such
as, the tool should enable designers to create interactive prototypes with clickable ele-
ments, transitions, and animations. The tool should facilitate usability testing and gather-
ing user feedback on the interactive prototypes. The tool should be user-friendly and in-
tuitive, allowing designers to create prototypes quickly without a steep learning curve.
Collaboration features, such as real-time sharing and commenting, are essential for de-
signers to share prototypes with stakeholders and receive feedback efficiently. The tool
should offer export options that allow designers to share prototypes in various formats,
making it easy to present the designs to different stakeholders.

By aligning the user story with the selection criteria, the web designing tool chosen
can make the web design process effective, user-focused, and delivers a successful prod-

uct.
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3.1.3. Business Requirements

Business requirements are specific statements that outline the needs and objectives of a
business or organization. They are essential for guiding projects, defining solutions, and
aligning development efforts with the overall business strategy [26]. Business require-
ments provide a clear understanding of what a project or initiative aims to achieve and
how it should be executed to meet the desired outcomes. Business requirements provide
the context for the front-end design, guiding designers to create a web application that
meets the business goals effectively. Business requirements can significantly influence
the selection of a web design tool. The choice of the web design tool should align with
the business objectives, project scope, and the specific needs identified in the business
requirements.

Here's an example of a business requirement:

"Streamline Collaboration and Communication among Design Team Members"

According to this business requirement, the business seeks to improve the efficiency
and effectiveness of the design process by enhancing collaboration and communication
among members of the design team. The objective is to select a web design tool that
facilitates real-time collaboration, feedback sharing, and version control to streamline the

design workflow.

3.2. Resources

It is important to consider project resources before the selection of web design tool. Here
are some examples of resources which can influence the selection of web design tool.

e Cost: The evaluation of project resources helps in selecting a web design tool
that fits within the allocated budget. It prevents overspending on tools that
may have unnecessary features or functionalities, allowing the project to uti-
lize its resources more efficiently.

e Team expertise: Considering the skill level and expertise of the design team
ensures that the selected tool is suitable for the team's capabilities. Choosing
a tool that matches the team's proficiency leads to a smoother design process
and faster adoption of the tool.

e Time Management: Selecting a web design tool that integrates well with ex-
isting project resources, such as version control systems or collaboration plat-
forms, can save time and effort during the design and development phases.

e Scalability: Project resources help in assessing whether the selected web de-
sign tool can scale with the project's growth and handle future expansion and

complexity. It ensures that the tool remains relevant as the project evolves.
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3.3. Types of Web Design

It is important to understand what kind of web design will be required by the application
because every web designing tool can create web design of different levels of visual fi-
delity. Having a clear concept of the type of web design required for web application will
help designer to choose the appropriate web design tool. There are different types of web
designs, some of them will be discussed in detail to show their influence on the selection

process of web designing tool.

3.3.1. Wireframe

A wireframe is a blueprint or visual representation of an application. Wireframes provide
an outline of the design's content, functionality, and user interface elements without get-
ting into specific visual details like colors or typography [17]. They serve as a starting
point for designers, developers, and stakeholders to understand the project's layout and
functionality before moving on to more detailed stages.

Wireframes serve several key purposes in web design. They establish the basic layout
and organization of the content on a web page or application, defining the placement of
key elements such as headers, navigation, content areas, and footer. They outline the in-
teractive elements and user interface components, showcasing how users will interact
with the site or application. Wireframes facilitate communication among team members,
clients, and stakeholders, as they provide a visual representation of the project's layout
and features.

There are different types of wireframes, each offering varying levels of detail and
complexity.

1. Low-Fidelity Wireframes are basic sketches that outline the layout and key
elements without much detail. They are quick to create and ideal for early-
stage brainstorming and concept validation.

2. Mid-Fidelity Wireframes add more detail and structure to the design, includ-
ing basic text labels and sometimes grayscale representations of the content.

3. High-Fidelity Wireframes are more detailed and may include actual content,
visual design elements, and interactions. They bridge the gap between
wireframes and prototypes.

Multiple tools exist for generating wireframes, spanning from uncomplicated pen-
and-paper sketches to digital software. Common wireframing tools include Adobe XD,
Sketch, Figma, and Balsamiq. The decision to make wireframes can significantly impact
the selection of a web design tool. The choice of tool will depend on various factors, such
as the complexity of the project, collaboration needs, and the level of fidelity required for
the wireframes.

If you need to create quick, low-fidelity wireframes to outline the basic layout and

content structure, you might prefer using simple tools like pen and paper, whiteboard, or
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online wireframing tools that offer a straightforward interface for quickly sketching ideas.
For wireframes that require a moderate level of detail and some visual representation, you
might choose specialized wireframing software like Balsamiq. These tools offer pre-built
Ul elements and a library of components to speed up the wireframing process while main-

taining a clean, unpolished look.

3.3.2. Mockup

A mockup is a detailed visual representation of a web page, application, or digital product.
It is more refined and visually polished compared to a wireframe, incorporating actual
design elements such as colors, typography, icons, images, and layout. Mockups are often
static and lack interactive elements like those found in prototypes. They are crucial for
presenting the visual aesthetics and overall design concept to stakeholders, clients, and
team members during the web design process [8].

Mockups are generally more detailed than wireframes, but they still lack some inter-
active elements found in prototypes. They focus on the design and visual aesthetics rather
than user interactions. Mockups can be created at different stages of the web design pro-
cess, from the initial planning and wireframing stage to the final design stage [27].
Mockups can be presented in different formats based on the level of visual detail. Low-
Fidelity Mockups are simple representations that may use placeholders for images and
generic text for content. They are useful for early-stage design discussions and quick it-
erations. High-Fidelity Mockups are more detailed and visually polished. They use real
images, actual content, and refined design elements to give stakeholders a more precise
depiction of the final product.

The selection of tool will be highly dependent on the required fidelity level of
mockup. Various design tools can be used to create mockups, ranging from graphic de-
sign software like Adobe Photoshop and Sketch to more specialized tools like Adobe XD,

Figma, and InVision.

3.3.3. Prototype

A prototype is an interactive, functional representation of a web page, application, or dig-
ital product that simulates the user experience and demonstrates how the final product
will work [17]. The primary goal of a prototype is to test and validate the functionality,
user interactions, and overall usability of a digital product before investing resources in
the development phase. Prototypes help identify potential issues and improvements early
in the design process, leading to a more efficient and user-friendly final product. Unlike
wireframes and mockups, prototypes include interactive elements that simulate user in-
teractions and experiences. These interactions can be as simple as button clicks,
dropdown menus, or scrolling, or as complex as navigating through different pages or

completing form submissions.
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The fidelity of prototypes can vary, depending on the design objectives and the stage
of the project.

1. Low-Fidelity Prototypes are basic and quick prototypes with minimal visual
design elements and limited interactivity. They are useful for early-stage con-
cept testing and refining the user flow.

2. Medium-Fidelity Prototypes have more visual design elements and better rep-
resentation of user interactions. They are useful for usability testing and gath-
ering feedback on the user experience.

3. High-Fidelity Prototypes closely mirror the final product concerning visuals
and interactions They are ideal for conducting detailed user testing and pre-
senting a near-realistic experience to stakeholders.

There are different types of prototypes based on the level of interactivity and com-
plexity. For example, Clickable Prototypes allow users to click through the design and
interact with various elements [17]. They are often created using prototyping tools like
Adobe XD, Sketch, Figma, or InVision. So, before selecting a tool it is important to know
about the level of fidelity and type of web design.

The following table, Table 3.1 can serve as a guideline in deciding the type of web

design according to specific needs and requirements of project.

Table 3.1 Classification of types of web design

Properties Wireframe Mockup Prototype
Purpose blueprint visual representa- | interactive and
tion functional  repre-
sentation
Interactivity non-interactive non-interactive interactive
User Testing not suitable not suitable suitable

Usability Valida-

tion

validate layout

validate visual de-

sign

validate both visual
design and user in-

teractions

Development
Handoff

provide basic lay-
out structure for de-

velopment

provide visual de-

sign guide

provide developers
with a clear under-
the

design's interactive

standing  of

elements and user

flow
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3.4. Web Designing Tools

The diversity of web design tools exists due to the varying needs and preferences of web
designers and developers. Different types of web design tools serve specific purposes and
cater to different stages of the web design process. Ultimately, the existence of various
web design tools reflects the dynamic and multifaceted nature of web design itself. As
the web design landscape evolves and technology advances, new tools with innovative
features and capabilities are likely to continue emerging to meet the evolving needs of
web designers and developers. Before selecting a web designing tool, it is important to
understand the functionality and features of that tool. Some of the most popular web de-
sign tools are Sketch, AdobeXD, Figma, InVision, and Balsamiq [28]. These tools are

discussed in detail below.

3.4.1. AdobeXD

Adobe XD [29], short for Experience Design, stands out as a robust and versatile design
and prototyping tool crafted by Adobe Inc. It is purpose-built for the creation of user
interfaces (UI) and user experiences (UX) for both web and mobile applications. Intro-
duced in 2016, Adobe XD quickly gained popularity among designers and design teams,
due to its user-friendly interface, streamlined workflow, and seamless integration with
other Adobe Creative Cloud applications. Some key features of Adobe XD are discussed
below which can help in the selection process of web designing tool.

1. Responsive Design: With Adobe XD, designers have the capability to develop
responsive designs that seamlessly adapt to diverse screen sizes and orienta-
tions. You can create multiple artboards for various devices and use respon-
sive resizing to ensure elements scale proportionally.

2. Design Components and Libraries: Adobe XD supports design components
that allow you to create reusable Ul elements and maintain design consistency
across projects. Libraries can be shared across files and updated globally, en-
suring that changes are propagated everywhere.

3. Interactive Prototyping: Adobe XD excels in prototyping capabilities. De-
signers can link artboards with interactive hotspots and define transitions to
simulate user flows and interactions. This feature is crucial for testing and
refining the user experience before development.

4. Auto-Animate: Adobe XD's Auto-Animate feature enables designers to create
advanced animations between artboards automatically. This allows for more
engaging and dynamic prototypes without the need for complex animation
tools.

5. Voice Prototyping: Adobe XD includes voice prototyping, allowing designers
to create voice-enabled interactions and test voice commands within their pro-

totypes.
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Real-Time Collaboration: Adobe XD allows real-time collaboration on cloud
documents, enabling multiple designers to work simultaneously and see
changes in real-time. This fosters efficient teamwork and communication.
Design Specs and Handoff: Designers can generate design specs that devel-
opers can access to inspect design details, measurements, and CSS properties.
This simplifies the handoff process and ensures accurate implementation of
the designs.

Plugins and Integrations: Adobe XD supports an extensive range of plugins
created by both Adobe and third-party developers. These plugins enhance the
functionality of the tool and extend its capabilities further.

Adobe Creative Cloud Integration: Being part of the Adobe Creative Cloud
ecosystem, XD seamlessly integrates with other Adobe tools like Photoshop,
[ustrator, and After Effects, making it easy to transfer assets and designs

between applications.

3.4.2. Figma

Figma [30], launched in 2016, is a cloud-based design and prototyping tool that has

gained substantial popularity within the web and app design community. It enables de-

signers to create, collaborate, and share user interfaces and interactive prototypes with

ease. Figma is known for its versatility, real-time collaboration features, and accessibility

across different platforms, making it a preferred choice for designers and design teams

worldwide. Some of key features offered by Figma are summarized below, which can be

helpful while selecting design tool:

1.

Cloud-Based Design: Figma operates entirely in the cloud, meaning there's
no need to install any software on your device. You can access Figma through

a web browser or via desktop apps for Windows and macOS.

. Real-Time Collaboration: An exceptional feature of Figma is its support for

real-time collaboration. This allows multiple users to collaborate on the same
design project simultaneously, with the ability to observe each other's changes
in real-time. This feature greatly facilitates teamwork, enabling designers, de-
velopers, and stakeholders to collaborate seamlessly.

Design Components and Libraries: Figma allows users to create reusable de-
sign components, such as buttons, icons, and navigation bars. Designers can
organize these elements into libraries, which can be shared and accessed
across different projects, ensuring design consistency.

Prototyping and Interactions: Figma's built-in prototyping tools enable de-
signers to create interactive prototypes and wireframes. You can define click-
able links and transitions between design frames to simulate user interactions

and test the user experience.
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4.

Responsive Design: Figma offers responsive design features, allowing design-
ers to create adaptive designs that work well on various devices and screen
sizes. Designers can create multiple layouts within the same file and use con-
straints to maintain consistency across different screen sizes.

Version History and Comments: Figma keeps track of design changes with
version history, allowing users to revert to previous versions if needed. It also
enables users to leave comments directly on specific design elements, facili-
tating effective feedback and communication among team members.

Design Handoff: Figma streamlines the handoff process between designers
and developers. Design specs and assets can be easily extracted, making it
easier for developers to implement the designs accurately.

Plugins and Integrations: Figma supports a wide range of plugins created by
both Figma and third-party developers. These plugins extend the tool's func-
tionality and can be used to automate repetitive tasks or add additional design
features.

Security and Permissions: Figma prioritizes security, and it offers various per-
missions and access controls to manage team collaboration securely.

Design Versioning: Figma allows users to create design variants and compare

different versions side by side, enabling easy A/B testing and iteration.

3.4.3. Balsamiq

Balsamiq [31] is a wireframing and prototyping tool used for creating quick, low-fidelity

mockups and sketches of user interfaces (UI) and user experiences (UX). It was first re-

leased in 2008 and has since become a popular choice among designers, product manag-

ers, and development teams for its simplicity and focus on rapid prototyping. Here is the

list of some features offered by Balsamiq:

1.

3.

Low-Fidelity Sketches: Balsamiq's main strength lies in its low-fidelity ap-
proach to wireframing. It provides a library of pre-built UI elements (known
as "controls") that resemble hand-drawn sketches, giving the mockups a
rough, unfinished appearance. This encourages stakeholders to focus on the
layout and structure rather than getting caught up in visual details.

Simple Interface: Balsamiq's user interface is intentionally minimalistic and
straightforward. The goal is to make it easy for users to quickly create
wireframes without the need to spend time on learning complex design tools.
Extensive Library: Balsamiq comes with a vast collection of UI components
and widgets commonly used in web and app design, such as buttons, text
boxes, navigation bars, and more. Users can easily drag and drop these ele-

ments onto the canvas to create mockups rapidly.
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Custom Components and Templates: In addition to the built-in library, Bal-
samiq allows users to create custom Ul components and templates, enabling
design consistency across different projects.

Quick Iterations: The simplicity of Balsamiq allows for rapid iteration and
exploration of design ideas. It's particularly useful during brainstorming ses-
sions and early design stages when multiple concepts need to be generated
quickly.

Collaboration and Feedback: Balsamiq provides collaborative features, al-
lowing multiple team members to collaborate on the same project. It also per-
mits stakeholders to leave comments and feedback directly on the wireframes,
streamlining the feedback process.

Integration with Other Tools: While Balsamiq is primarily used for low-fidel-
ity wireframes, it can be integrated with other prototyping tools and design
applications for more advanced interactions and high-fidelity mockups.
Export Options: Balsamiq allows users to export wireframes in various for-
mats, such as PNG, PDF, and interactive PDF, making it easy to share and
present designs with stakeholders and clients.

Offline and Cloud Versions: Balsamiq offers both desktop (offline) and cloud-
based versions, giving users the flexibility to work on their projects regardless

of their internet connectivity.

3.4.4. Sketch
Sketch [32] is a widely used vector-based design tool developed by Bohemian Coding,

primarily designed for crafting user interfaces (UI) and user experiences (UX) for web

and mobile applications. It was first released in 2010 and quickly gained traction in the

design community, particularly among UI/UX designers, due to its focus on simplicity,

flexibility, and efficiency. Some of key features offered by Sketch are:

1.

2.

Vector-Based Design: Sketch is built on a vector-based platform, allowing
designers to create scalable and resolution-independent designs. This makes
it suitable for designing assets that can be used across different screen sizes
and resolutions.

Artboards and Pages: Sketch uses an artboard-based approach, where design-
ers work on individual screens or pages. This structure makes it easy to man-
age and organize multiple screens within a single file, enabling efficient de-
sign iterations.

Symbols and Shared Styles: Sketch introduced the concept of Symbols, which
are reusable design elements like buttons, icons, and navigation bars. By using
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Symbols and Shared Styles, designers can maintain design consistency
throughout the entire project and make changes globally.

Plugins and Extensions: Sketch has a robust plugin ecosystem that allows us-
ers to extend its functionality and integrate with other tools and services. De-
signers can use plugins to automate repetitive tasks, export assets, and access
additional design features.

Responsive Design: Sketch provides features for creating responsive designs,
including resizing constraints, which allow designers to specify how elements
should adapt when their parent container changes size.

Prototyping and Interaction: While Sketch is primarily a design tool, it offers
basic prototyping capabilities with the ability to define clickable hotspots and
transitions between artboards. However, for more advanced prototyping, de-
signers often use other dedicated prototyping tools.

Exporting Assets: Sketch allows designers to export assets in various formats,
including PNG, JPG, SVG, and more. Designers can also specify different
export scales and resolutions to accommodate various device requirements.
Integration with Design Systems: Sketch is commonly used in conjunction
with design systems, where designers create and maintain a centralized library
of design elements that can be shared and reused across different projects.
Collaboration and Version Control: Sketch supports collaborative workflows
through plugins or cloud-based solutions, enabling team members to work to-
gether on the same files. Additionally, some plugins provide version control

features to track changes and revert to previous states.

10. Accessibility Features: Sketch includes features to check the accessibility of

designs, ensuring that they meet certain standards for users with disabilities.

3.4.5. InVision

InVision [33] is a digital product design and prototyping platform that facilitates collab-

oration among designers, developers, and stakeholders. It was founded in 2011 and has

since become one of the leading tools in the UX/UI design industry. InVision provides a

diverse set of features catering to various stages of the design process, spanning from

wireframing and design to interactive prototyping and design collaboration. Some of key

features are discussed below:

1.

Prototyping: InVision is known for its powerful prototyping capabilities. De-
signers can create interactive and animated prototypes by linking artboards
and defining user interactions and transitions. This allows stakeholders and
users to experience the design in an interactive way, making it easier to gather

feedback and validate design decisions.
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Design Collaboration: InVision facilitates seamless collaboration between
designers, developers, and stakeholders. Team members can leave comments
directly on design elements, making it easier to share feedback and iterate on
designs.

Version History and Design Handoff: InVision keeps track of design versions,
allowing designers to revert to previous states if needed. It also provides fea-
tures for design handoff, allowing developers to access design specs, meas-
urements, and assets needed for implementation.

Design System Management: InVision provides tools for creating and main-
taining design systems. Designers can create libraries of reusable components
and styles, ensuring design consistency across different projects.

User Testing and Feedback: InVision allows designers to conduct user testing
and gather feedback through features like clickable prototypes and user testing
sessions. This helps validate design decisions and improve the user experi-
ence.

Mobile Preview: InVision offers a mobile app that allows users to preview
and test prototypes directly on their devices.

Craft Plugin: InVision's Craft plugin integrates with design tools like Sketch
and Adobe XD, allowing designers to sync their designs to InVision and cre-

ate prototypes directly from within their design tools.

. Animation and Micro interactions: InVision supports more advanced anima-

tions and micro interactions through features like "Auto-Animate," which en-
ables designers to create more dynamic and realistic prototypes.
Security and Permissions. InVision prioritizes security and provides granular

permissions settings to control access and editing rights for team members.

The strengths and weaknesses of Adobe XD, Figma, Sketch, Balsamiq, and InVision

are summarized in Table 3.2 below. This information can be very helpful in the selection

process of web designing tool.

Table 3.2 Summary of Strengths and Weaknesses of Web Designing Tools

Tools

Strengths Weaknesses

Adobe XD Seamless integration with | Some advanced features

other Adobe tools, power- | might be limited compared

ful prototyping features, | to specialized prototyping

design consistency through | tools
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Components, and shared
assets via Creative Cloud

Figma Real-time  collaboration, | Occasional performance is-
cross-platform accessibil- | sues with large files, offline
ity, powerful design system | functionality limited com-
management, and versatile | pared to desktop apps
prototyping capabilities

Sketch Lightweight and fast, ex- | Limited cross-platform ac-
tensive plugin ecosystem, | cessibility (macOS only),
strong vector editing capa- | some prototyping features
bilities, industry-standard | require third-party tools
for macOS users

Balsamiq Speedy wireframing, mini- | Limited to low-fidelity
mal learning curve wireframes

InVision Advanced prototyping ca- | Limited vector-based de-
pabilities, user testing fea- | sign capabilities
tures, strong design collab-
oration tools.

3.5. Key Strategies for Efficient Web Design Tool Utilization

When the web designing tools for web design of a web front-end application have been
selected, it is important to know how to use the features offered by tool efficiently for
web designing. This can significantly boost your productivity and streamline your design
workflow.

It is recommended to get familiarize with the tool’s interface, menus, and shortcuts.
Familiarity with the layout will save time and reduce errors in the long run. Many web
design tools offer templates and pre-built design libraries. Utilize these resources to speed
up your design process and maintain consistency across projects. Learn and use keyboard
shortcuts for commonly used actions. This will help you navigate the tool faster and per-
form tasks more efficiently. Organize your design files with a clear folder structure and
naming conventions. This will make it easier to find and manage assets and designs as
your project grows. If your design tool supports it, create reusable design components for
elements like buttons, icons, and navigation bars. This way, you can update these com-
ponents globally, ensuring design consistency. Regularly check for updates and new fea-
tures in your web design tool. Staying informed will help you take advantage of the latest
improvements and functionalities. Keep your design files clean and organized by remov-

ing unnecessary elements and optimizing assets. This will help maintain file performance
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and prevent clutter. Web design tools often have hidden or advanced features that you
may not be aware of, continuously seek learning resources, tutorials, and online courses
to expand your skills and efficiency.

By implementing these tips, you can enhance your proficiency with the web design
tool and ensure a smooth and productive design process. Efficient use of the tool will

enable you to focus more on creativity and delivering high-quality designs.

3.6. Conclusion

By considering the factors mentioned in the beginning of this section 3, users can make
well-informed decisions when choosing web design tools to streamline their web design
process. The first step is to understand the specific requirements of the web application.
Users should identify the desired features, functionality, and target audience to select a
tool that best aligns with the project's needs. After that it is important to assess the re-
sources available for web designing, including budget, team expertise, and time con-
straints. Choosing a tool that fits within these resource limitations ensures a smoother
design process. Different web applications may require different types of web design, so
it is crucial to select the tool according to the type of web design. There are numerous
web design tools with varying features and capabilities. Users should research and com-
pare different tools to find the one that offers the functionalities needed for their specific
project. Once the web design tool is selected, users can maximize its potential by master-
ing the tool's interface, learning keyboard shortcuts, and leveraging features like tem-
plates, design components, and collaboration options. Continuous learning and staying

updated on new features can further improve efficiency.
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4. Selection of JavaScript Frameworks

JavaScript framework (JSF) selection is a challenging task for developers due to several
reasons. There is an abundance of JSF available, each with its own set of features, ap-
proaches, and philosophies. This wide array of choices can be overwhelming for devel-
opers, making it difficult to determine which framework is the best fit for their project.

The JavaScript ecosystem is dynamic and constantly evolving. New frameworks and
libraries emerge regularly, while existing ones receive updates and enhancements. Keep-
ing up with the latest trends and evaluating the suitability of each framework requires
continuous learning and research.

JSF selection involves a long-term commitment, as migrating to a different frame-
work can be time-consuming and disruptive. Given these challenges, it is important for
developers to thoroughly research and evaluate before making a final decision. Being able
to answer the following questions provides a guide in the selection process.

e What type of requirements to consider before selecting a framework?
e What should be the architecture of web front-end application?
e What should be the type of web front-end application?
e What options of JavaScript front-end frameworks or libraries are available
and what are their key features?
e How to do the analysis of selected JavaScript frameworks?
Below are justifications for the importance of considering these questions before se-

lecting a JavaScript framework for a web front-end application.

4.1. Requirements

In the context of selecting a JavaScript framework for web front-end development, there
are several types of requirements to consider. These requirements help ensure that the
chosen framework is suitable for your project and aligns with your development goals.
Here are some specific types of requirements for JavaScript framework selection:

1. Functional Requirements: These requirements pertain to the specific features
and functionalities needed for web application. For example, UI components,
data handling, state management, and any other capabilities required to build
application. If a web application has a functional requirement to present data
in various visual formats, such as charts, graphs, maps, and interactive data
tables. Then selection of a JavaScript framework or library which has built-in
data visualization components can significantly streamline the development
process.

2. Non-functional Requirements: Non-functional requirements are quality attrib-
utes that describe how the system should behave or perform rather than what

it should do. Examples include performance, reliability, security, scalability,
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usability, and accessibility requirements. If it is the requirement to build a
real-time collaboration tool or an interactive application that requires frequent
updates and real-time data synchronization, a JavaScript framework that min-
imizes rendering and processing delays would be crucial. It should have opti-
mized algorithms and rendering mechanisms to handle dynamic content effi-
ciently. Keep in mind that different JavaScript frameworks have varying per-
formance characteristics, and the best choice will depend on your specific ap-
plication's requirements.

3. User Requirements: User requirements are declarations that encapsulate the
needs and expectations of end-users or stakeholders. These statements empha-
size what users anticipate the system to accomplish and how it should behave
from their perspective. For example, if cross-browser compatibility is a user
requirement it can significantly influence the selection of a JavaScript frame-
work. In this requirement, user is expecting the web application to function
and appear consistently across different web browsers and devices. Each
browser may have slight differences in rendering and handling JavaScript
code, leading to potential inconsistencies in the user experience. Therefore,
selecting a JavaScript framework that ensures smooth operation and con-
sistent behavior across major browsers is essential to meet user expectations.

4. Business Requirements: Business requirements focus on the overall business
goals and objectives that the software system should support. They help en-
sure that the software aligns with the organization's strategic direction. If it is
a business requirement for an application to have rapid development and quick
time-to-market, then this requirement will have an impact on the selection of
framework. Some frameworks offer features, tools, and abstractions that ena-
ble developers to build complex applications with less code and in a shorter
timeframe. Rapid development can lead to quicker iteration cycles, faster

feedback from users, and earlier deployment of valuable features.

4.2. Architecture of Web Front-end Application

The choice of architecture can significantly impact the selection of a JavaScript frame-
work for your web front-end application. Different architectures have varying require-
ments and best practices, and certain JavaScript frameworks are better suited for specific
architectures. Architecture of an application can provide valuable insights to make an
informed decision.

For example, if someone is working with an architecture like Model-View-Controller
(MVC) [34] or Model-View-ViewModel (MVVM) [34], you might want a framework

that enforces a clear separation between the Model, View, and Controller/ViewModel. If
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someone is adopting a unidirectional data flow pattern like Flux or Redux, which helps
manage complex state in large applications, you might consider React with Redux or
frameworks that provide built-in support for Flux architecture.

Architecture can provide some types of key information to help in the selection of a
JavaScript framework. For example, architecture can help in evaluating the complexity
of your application's user interface and the interactions required. How your application's
components will be structured and whether component reusability is important for your
application. It can also help in analyzing the data management requirements of your ap-
plication. Does it need advanced state management, such as Redux or Flux patterns?
Some frameworks come with built-in solutions for state management, while others rely

on external libraries.

4.3. Type of Web Front-end Application

The choice of the type of web front-end application can have a significant impact on the
selection of the JavaScript framework for development. Different front-end application
types have distinct requirements and characteristics, and certain JavaScript frameworks
are better suited to address those needs. Here are some ways the type of front-end appli-
cation can influence the selection of the JavaScript framework. SPAs require a robust
framework to handle complex user interactions and UI updates without page reloads.
Frameworks like React, Angular, and Vue.js are well-suited for SPAs due to their com-
ponent-based architecture and virtual DOM handling, which improves performance and
makes it easier to manage complex Uls. For simpler static web applications or multi-page
applications that don't require extensive Ul interactions, developers might opt for light-
weight or minimal JavaScript frameworks or libraries. Vanilla JavaScript or smaller li-
braries like jQuery might be sufficient for these cases. Progressive Web Applications
(PWAs) benefit from a combination of a front-end framework and service workers for
caching and offline capabilities. React and Angular have strong PWA support, making
them popular choices for building progressive web apps. Responsive web applications
need a framework that supports responsive design, ensuring the Ul adapts smoothly to
various screen sizes and devices. Most modern JavaScript frameworks provide tools and

techniques for responsive web development.

4.4. JavaScript Framework and Libraries

There is a wide range of JavaScript frameworks and libraries. In the selection process of
these frameworks, it is important to know what options of frameworks and libraries we
have and what functionalities they are offering. This understanding can help developer in

decision making. Some of these frameworks and libraries are introduced below.
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4.4.1. React

React [35] is commonly employed for building user interfaces in web applications. De-
veloped by Facebook, it stands as a popular JavaScript Ul framework. Operating on a
component-based architecture, React divides the Ul into reusable and self-contained com-
ponents. These components possess their properties and state, facilitating the manage-
ment and updating of the Ul in response to changes in data.

React employs JSX (JavaScript XML), which serves as a syntax extension of JavaS-
cript. This extension enables developers to write HTML-like code directly within their
JavaScript files, simplifying the creation and manipulation of UI components [23]. React
promotes the development of reusable and modular components, where each component
handles its own state and properties. These components can be composed together to con-
struct intricate UI hierarchies.

In React, the virtual DOM compares the current virtual representation of the UI with
the previous one, identifying differences and efficiently updating only the necessary parts
of the actual DOM. This approach minimizes the number of actual DOM manipulations,
resulting in improved performance. When a React component is initially rendered, it gen-
erates a virtual DOM representation of the component's UL This virtual DOM serves as
a lightweight copy of the actual DOM tree, enabling React to calculate differences (dif-
fing) between the previous and current states. When the state or props of a React compo-
nent change, a new virtual DOM representation is created for the updated component.

React then initiates a process called "diffing" or "reconciliation," involving a com-
parison between the previous virtual DOM and the updated one. React identifies the dif-
ferences, determining the necessary changes to be made to the actual DOM. Once these
differences are calculated, React selectively updates only the specific parts of the actual
DOM that have changed. This targeted update is significantly more efficient than updat-
ing the entire DOM tree. The virtual DOM representation in React is illustrated in Figure
4.1.

In React, the data flow follows a unidirectional path, with data passed through prop-
erties (props) from parent to child components. This design choice enhances the clarity
and ease of debugging in understanding the flow of data within the application. With
React version 16.8, the introduction of hooks enables developers to incorporate state and
lifecycle functionalities into functional components. Hooks provide a simpler and more
concise approach to managing component state and handling side effects [36].

React has an extensive ecosystem comprising libraries, tools, and robust community
support. Developers can leverage various third-party libraries and tools to enhance React
applications, like React Router for routing [26], Redux for state management [37], and

Material-UI [38] for ready-to-use UI components.
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Figure 4.1 Virtual DOM in React [45, Fig. 2.3]

4.4.2. Angular

Angular [39] is a widely used JavaScript Ul framework developed by Google. It is a
comprehensive framework suitable for the complete development of web applications.
Angular follows a component-based architecture and offers a variety of tools and features
to simplify the building process. It includes features like forms handling, dependency
injection, routing, data binding, and testing utilities out of the box. This comprehensive
approach reduces the need to rely on external libraries or tools for many common devel-
opment tasks.

Like React, Angular adheres to a component-based architecture. The Ul is segmented
into reusable and modular components, each encapsulating its own logic, styling, and
templates. Angular's components facilitate two-way data binding [40], simplifying the
management and updating of the Ul based on changes in the underlying data. Two-way
data binding ensures synchronization between the data model and the view. Any altera-
tion in the data model is reflected in the view, and vice versa. This process is immediate
and automatic, ensuring both the model and view stay updated consistently.

Angular employs TypeScript, a strongly typed superset of JavaScript developed by
Microsoft. TypeScript introduces optional static typing to JavaScript, enabling developers
to identify errors and bugs during development rather than at runtime. TypeScript code is
transpiled to standard JavaScript, making it executable in any browser or Node.js envi-
ronment. TypeScript brings features like static typing, enhanced tooling, and better code
organization to the development process. It provides improved maintainability, refactor-

ing capabilities, and better developer experience.
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Angular offers a rich set of directives that extend HTML with additional functionality.
Directives allow developers to add custom behaviors, manipulate the DOM, handle
events, and create reusable components. Angular offers a robust dependency injection
system, providing an efficient means to manage dependencies and encourage modularity.
This feature facilitates the creation of more testable and maintainable code by decoupling
components and services.

Additionally, Angular harnesses the capabilities of Reactive Extensions for JavaS-
cript (RxJS) to handle asynchronous operations and support event-based programming.
RxJS enables the effective management of data streams, simplifying the handling of asyn-
chronous tasks like HTTP requests and real-time updates.

Furthermore, Angular is equipped with the Angular Command Line Interface (CLI),
a potent tool automating common development tasks. This includes activities such as
scaffolding components, code generation, test execution, and application building for pro-

duction.

4.4.3. Vue

Vue.js [41] stands out as a popular open-source JavaScript framework primarily utilized
for constructing user interfaces and single-page applications (SPAs). Recognized for its
flexibility, accessibility, and incremental adoptability, Vue is suitable for both small and
large-scale projects. It often receives praise for its simplicity, ease of learning, and seam-
less integration with existing projects.

Vue employs a reactive data binding system, ensuring that alterations in the underly-
ing data automatically update the corresponding parts of the UI. This facilitates efficient
and intuitive handling of data-driven UI updates [42]. Like React and Angular, Vue ad-
heres to a component-based architecture, allowing Vue components to be combined to
construct intricate UI hierarchies.

Vue supports Single File Components (SFC). It is a file format and component or-
ganization approach used to encapsulate the style, template, and script of a Vue.js com-
ponent within a single file. Traditionally, in front-end development, the template, script
(JavaScript), and styles (CSS) of a component were often separated into three different
files. However, as the complexity of applications grew, managing these separate files
became cumbersome. SFC were introduced to address this issue by consolidating all the
related code for a component into a single, self-contained file with a ‘.vue’ extension.
This helps in organizing and maintaining components by keeping related code in one
place.

Vue provides an official routing library called Vue Router. It helps in building SPA
with multiple views and seamless navigation between them. In Vue, the official state
management library is Pinia. It provides a centralized store to manage application state,

enabling efficient data sharing and communication between components.
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4.4.4. Strengths and Weaknesses of JS frameworks
The strengths and weaknesses of few popular JavaScript frameworks are summarized be-
low to provide a structured and concise information which can facilitate in comparison,

comprehension, and decision-making.

Strengths:
React:

e React's Virtual DOM optimally updates only the necessary parts of the actual
DOM, resulting in enhanced rendering performance and a smoother user experi-
ence.

e React's component-based approach promotes reusability, modularity, and main-
tainability of code.

e React has a massive and active community, which means abundant resources, li-
braries, and third-party packages are available for developers.

e React is primarily a view library, allowing developers to choose additional librar-
ies and tools for state management, routing, etc.

e React's architecture and concepts can be easily extended to build mobile applica-

tions using React Native.

Angular:

e Angular is a comprehensive framework that offers built-in solutions for many as-
pects of development, including state management, forms, HTTP requests, etc.

e Angular is built with TypeScript, which provides help catch errors during devel-
opment.

e Angular's dependency injection system allows for better modularity and testability
of code.

e Angular's two-way data binding simplifies data synchronization between the Ul

and the underlying model.

Vue:

e Vue is praised for its easy learning curve, making it accessible for developers with
basic HTML, CSS, and JavaScript knowledge.

e Vue provides a balance between React's flexibility and Angular's opinionated ap-
proach, making it versatile and adaptable to various projects.

e Vue's reactivity system and efficient rendering mechanisms contribute to excel-
lent performance.

e Vue's smaller bundle size and faster initial rendering make it a suitable choice for

small to medium-sized projects.
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Weaknesses:
React:
e React can have a steeper learning curve for beginners, especially when dealing
with advanced concepts like state management.
e React might require additional setup and boilerplate code for features that are

built-in or easier to implement in other frameworks.

Angular:
e Angular's extensive feature set and opinionated architecture can lead to a steeper
learning curve and increased complexity for small to medium-sized projects.
e Angular's aggressive change detection strategy can result in slightly higher per-
formance overhead compared to other frameworks.
e Angular's core is larger compared to other frameworks, leading to larger initial

bundle sizes.

Vue:
e Vue's ecosystem, while growing, might not be as extensive as React's or Angu-
lar's, leading to fewer choices for third-party packages and libraries.
e While Vue is gaining popularity, it might not be as widely adopted in large enter-

prise-level applications compared to Angular.

4.5. Analysis of selected framework

To perform the analysis of selected framework, it is important to define an evaluation
criterion. The answers to the questions mentioned in start of this section 4 will help in
formulating an evaluation criterion according to the needs of project. This evaluation cri-
teria for the JavaScript framework will depend on the project requirements, architecture,
and type of application. The key features of the selected framework should satisfy the
evaluation criterion so that the developed application will meet all types of project re-
quirements.

In summary, choosing the right framework for development positively impacts
productivity, code quality, performance, and scalability. It empowers developers to build
robust applications efficiently and maintain them effectively over time. A well-chosen
framework sets the foundation for a successful development process and contributes to
the overall success of the project.
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5. Implementation

To study and analyze the usefulness of proposed approaches for the selection of web de-
signing tool and JavaScript framework, this approach was used for the implementation of

a software application named Matchmaking GUI application.

5.1. Matchmaking GUI Application

In manufacturing industry, traditionally system designer performs manually reconfigura-
tion planning and system design. This manual process depends on the system designer’s
expertise and knowledge. They must find the appropriate configuration solutions by com-
paring and finding the suitable production/manufacturing resources and resource combi-
nations for product requirements. There was a need to automatize this manual process to
avoid human-caused errors and for efficient results. The capability matchmaking software
was developed to resolve this issue [43]. This matchmaking service was implemented
using RESTful architecture. For capability matchmaking service, a user interface was
needed to allow the system designer to interact with capability matchmaking software
running on a remote server.

There was a need to develop a web application, so to overcome this issue, Matchmak-
ing Graphical User Interface (MM GUI) application is designed and developed which
allows the user to interact with matchmaking service from the browser of its personal
computer. The purpose of this MM GUI is to allow the user to focus on system design
and reconfiguration planning without getting worried about software installations and up-
dates. This MM GUI makes it easier for the system designer to access matchmaking ser-
vice from browser without any local setup and software installations. The system design-
ers or users will not get bothered by any update on remote server and they can interact or
access matchmaking software from any combination of hardware and operating system
via browser. This MM GUI assures that system designer can utilize the services in diverse

circumstances.

5.1.1. Requirements Gathering
The first stage to develop MM GUI was requirements gathering phase. It starts with kick-
off meetings and workshops. In these meetings, brainstorming sessions are performed and
different ideas and perspectives are collected within a team. In these meetings all types
of requirements were gathered including functional and non-functional requirements.
After identification of these requirements, these requirements were categorized into
main features and functionalities which need to be implemented in MM GUI. After taking
notes of these identified functionalities and features, they are divided into smaller tasks
and these tasks are prioritized and listed in an excel sheet. The excel sheet contains dif-
ferent columns including tasks, time estimation (how much time in days a particular task

required), priority (1 highest priority — 5 lowest priority), status (not started, in progress,
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done), milestone, and assignee. This sheet helped in keeping track of the progress of MM

GUI. Few tasks from excel sheet are shown in Figure 5.1 below:

No. Epic Task Priority (1-|  Status Milestone Assignee
. 5) . .
1|Mockups Mockup on MM criteria (PRD, Process Steps, Layout) 1 Done Milestone 1 Ashah
2|Mockups Mockup on Results page 1 Done Milestone 1 Ashah
3|Mockups Mockup on Detail Result (details in a single result) 1 Done Milestone 1 Ashah
4|Mockups Mk)ckup on Results filtering 1 Done Milestone 1 Ashah
5/Setup Front end project setup (FE) 1 Done Milestone 1 Asbah
6/Setup Implementation of the web skelton - basic structure (FE) 1 Done Milestone 1 Ashah
7|Matching Criteria |Stepper Ul initialization(FE) 1 Done Milestone 2 Ashah
8|Matching Criteria |Data loading (FE) 1 Done Milestone 2 Ashah
9/Matching Criteria |Data loading - Process steps depending on PRD (FE) 1 Done Milestone 3 Ashah
10|Matching Criteria |Process steps filtering and sorting functionality (FE) 1 Done Milestone 3 Ashah
11|Matching Criteria |Criteria Steps Integration with interdependancy (FE) 1 Done Milestone 3 Ashah
12|Matching Criteria |Criteria Summary view at the last step (FE) 1 Done Milestone 3 Ashah

Figure 5.1 Division of tasks for MM GUI application

There were different features in MM GUI application. But in this section only one
main feature is highlighted which is making a new match request. The feature of making
a new match request includes:

e selection of Product details
e selection of Process steps based on the product detail
e selection of Resource pools and Layout

e sending of new Match request to server

5.1.2. Design Stage

For the design stage of MM GUI application, the selection approach proposed in section
3 has been adopted.

Requirements:
According to requirements gathering sessions mentioned above in section 5.1.1. A few
requirements gathered which were relevant to web design stage are mentioned below:
e The tool's user interface should be clean, modern, and easy to navigate. It
should provide clear instructions and visual cues for various design actions.
e The tool should provide a library of design elements, such as images, icons,
buttons, and graphics, for designers to use in their project.
e The tool should offer a selection of pre-designed templates and themes.
e Users should be able to upload their custom assets and reuse them across dif-

ferent projects.
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e Designers should have the ability to customize various design aspects, includ-
ing colors, fonts, layouts, and styles. The tool should support custom CSS
styles for advanced customization.

e The tool should allow designers to export the design project into various file
formats

e The tool should support collaboration among designers, clients, and team
members. Users should be able to share design previews and receive feedback
directly within the tool.

e There should be option of restrict access to protect user work.

Resources:

For MM GUI application, two most important resources to consider for selection of web
designing tool were budget of project and time. It was necessary to select a tool which
would offer a free plan and it was also important to adopt a tool which would be easy to
learn. Another option was to select a tool which is familiar to the team. An already famil-

iar tool will significantly help in productivity, efficiency, and collaboration.

Types of web design:

Two types of web designs were created for MM GUI to facilitate development stage. So,
the first method selected was of wireframes and the second method was low-fidelity pro-
totype, details of these web designs has already been discussed in section 3.

For wireframing of MM GUI application, paper wireframes were sketched. For paper
wireframes, pen and paper was used to draw sketches of MM GUI application. These
wireframes helped in understanding the logical flow and layout of application. These
sketches were the root of interface design. These paper wireframes saved time, energy,
and money and it was easy to share them after scanning and copies can also be printed
out if needed.

The initial wireframes of product selection, process steps selection, resource pools
and layout selection are shown in Figures 5.2, 5.3, and 5.4 respectively. These wireframes
go through an iterative process of feedback and improvements. After wireframing stage,
it was decided to create low-fidelity prototype to get a clear picture of visual design and

it was also required to create limited user interactions.
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Figure 5.3 Wireframe for Process steps selection in MM GUI application
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Figure 5.4 Wireframe for Resources and Layout selection in MM GUI application

Tool selection:
For prototyping, it was important to select right and suitable web designing tool by keep-

ing in mind the requirements and resources of the project. The tool should be easy-to-use,
efficient, and feature packed. Figma was selected for prototyping because of the follow-
ing reasons:
e Team members were already familiar with this tool. So, it saves lots of time.
e [t offers a free plan.
e Figma is a web based online tool. So, no need to install anything.
e Team members were working remotely so its real time collaboration feature
makes it easy to work together on the design.
o [t offers features like previewing and adding comments. This makes it easy to
get feedback on the design.
o [t offers a variety of pre-designed templates and libraries of design elements.

Tool usage:
Starting to design on Figma is relatively straightforward. Figma has an active community

with plenty of tutorials and resources available online. So, the first step to start working

with Figma was to visit the Figma website (https://www.figma.com/) and sign up for a
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free account. An example of Figma workspace is shown in Figure 5.5 below. After log-
ging in, user should explore the Figma interface and get familiarize with the main ele-
ments, such as the toolbar etc. Figma offers a range of design tools on the left-hand
toolbar. Tools include the frame tool, shape tool, text tool, pen tool, and more. Experi-

menting with these tools will help in understanding how they work.

Drafts | Untitled ~

Background
FSFSFS 100% ®

[J show inexports

Export - +

Ix PNG

Export Untitled

Figure 5.5 Workspace of Figma

In Figma, designs are organized using frames and layers. Frames are used to group and
contain elements of your design and layers are used to manage the hierarchy and visibility
of elements. Different design elements can be added to your canvas, such as shapes, text,
images, and icons. These design elements can be customized using fill colors, stroke
styles, shadows, and gradients. Figma supports constraints and auto layout, which make
it easier to design responsive and flexible components. Once you're satisfied with your
design, save your work by clicking the "Save" button. Figma allows you to export your
designs in various formats, such as PNG, JPG, SVG, PDF, and more.

Few examples of prototypes developed by Figma are shown below in figures 5.6, 5.7,
and 5.8.
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Figure 5.6 Prototype for Product selection feature in MM GUI application
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5.1.3. Development Stage

After creating web designs for MM GUI application using Figma tool, it was required to
select a JavaScript Ul framework and start development work. In section 4, a strategy has
been proposed for the selection of JavaScript Ul framework which can be used for the
selection of framework for the development of MM GUI application.

Requirements:
The process of requirements gathering has been discussed in section 5.1.1. All types of
functional and non-functional requirements were gathered, and they were prioritized ac-
cording to need of the project. Some of the gathered requirements relevant to the selection
of JavaScript framework are mentioned below:
e Project requires a lightweight front-end library or framework.
e [t should allow developers to build reusable and modular Ul components to
efficiently manage the application's complexity.
e Front-end framework should support real-time data updates and frequent Ul
changes.

e Framework should have large and active community.

Architecture:



46-

As discussed in section 5.1, MM GUI application needs to communicate RESTful APIs
to capability matchmaking service where data is processed, returned, and stored. For MM
GUI application, there was a need to store data in a centralized state so that data can be
shared easily between different parts of application. So, for MM GUI application it was
decided to go for either Flux or Redux architecture to maintain unidirectional data flow

in application.

Type of web application:

To maintain high interactivity and real-time updates, it was needed to develop MM GUI
application as a single page application (SPA). The main reason to select SPA was sepa-
ration of concerns. In SPA there is a clear separation between front-end and backend
development [44]. Front-end developers can work on the UI part using modern JavaScript
frameworks, while backend developers can concentrate on designing robust APIs to serve

data. This separation of concerns can lead to more efficient development workflows.

Framework selection:

Considering requirements, architecture and type of web application, React was selected
for the development of MM GUI application. React is a popular JavaScript library for
building user interfaces, while Redux is a state management library that complements
React by providing a predictable and centralized way to manage application state. When
building a SPA with React, integrating Redux can enhance your application's state man-

agement capabilities.

Result:
By following the proposed approach for the selection process, React was selected for the
development of MM GUI application. React aligned well with the specific requirements
of our project and it contributes to a more efficient development process. The learning
curve of React was manageable and developers were able to leverage their skills to
achieve project goals. The active and supportive community of React also helped in find-
ing resources, documentation, and third-party libraries that enhanced development pro-
cess. The main objective of adopting the proposed approach was to streamline the devel-
opment process and it was achieved because this approach worked well for MM GUI
application and deliver the project on time and covered all required functionalities of ap-
plication.

Some functionalities of MM GUI application are shown in figures 5.9, 5.10, and 5.11
and their prototypes are displayed in figures 5.6, 5.7, and 5.8 respectively. Final web
application seems very close to initial wireframes and prototypes of the application. For
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evaluation, design elements (colors, typography, icons, buttons etc.) in the final web ap-
plication are compared with the corresponding elements in the initial design. Besides that,
the layout and structure of the final web application is assessed against the wireframes.
The positioning of page element is also checked. The user interactions and animations
implemented in the final web application is compared with the intended interactions from
the initial design. The design consistency was maintained across different pages or sec-
tions of the final web application. Any discrepancies which can be seen between the final

web application and the initial design is due to scope changes.
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6. Discussion

Web designing tools are used to streamline the process of creating visually appealing and
interactive user interfaces for web front-end applications. By using web designing tools,
designers can enhance their workflow, collaborate more effectively, and create visually
appealing and functional front-end interfaces for websites and web applications. Simi-
larly, JavaScript frameworks are used to optimize the development process of web front-
end applications, enhance the structure of code, and provide tools and conventions for
building scalable, maintainable, and feature-rich user interfaces.

The selection process of web designing tool and JavaScript framework is an important
step. It is crucial to carefully consider the specific needs of the project and long-term
goals to make informed decisions and avoid potential issues in the design and develop-
ment process. Any misalignments can hinder development speed and negatively impact
the scalability and overall success of the web application. Imagine a team has limited time
for web designing but they decide to use a complex and feature-rich web design tool that
has a steep learning curve. Designers will find it challenging to adapt, leading to ineffi-
ciencies in the design process. On the development side, if a team is required to build an
application which should be scalable and maintainable further in future, but they ended
up using a JavaScript framework known for its performance optimizations but with a
relatively small and decreasing community. As the project progresses, the team will en-
counter compatibility issues with other tools and libraries, and the lack of community
support makes it difficult to find timely solutions. The chosen framework, although pow-
erful, comes with unnecessary overhead for the project's scope, slowing down the devel-
opment process and hindering overall scalability.

In section 3 and 4, guidelines are proposed for the selection of web design tools and
frameworks for web development. This thesis work also helped in gaining valuable in-
sights into the strengths and weaknesses of various design tools and JavaScript frame-
works, as well as their impact on the development process and end-user experience.

The proposed selection guidelines helped in the selection process of Matchmaking
(MM) GUI application. Regarding design tools, approach proposed in section 3 was fol-
lowed. This approach helped in extracting useful information for the selection of web
designing tool from the relevant project requirements, available resources for the project,
and type of web designs. After collecting this information, it was easy to select a tool
which satisfied all these criteria of the project. After careful examination, it was evident
that Figma stands out as the most suitable tool for web designing of MM GUI application.
The reason to select Figma was its real-time collaboration, team familiarity, and its fea-

tures mapping to the requirements and resources of the project.
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On the other hand, for the selection of JavaScript framework for MM GUI application
React stands out because it was satisfying the evaluation criteria based on project require-
ments, architecture, and type of web application. React was a suitable choice because it
was easy to achieve most of project requirements by following Redux architecture.

This thesis emphasizes the importance of thoughtful and informed decision-making
when selecting design tools and JavaScript frameworks. Understanding the unique
strengths of each option and aligning them with project goals will lead to more efficient
development processes and the delivery of high-quality, user-centric web applications.

The results obtained after following these guidelines were quite satisfactory. The pro-
ject was delivered on time without any unforeseen circumstances. These guidelines saved
lots of time and speed up the overall process. The chosen web designing tool demon-
strated exceptional efficiency and productivity, streamlining the design process, and fos-
tering collaboration among team members. The visual consistency was good, reflecting
the aptness of the selection approach. Likewise, the chosen JavaScript framework seam-
lessly integrated with other tools, mitigating compatibility issues. Furthermore, after com-
paring the final results of web application and initial web designs, it was evident that

selection approach was very useful and helped in meeting project goals.
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7. Conclusion

In conclusion, this thesis aimed to investigate and evaluate the selection of design tools
and JavaScript frameworks for web development. The approach was to cover different
factors that influence the web designing and development stages of a front-end applica-
tion. For selection of web designing tool, the approach proposes to extract useful infor-
mation from application requirements, available resources, identify and analyse types of
web designs required by the application, analyse the available tools to get familiarize with
their features and then select the most suitable tool for your application.

To choose a JavaScript Ul framework, the guideline proposes to consider the follow-
ing factors: requirements, select the most suitable architecture for your application, ana-
lyse the type of your web application, study available JavaScript framework to know their
key features and then choose the most suitable one.

To determine the usefulness of these guidelines, Matchmaking GUI application was
implemented. By following the proposed guidelines, Figma was selected as a web de-
signing tool and React was selected for the development of application. This selection
guideline makes it easy to achieve project's intended objectives and goals. Most of the
required features and functionalities of the project were delivered within the agreed-upon
scope, budget, and timeline.

This research work has provided valuable insights into the importance of structured
decision-making in the dynamic landscape of web development. However, further re-
search work can be performed in the comprehensive examination of how strictly adhering
to these guidelines influences the overall success and long-term maintainability of web
front-end applications. While there is recognition of the significance of guidelines in tool
and framework selection, there is a lack of in-depth investigation into the real-world im-
plications of guideline adherence. Addressing this research gap will provide nuanced in-
sights into the practical outcomes of following or deviating from established guidelines,
offering valuable guidance for developers and decision-makers navigating the complex

landscape of web front-end development tool and framework choices.
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