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of the fast-growing trend towards developing heterogeneous computing systems

such as Android, iOS, and desktops. The traditional approach of native
development requires maintaining separate codebases, thereby increasing development
costs and time to market. This paper details the development and design of a cross-
platform email application termed 1TapMail, which utilizes the Flutter framework with
Firebase services acting as its back-end infrastructure. The application utilizes one
codebase that guarantees consistency of operations and adequate performance on various
computing devices while ensuring high wuser convenience. This is achieved by
implementing basic email functionality such as authentication, sending, receiving, and
management of emails while also offering the facility of data storage. Experimental
evaluation included functional, usability, and platform compatibility testing. The proposed
framework achieved a 100% functional success rate by passing all 13 predefined test cases
and demonstrated successful deployment across android, 10S, and desktop platforms using
a single codebase. The results indicate that the proposed framework provides a reliable and
practical alternative to conventional native development approaches.
Keywords: Flutter, Firebase, Cross-Platform Applications, Email Systems, Mobile
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Introduction:

Although there have been various advancements in terms of technology over the
past few years, electronic mail (email) still remains one of the most popular modes of digital
communication [1]. However, although there are various email clients available, most of
them are designed natively, thus making their implementation quite costly and complex in
nature [2][3][4].

Cross-platform development frameworks try to solve these issues by allowing the
development of applications that can run across multiple platforms, thus eliminating the
need for developing and maintaining individual platforms. One of the leading cross-platform
development frameworks, which has gained popularity because of its speed, versatility, and
native experience, is the UI toolkit known as Flutter, created by Google Inc. In combination
with backend services offered by the Firebase platform, Flutter allows fast prototyping of
applications [5][6][7][8][9][10].

The purpose of this paper is to design and develop a cross-platform email
application using the Flutter framework and Firebase services.

But the research conducted on email systems to date has mainly concentrated on
improving performance from the server side, whereas little work has been done on the
cross-platform email client development and the effects of doing so on development effort
and deployment to multiple platforms[11][12][13]{14][1][15]. Furthermore, many of the
current cross-platform development tools have not been tested thoroughly for use in a
complete communication system like email clients.

Novelty of the Study:

Existing research has primarily focused on server-side email architectures, email
protocols, or general cross-platform application development, with limited attention given to
complete cross-platform email applications. The novelty of this study lies in the
development of an extensible Model-View-Controller (MVC)-based cross-platform
framework that integrates Flutter and Firebase to provide unified architecture for user
authentication, email management, real-time synchronization, and multi-platform
deployment through a single codebase. Unlike previous studies that mainly emphasize
backend infrastructure or generic mobile applications, the proposed framework
demonstrates a complete implementation of an email application and wvalidates its
functionality, usability, and platform compatibility across Android, iOS, and desktop
environments. The proposed framework also provides a maintainable and extensible
foundation for future research and the development of Al-enabled cross-platform email
applications and advanced intelligent communication services[14][16][17][18][19].

Research Obijectives:

The primary objective of this study is to design and implement an extensible Model-
View-Controller (MVC)-based cross-platform framework for email applications. Specifically,
this study aims to:

Design a cross-platform email application using Flutter and Firebase based on the
Model-View-Controller (MVC) architecture.

Implement core email functionalities, including wuser authentication, email
composition, synchronization, and mailbox management through a single codebase.

Evaluate the functionality, usability, and platform compatibility of the proposed
tramework across Android, 10S, and desktop environments.

Analyze the effectiveness of the proposed framework in reducing development
complexity and improving maintainability compared with conventional native development
approaches.
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Related Work:
Much research has explored email protocols and their infrastructures in depth
especially SMTP and massive email server architectures|[1][15][11][12]. They discuss various
aspects like message delivery processes, behaviors, and traffic patterns that help enhance
their back-end performance. However, they don’t consider the problems faced during cross-
platform client design and simplifying the applications’ back-end development process.

Modern email services such as Gmail, Yahoo Mail, and MS Outlook include
advanced features and are highly scalable and reliable. This is because of the massive
underlying infrastructures and platform-specific implementations. Thus, each operating
system requires its own implementation and maintenance effort, leading to increased cost
and development time.

Mobile app development across multiple platforms is a possible solution to these
problems. There have been several attempts at using frameworks like React Native and
Xamarin in the past for multi-platform implementation. The React Native framework relies
on a JavaScript bridge to communicate with native components, which could result in a
performance penalty in Ul-centric apps. Using Xamarin, code can be shared due to NET
but user interfaces need to be adapted per platform [3][4].

In contrast to the above-mentioned frameworks, Flutter translates its source code
directly to native code, while also rendering Ul via the Skia graphics library [5][6][10]. This
results in consistent behavior on different platforms and decreases the reliance on platform-
specific components. It has been observed that Flutter offers comparable performance along
with increased development efficiency in numerous applications [6].

Nevertheless, most of the studies conducted to date have concentrated either on
back-end mail server implementation or on developing generic mobile applications. Only a
few studies have considered the implementation of modern cross-platform frameworks for
communication applications such as mail client applications which require synchronization
and authentication features.

Recent studies have demonstrated the effectiveness of Flutter and Firebase in
developing cross-platform applications across various domains, including live streaming,
mobile learning, context-aware systems, sustainable web platforms, digital marketplace
solutions, and healthcare information systems [5][7][20][21][22][23][8][9][10]. Similatly,
comparative studies have shown that Flutter provides competitive performance, improved
user interface consistency, and enhanced development efficiency compared with other cross-
platform frameworks such as React Native and Xamarin|[3][4][6]. However, these studies
primarily focus on framework performance or application development in general and do
not investigate complete cross-platform email applications requiring secure authentication,
real-time synchronization, and comprehensive email management.

Furthermore, recent research on email systems has mainly concentrated on security,
email  delivery,  phishing  detection, and  Al-assisted email management
[TT]{12][13][14][18][19][1][15]. Although these studies contribute significantly to improving
email technologies, they do not address the architectural design and implementation of a
complete Model-View-Controller (MVC)-based cross-platform email application. Therefore,
a research gap still exists in developing an extensible framework that integrates modern
cross-platform technologies with unified software architecture for email applications. This
study addresses this gap by proposing and evaluating an extensible MVC-based cross-
platform email framework using Flutter and Firebase, with validation through functional,
usability, and platform compatibility evaluations.

SystemArchitecture and Methodology:

The proposed framework follows the Model-View-Controller (MVC) design pattern

to separate the user interface, application logic, and data management components, ensuring
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modularity and scalability. Figure 1 illustrates the overall research workflow adopted in this
study. The methodology consists of sequential stages, including problem identification,
literature review, system design, implementation, testing, and evaluation.

Research Problem Identification

1

Literature Review

|

Requirement Analysis

1

System Design
(MVC Architecture)

I

Framework Development
(Flutter + Firebase + PHP)

!

| System Implementation |

!

| Testing and Evaluation |

3

| Results and Discussion |

Figure 1. Research workflow adopted in this study.
Overall System Architecture:
The architecture of it consists of three primary layers: the presentation layer, the
application logic layer, and the data management layer.

Model

Firebase Database

User Data, Email Metadata :
Firebase

‘ Authentication

View Controller

Flutter Ul Application Logic,
API Calls & State Management
Login, Inbox,

Compose Screens
PHP Mail Server

I

SMTP Email Server

Figure 2. MVC-based system architecture of the proposed cross-platform email application.
The process of operation within this system starts with user authentication using
Firebase Authentication services. Once the authentication is successful, the user gains access
to the inbox and emails are pulled from the cloud database. When the user composes an
email, the controller parses the email and sends the content to the mail service located at the
server side using an HTTP request. The server handles message sending, while updating the
metadata in real time on Firebase Database and making it accessible to other connected
clients.
Model-View-Controller Design:

The MVC model consists of the Model layer that handles all the data used in the
program, like usernames, passwords, and email bodies; the View layer, which is responsible
for handling the user interface, including the login page, inbox, and email composition
interface; and the Controller layer that handles all the logic behind the application.

Backend Integration and Data Flow:

Firebase is utilized as a cloud backend for providing security features such as

authentication and storing data in real time so that mailbox contents can be automatically
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synchronized across multiple devices. The email sending process takes place using server-
side scripting through PHP installed on the hosted domain.
Design Objectives:

The primary design objectives of the proposed framework were portability,
scalability, maintainability, and consistent user experience across multiple platforms. Several
cross-platform frameworks, including React Native, Xamarin, NET MAUI, and Kotlin
Multiplatform, were considered. React Native relies on a JavaScript bridge that may
introduce performance overhead, while Xamarin and NET MAUI require the NET
ecosystem and may increase maintenance complexity. Kotlin Multiplatform supports code
sharing but still requires platform-specific user interface development. Flutter was selected
because it compiles directly to native code, provides a consistent user interface, and supports
android, 108, and desktop platforms from a single codebase. Firebase was chosen for its
integrated authentication, real-time database, and cloud services, reducing backend
development effort while supporting scalability and real-time synchronization|24].
Experimental Setup:

The proposed framework was developed using Flutter, Dart, Firebase, and PHP on a
Windows 11 system equipped with an Intel Core i5 (11th Generation) processor and 8 GB
RAM. The application was developed using Flutter SDK, Android Studio, and Visual Studio
Code, and evaluated through functional testing, platform compatibility testing, and usability
evaluation across Android, i10S, and desktop platforms.

Technologies used:
Flutter and Dart:

Flutter acts as the main framework used to develop the client-side app on different
platforms such as android, iOS, and desktop applications using a single codebase. The
widget-driven structure makes it easy to create responsive user interfaces regardless of the
screen size or OS used. The Dart programming language is utilized to build app logic, state
management, and controllers. The use of Flutter significantly simplifies the development
process without compromising performance.

Firebase:

Firebase serves as the cloud-based backend used for providing authentication and
real-time database functionality. Firebase Authentication ensures that there is secure access
to the application, while the real-time NoSQL database contains the data associated with
emails and synchronization of mailboxes across devices. This makes it possible for the
application users to get updates of their messages regardless of what platform they use,
without having to refresh the information manually.

Server-Side Technologies:

Server side sending of emails is done using scripts that are coded in PHP. This
involves the client software sending the email content information to the server in an
encrypted form of HTTP communication, after which the server processes the message and
then sends it to the destination mail server.

Implementation:

The system that has been developed includes essential email functionalities such as
email registration, login process, and email inbox, email composition, managing drafts,
sending messages, and deleting messages. This is done using Flutter, which ensures
responsive and uniform performance on both Android and i1OS devices.

Functional Implementation:

Firebase authentication is used to provide security for user authentication, whereas
the real-time database is used for storing user data and metadata of the email. In case the
user sends any command like composing or sending an email, the controller handles this
command and sends the email to the server in a secure manner using HTTP. The PHP script
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on the server side will forward this message to the destination mail server. Once done
successfully, the new email metadata is stored in Firebase.

Figure 3 illustrates the workflow of user interaction and email operations in the
proposed system, including authentication, inbox access, email composition, and message
delivery.

OPEN APP

EXISTING OR CREATE NEW

SIGN IN
NEW USER ACCOUNT

INBOX

COMPOSE OPEN MAIL

REPLY OR FORWARD

SENT
SUCCESSFULLY

Figure 3. Workflow of user interaction and email operations in the proposed system.

An example use case starts with the user logging into the system and being
authenticated. Once authenticated, the inbox displays all synchronized emails stored in the
cloud database. The user can also create an email and send it; once the email is sent, it
appears in the sent folder. The recipient gets the email through the server-side infrastructure,
and the synchronization of mailboxes for the sender and receiver is sustained on all their
devices.

User Interface Implementation:

The graphical user interface of the proposed 1TapMail application was developed
using Flutter widgets to ensure consistency and usability across multiple platforms. Figures
4-7 present the main interfaces implemented in the system.

- -

Enter Name

Enter Mobile Number
Enter Email

Enter Email

Enter Password

Enter Password Again

Sign In

Sign Up

Create an Account
Already have Account?

Figure 4. Login Screen of Figure 5. Registration Screen of
1TapMail Application 1TapMail Application

The login interface of the proposed 1TapMail application is shown in Fig. 4. This

screen allows registered users to access their accounts by entering their email address and

password. User authentication is performed using Firebase Authentication services, ensuring
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secure access to the application. The interface was developed using Flutter widgets to
provide consistent user experience across Android, iOS, and desktop platforms.

Figure 5 illustrates the registration interface of the proposed 1TapMail application.
This interface enables new users to create an account by providing their personal
information, email address, and password. Input validation mechanisms are implemented to
ensure data integrity and prevent invalid account creation. The registration process is
integrated with Firebase Authentication for secure user management.

< COMPOSE 0}

From : hammadullah@1tapmail.com

To

Subject

Compose Email

Figure 6. Inbox Screen of Figure 7. Compose Screen of
1TapMail Application 1TapMail Application

Figure 6 shows the inbox interface of the proposed application. The inbox displays
emails synchronized with the Firebase database in real time. Users can view, open, and
manage their emails through a responsive and user-friendly interface.

Figure 7 presents the compose email interface of the proposed application. This
screen allows users to create new email messages by specifying recipient details, subject, and
message content. Upon submission, the email data is securely transmitted to the server using
HTTP requests, where PHP-based services process and deliver the message to the intended
recipient.

Security Considerations:

Security is an essential element of any email system. The proposed application
utilizes Firebase Authentication to ensure that only authenticated users can access the
system. User authentication is performed using secure authentication tokens, while
encrypted client-server communication helps protect data during transmission. These
mechanisms provide a secure foundation for the proposed framework. However,
comprehensive security assessments, including vulnerability analysis, penetration testing,
threast modeling, and security performance evaluation, were beyond the scope of this study
and are recommended for future research.

Experimental Evaluation:

The proposed system was evaluated thoroughly with respect to its functional,
integrative, and usability aspects in order to confirm that it is correct, reliable, and effective.
The tests were performed on several platforms to make sure that the same results could be
obtained in different settings. The main objective of the evaluation process was to verify the
basic functionalities of the e-mail system.

Functional Testing:

The testing done was functional testing, where the aim was to check whether all the

functionality within the application met the requirements set for it. Test cases were created,
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and they focused on key modules such as authentication, inbox, email creation, draft, and
sending messages. All test cases were completed successfully without major failures.
The functional test results for the proposed system are presented in Table 1.

Table 1. Summary of Functional Test Results

Test Category No. of Test Cases | Passed | Failed
Authentication 2 2 0
Inbox Operations 5 5 0
Compose &send 3 3 0
Draft & Trash 3 3 0
Total 13 13 0

The results indicate that all functional requirements were satisfied, demonstrating the
correctness and stability of the application during normal operation.
Platform Compatibility Testing:

In order to prove that the suggested solution can be used across multiple platforms,
an evaluation of the application was conducted in Android, iOS, and desktop platforms
using one single code base. The evaluation of platform compatibility is shown in Table 2.

Table 2. Platform Compatibility and Feature Support

Platform | Supported Verified Features

Android | Yes Login, Inbox, Send/Receive

108 Yes Authentication, Compose

Desktop | Yes Inbox Access, Email Synchronization

The results confirm that the application provides consistent functionality across all
supported platforms using a single codebase, validating the effectiveness of the chosen
cross-platform development approach.

Usability Evaluation:

A usability evaluation was conducted to assess the ease of use and effectiveness of
the proposed application. Users performed common tasks, including user login, inbox
access, email composition, and message sending, The evaluation indicated that these tasks
could be completed with minimal guidance, suggesting that the application provides a simple
and user-friendly interface for everyday email communication.

Performance Observations:

The application proved to be highly responsive on all compatible operating systems
throughout the testing process. Basic functions like signing in, loading emails from the
inbox, and composing emails were performed instantly, without any lag, given normal
network connectivity. Flutter ensured seamless rendering of the UI, whereas Firebase
offered almost instantaneous data synchronization.

Although a comprehensive benchmarking test for comparing it with native
application development was out of the scope of this research, based on observations, it can
be concluded that the suggested system offers sufficient performance for conventional use
cases involving emails.

Discussion:

The results demonstrate the effectiveness of cross-platform app development using
Flutter. As opposed to native apps, the suggested approach reduces the costs of
development and support by providing a single codebase on several platforms. Although the
system performance depends on the optimization of the framework used, the overhead
experienced in normal operation has been very small and satisfactory for regular mail service.
Firebase facilitates more efficient backend implementation; nevertheless, the approach
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requires relying on cloud services. Possible future development might focus on hybrid or
hosted backends.

Though proven to be effective, the system still comes with some weaknesses. First,
since the program uses cloud-based services such as Firebase, there must be a steady internet
connection. This may prove to be challenging when the program is used in areas with limited
or unreliable connectivity. Second, the testing process largely revolves around functional
tests and usability test and does not focus much on quantitative benchmarking using native
email applications.

A comparative analysis of development approaches is summarized in Table 3,
highlighting the differences between conventional native development and the proposed
cross-platform solution.

Table 3. Comparison between Cross-Platform and Native Development Approaches

Aspect Native Development | Proposed System (Flutter & Firebase)
Codebase Multiple Single
Development Cost High Reduced
Maintenance Complexity | Higher Lower
Time-to-Market Longer Shorter
Platform Coverage Platform-specific Android, 10§, Desktop
Backend Integration Custom per platform | Simplified via Firebase

The improved development efficiency of the proposed framework is achieved
through a single codebase for Android, iOS, and desktop platforms, reducing duplicate
development and maintenance efforts. Furthermore, Firebase simplifies backend
implementation by providing integrated authentication, real-time database, and cloud
services, resulting in faster application development compared with conventional native
approaches.

Implications of the Study:

The findings of this study have practical, industrial, academic, and technological
implications. Practically, the proposed framework provides developers with a maintainable
approach for building cross-platform email applications using a single codebase. From an
industrial perspective, it can help reduce development time, maintenance effort, and
deployment costs across multiple platforms. Academically, the study contributes to research
on cross-platform software engineering by demonstrating the application of the Model-
View-Controller (MVC) architecture with Flutter and Firebase. Technologically, the
proposed framework provides a scalable foundation for the future development of
intelligent and Al-enabled cross-platform email applications.

Recommendations:

Based on the findings of this study, practitioners are encouraged to adopt modular
architectures such as the Model-View-Controller (MVC) pattern and cross-platform
development frameworks to improve software maintainability and reduce development
effort. Future developers should consider integrating advanced security mechanisms,
comprehensive performance benchmarking, and Al-enabled features to further enhance the
functionality, scalability, and reliability of cross-platform email applications.

Conclusion and Future Work:

This paper describes the implementation of a cross-platform email client app that
has been developed using Flutter and Firebase technologies. This system demonstrates the
feasibility of writing the code once and run it on Android, iOS, and desktop platforms
without sacrificing performance or introducing significant maintenance challenges.

Experimental evaluation demonstrated that the app functions as needed and that the
application provides a convenient and interactive environment for completing everyday
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messaging operations. The results indicate that a cross-platform application can be an

effective substitute for a native one.

The results of this research show that the combination of Flutter with Firebase
provides a robust technological solution for building communication applications within an
environment of limited development capabilities.

The scope of future research can include more thorough quantitative performance
testing compared to native applications, implementation of advanced security tools (such as
end-to-end encryption and multi-factor authentication), and incorporation of various other
features available in enterprise apps (e.g., filtering and analytics).
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