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Abstract

This thesis presents a comparative analysis of Flutter and native mo-
bile application development, focusing on performance metrics, resource

efficiency, and practical applicability across iOS and Android platforms.

Through a dual evaluation approach—encompassing a controlled test ap-
plication and a real-world case study (ING’s InsideBusiness App)—the
research systematically assesses key performance indicators, including
application size, launch time, CPU/RAM utilization, rendering efficiency,
and integration capabilities with platform-specific features (e.g., accelerom-
eter, camera, geolocation). Quantitative results reveal that Flutter achieves
comparable or superior Ul rendering performance to native frameworks,
particularly on iOS, with more consistent CPU usage under varying
workloads. However, Flutter applications exhibit significantly larger bi-
nary sizes and higher resource consumption during hardware-intensive
tasks, such as camera access or geolocation, especially on iOS. On An-
droid, Flutter demonstrates competitive launch times and CPU efficiency

for certain tasks but lags in memory management.

The real-world case study underscores Flutter’s potential in enterprise
settings, where hybrid development models—combining native modules
for system-level functionalities with Flutter for Ul-driven components—can
optimize maintenance efficiency and user experience. While Flutter is
a robust choice for cross-platform applications prioritizing rapid de-
velopment and UI consistency, native frameworks remain superior for

performance-critical, hardware-dependent use cases.

This work concludes with actionable insights for developers and orga-
nizations, advocating a context-driven adoption strategy that balances
development agility, user requirements, and platform-specific constraints.
The findings highlight Flutter’s evolving role in mobile ecosystems and

its implications for future cross-platform development paradigms.
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Introduction

In today’s technology-driven world, the mobile application development market is
booming. According to Statista, the global revenue from mobile apps is expected to
surpass $633 billion by 2026 (1). With over 4.6 billion mobile users worldwide and
millions of apps available in app stores (2]), businesses and developers are continu-
ously seeking more efficient tools to meet the rising demand. This market growth
has intensified the need for faster development cycles, cost-effective solutions, and
high-quality user experiences. As a result, developers are increasingly looking for
tools that streamline the development process, reduce costs, and shorten the time
to market. Consequently, cross-platform frameworks—tools that enable developers
to write a single codebase and deploy it across multiple platforms such as iOS and
Android—are receiving more attention.

One of the most prominent cross-platform frameworks today is Flutter(3)), an
open-source toolkit released by Google in 2018. Flutter has gained significant pop-
ularity in recent years and has become a leading choice for developers worldwide.
According to Apptopia Inc., the usage of the Flutter Software Development Kit
(SDK) has grown steadily, from approximately 10% of all tracked free apps in 2021
to nearly 30% of all tracked free apps in 2024. Flutter’s distinguishing charac-
teristics include its "hot reload" feature, which enables real-time updates during
development, its extensive widget library, and the easy-to-learn Dart programming
language, etc. These features accelerate the development process and distinguish
Flutter from competitors like React Native (4) and Xamarin (5)). Additionally, Flut-
ter’s ability to compile to native code and deliver near-native performance makes it

an appealing option for both consumer-facing and enterprise applications.
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Figure 1.1: Stack Overflow Popularity Trends of Flutter, React Native, and Xamarin
(2010-2024)

In this study, we aim to address the following question:

e RQ. In what scenarios can Flutter approach the performance of native mobile

development frameworks? Where can it serve as a viable alternative?

By identifying specific use cases where Flutter can be a viable alternative, orga-
nizations can make informed decisions about whether to invest in Flutter for cost-
effective, cross-platform development without sacrificing performance. This insight
helps refine the trade-offs between development efficiency and app performance in
real-world applications.

To achieve this, we adopt a two-pronged approach:

1. Empirical Comparison: We will develop sample applications using three
frameworks: Flutter, SwiftUI (for i0S) [} and Kotlin (for Android) Pl By
comparing these implementations, we aim to evaluate key performance met-
rics, including rendering time, CPU usage, and memory consumption under

different scenarios.

2. Real-World Case Study: We will examine the migration of the ING In-
sideBusiness App (a robust financial services application) ﬁﬂ from native tech-
nologies to Flutter. This case study will shed light on the practical benefits
and challenges of adopting Flutter in a corporate context, providing insights

into whether such transitions are viable and valuable for large organizations.

"https://developer.apple.com/xcode/swiftui/

’https://kotlinlang.org/
3https://play.google.com/store/apps/details?id=com.ingcb.mobile.cbportal&hl=nl
“https://apps.apple.com/nl/app/ing-insidebusiness/id989110054


https://developer.apple.com/xcode/swiftui/
https://kotlinlang.org/
https://play.google.com/store/apps/details?id=com.ingcb.mobile.cbportal&hl=nl
https://apps.apple.com/nl/app/ing-insidebusiness/id989110054

Through these analyses, we aim to uncover the relative weaknesses of Flutter com-
pared to native development approaches. Specifically, we will explore the trade-offs
in areas such as performance optimization, platform-specific features, and scalability.
By synthesizing these findings, we will present recommendations on the scenarios in
which Flutter or native frameworks are best suited. Furthermore, we will discuss
Flutter’s current limitations and consider its future potential in light of technological
advancements and evolving industry requirements.

The contributions of this essay are as follows:

e Providing a systematic comparison of Flutter, SwiftUI, and Kotlin, focusing

on their performance and integration capabilities.

e Offering a detailed evaluation of a real-world migration case, highlighting prac-

tical insights for organizations considering similar transitions.

e Summarizing the conditions under which different frameworks are most ap-

propriate and proposing a forward-looking perspective on Flutter’s evolution.
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Background

Cross-platform mobile development has been categorized in various ways in the lit-
erature (6, [7, §), reflecting different perspectives on the underlying technologies and
their trade-offs. Xanthopoulos et al. classify cross-platform app types into four
categories: Web Apps, Hybrid Apps, Interpreted Apps, and Generated Apps (7)),
distinguishing them based on execution models and their integration with native
components. Heitkotter et al. further refine the Generated Apps category by divid-
ing it into Model-Driven solutions and Cross-Compiling approaches, both of which
fall under compile-time approaches that generate platform-specific applications from
a shared codebase ([6]). This section will introduce each of these approaches in detail,

outlining their characteristics and trade-offs.

2.0.1 Web Apps

Web Apps refer to applications that run within a web browser and are primarily built
using web technologies such as HTML, CSS, and JavaScript. These applications are
not installed on the user’s device but are accessed via a URL, making them platform-
independent.Since Web Apps run in a browser, they are accessible on any device with
internet access. Updates can be made on the server side and reflected instantly for
all users without requiring manual app updates. However, Web Apps have restricted
access to device hardware and system APIs, limiting their capabilities compared to
native apps (9). An example of Web Apps is Progressive Web App(PWA), which
enable offline functionality and introduced several improvements to mitigate the
limitation of hardware use by expanding Web APIs such as Web Bluetooth API,
Web USB API and Background Sync AP (10).



2.0.2 Hybrid Apps

Hybrid Apps combine web technologies with a native wrapper, allowing them to run
inside a WebView while still having access to certain native device features. Since
Hybrid Apps leverage web technologies, they allow for faster development cycles and
easier updates compared to fully native applications like Web APPs. Additionally,
they can access native device features through plugins, providing more capabilities
than pure Web Apps. However, performance limitations arise due to the reliance
on WebView for rendering, leading to potential lag and suboptimal user experience
compared to native applications (I1l) . An example of Hybrid App frameworks is
Apache Cordova, which wraps web applications in a native shell and provides access

to device functionalities through plugins (12J).

2.0.3 Self-contained Runtime Environment Approach

The Self-Contained Runtime Environment Approach refers to cross-platform solu-
tions that embed a dedicated runtime environment within the application to in-
terpret and execute the application code at runtime (I3)). This approach uses an
interpreter or a virtual machine to execute code dynamically, which allows developers
to write applications in a single language while still accessing native Ul components.
However, this can result in runtime errors that might not be caught during develop-
ment. To reduce this risk, developers need to use additional libraries and debugging
tools (4)). An example of a Self-contained Runtime Environment framework is React
Native, which executes JavaScript code through a JavaScript engine like Hermes and

bridges interactions with native components (4)).

2.0.4 Model-Driven Development

Model-Driven Development (MDD) is an approach where applications are defined
using high-level models, and platform-specific code is automatically generated based
on these models (14). Developers work with domain-specific modeling languages
(DSLs) or visual design tools to define application logic, UI, and workflowsHowever,
it can be restrictive in terms of customization, as modifications often require adapt-
ing to the constraints of the modeling tool. An example of Model-Driven Develop-

ment frameworks is Bubble Group{]

Thttps://bubble.io/?v=b



2.0.5 Cross-Compiling

Cross-Compiling solutions allow developers to write code in a single programming

language and then compile it into platform-specific native binaries. Unlike inter-

preted or hybrid approaches, cross-compiling fully converts the source code at com-

pile time, resulting in applications that closely match native performance and behav-

10T.

However, cross-compiling may require platform-specific adjustments, as some

native features or optimizations may not be fully supported in a shared codebase.

The Flutter framework, which is the focus of this study, falls into this category.

Flutter uses Ahead-of-Time (AOT) Compilation to convert Dart code into native

machine code. We will provide a more detailed overview of Flutter’s architecture in

the subsequent chapters.

App Develop-

ment Option

Pros

Cons

Web Apps

Platform-independent, accessible

on any device, instant updates

Limited access to device hard-
ware, lower capabilities than na-

tive apps

Hybrid Apps

Faster development cycles, easier
updates, access to native device

features through plugins

Performance limitations due to
reliance on WebView, potential

lag

Self-contained

Single language, access to native

Risk of runtime errors, requires

Runtime En- | Ul components, cross-platform additional libraries and debug-
vironment ging tools

Model-Driven | Simplifies app creation, automat- | Restrictive customization, adap-
Development | ically generates platform-specific | tations to modeling tool con-
(MDD) code straints

Cross- Matches native performance, full | Requires platform-specific adjust-
Compiling compile-time conversion ments, some native features may

not be supported

Table 2.1: Summary of Different App Development Options
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Related Work

In this chapter, we review existing literature that compares the performance of
Flutter with native and other cross-platform development frameworks. The studies
discussed focus on various performance metrics, including processing time, CPU
and memory usage. By analyzing these works, we aim to identify gaps in existing
research and provide context for our own comparative evaluation.

Barros et al. (I5]) conducted a comparative study to analyze the performance of
mobile applications developed using Flutter, React Native, and native technologies
for iOS and Android. Their work focused on evaluating the processing time for
four specific functionalities: making requests to an external API, rendering the first
five items of a list, and saving/retrieving items to/from the local database. The
results indicated that native technologies (Swift and Java) were generally faster, as
expected, but there were several cases where the performance is statistically equiva-
lent. Specifically, in database operations (STORE and RETRIEVE), no statistically
significant difference was found between the three technologies on Android and iOS.

While the paper provides valuable insights into the performance trade-offs between
native and cross-platform technologies, it is limited by its narrow focus on time-
based metrics and the restricted set of functionalities tested. Our work extends the
evaluation by incorporating additional metrics such as app launch time, CPU usage
during a specific task, and memory consumption.

Bigrn-Hansen et al. (16) conducted an empirical investigation into the perfor-
mance overhead introduced by cross-platform development frameworks, with a par-
ticular focus on the communication bridge that allows cross-platform code to in-

teract with the underlying operating system and hardware APIs. Their study in-



volved benchmarking Android apps developed using five cross-platform frameworks
including Flutter against a baseline native Android app, focusing on metrics such
as time-to-completion, CPU usage, and memory occupancy during the tasks. It was
found that certain metrics showed Flutter performing well, although it still faced
performance overhead compared to native implementations. This highlights that
while Flutter can be competitive, it is essential to consider specific use cases and
metrics when evaluating its performance. For instance, Flutter achieved the best
score for ComputedRAM among the frameworks tested. Their study is limited to
Android platforms and does not explore other performance aspects, such as render-
ing time. In contrast, our work provides a broader comparison across both Android
and iOS platforms.

You and Hu (I7) conducted a comparative study on cross-platform mobile appli-
cation development by implementing a sample project using React Native, Flutter,
Xamarin, and native frameworks. Their analysis focused on multiple aspects, includ-
ing functionality, workload, development procedure, and performance, to evaluate
the strengths and weaknesses of each approach in a general way. Their analysis
focused on multiple aspects, including functionality, workload, development proce-
dure, and performance, to evaluate the strengths and weaknesses of each approach in
a general way. The study found that Flutter required the least amount of code (only
47% of the workload compared to native development), making it the most efficient
in terms of development effort. In terms of performance, native Android applica-
tions exhibited the lowest CPU and memory usage, as expected. Flutter, required
a Dart Virtual Machine at runtime, which led to decreased efficiency compared to
Native. While their work provides a holistic view of the development process and
performance of these frameworks, it primarily focuses on comparative insights rather
than detailed benchmarking of specific metrics. Additionally, their study also only
tested on Android without considering the iOS platform.

Nawrocki et al. (I8) conducted a detailed comparison of native and cross-platform
frameworks for mobile application development, including Flutter, Xamarin, React
Native, and native solutions for both Android and iOS. The study evaluated multiple
performance metrics, such as application size, start-up time, RAM usage, and CPU
usage, across both simple and advanced applications. Additionally, they assessed
background tasks, including CPU-intensive, I/O, and HTTP tasks, to evaluate the
efficiency of these frameworks under different workloads. The study found that while

Flutter has the largest memory footprint, its start-up time and overall performance



3.1 Summary

are among the best or at least comparable to other frameworks. As a result, Flut-
ter is considered the best cross-platform framework overall, given its combination
of strong performance, great developer experience, and cross-platform capabilities.
While their work shares similarities with ours, focusing on comparing cross-platform
and native solutions in terms of performance metrics, their study does not explore
platform-specific features such as camera usage, system file access, or geolocation
service. The integration capabilities are also important considerations in real-world
mobile applications. Our study addresses this gap by evaluating the performance of
these platform-specific features across both Flutter and native solutions.
Furthermore, compared to the studies above, I also explore the real-world scenario
where large enterprises and organizations migrate from native applications to the

Flutter platform.

3.1 Summary

The studies reviewed in this chapter provide valuable insights into the performance
trade-offs between native and cross-platform development frameworks, particularly
Flutter. While prior work has highlighted areas where Flutter excels, such as devel-
opment efficiency and competitive performance in certain tasks, it has also pointed
out its limitations, including performance overhead compared to native implemen-
tations. However, most existing studies are limited by their focus on either Android
or a narrow set of performance metrics. Our study aims to bridge these gaps by
offering a broader evaluation across both Android and iOS platforms, incorporating
additional performance metrics, and assessing real-world adoption scenarios. This
comprehensive approach will provide a more holistic understanding of how Flutter
compares with native development in various aspects of mobile application perfor-

mance and scalability.



3.1 Summary

Test Metric

Covered in Previ-

ous Studies

First Time in the Study

App Launch Time (Android)

(15), (I8)

App Launch Time (i0S) - v
CPU Usage (Android) (16), (I7), (18) -
CPU Usage (i0S) - v
Memory Usage (Android) (16), (I7), (I8) -
Memory Usage (i0S) - v
Rendering Time (Android) (15) -
Rendering Time (i0S) (15) -
Platform-Specific Features (Cam- | (18) -
era, Geolocation, etc.)

Real-World Scenario (Enterprise | - v

Migration)

Table 3.1: Comparison of Performance Metrics Tests in Previous Studies vs. This

Study

10




4

Flutter Architecture

Understanding the architecture of Flutter is essential for evaluating these perfor-
mance trade-offs. By examining the core components of Flutter’s architecture, this
chapter aims to provide a foundational understanding of how Flutter operates, and
why certain performance gaps exist between Flutter and native frameworks. This
understanding will lay the groundwork for the performance comparisons explored in
later sections.

The architecture of Flutter reflects the core principles of modular decoupling and
efficient rendering. By adopting a unique "bottom-up" design approach, Flutter uti-
lizes a three-tiered architecture that forms a complete cycle—from platform adapta-
tion to Ul rendering (see Fig. . The architecture includes three main layers: the
framework, the engine and the embedder. Below is a detailed explanation of these

components and how they work together to power a Flutter application.

4.1 Framework Layer

The Framework layer is built using the Dart programming language and provides
a rich set of libraries and tools that facilitate the development of Flutter applica-
tions. It sits between the developer and the underlying engine. The Framework
layer provides two design systems: Material (adheres to Google’s Material Design
guidelines) and Cupertino (aligns with Apple’s Human Interface Guidelines for i0OS
and macOS). In addition to these predefined design systems, Flutter offers develop-
ers the flexibility to create fully custom components, independent of the Material

or Cupertino libraries. Flutter’s Ul is built using a widget-based system, where

11



4.2 Engine Layer

e rk Material Cupertino
Dart
Widgets
Rendering
Animation Painting Gestures

Foundation
Engine Service Protocol Composition Platform Channels
C/C++

Dart Runtime Mgmt Frame Scheduling Asset Resolution
Frame Pipelining Text Layout

Embedder

Platform-specific

Figure 4.1: Flutter Architectural layers(19)

everything—from layout elements to user interface components—is represented as a
widget. It allows developers to create highly flexible and dynamic Uls by composing
complex layouts from simple, reusable building blocks.

As aresult, Flutter’s architecture allows for the creation of highly customizable and

scalable Uls that maintain a consistent user experience across multiple platforms.

4.2 Engine Layer

The Flutter engine is written in C++ and serves as the core driving force behind
the framework, responsible for rendering and handling platform interactions.
The engine is composed of several key modules that enable Flutter to run efficiently

across multiple platforms. These modules include:

1. Impeller Rendering Flutter’s Impeller rendering engine is responsible for
rendering graphics and visual elements to the screen. Impeller is designed to
be highly efficient and platform-agnostic, ensuring consistent rendering per-

formance across Android, iOS, and other platforms. This modern graphics



4.3 Embedder Layer

rendering pipeline ensures smooth Ul experiences and leverages the GPU for

hardware-accelerated rendering.

2. Dart Runtime Environment The engine includes a runtime environment
that executes Dart code. It supports both Just-in-Time (JIT) compilation dur-
ing development, which enables hot reload functionality, and Ahead-of-Time
(AOT) compilation for optimized performance in production builds. JIT com-
pilation enhances the developer experience by allowing quick code iteration,

while AOT compilation improves startup times and runtime performance.

3. Platform Channels The Engine layer plays a pivotal role in this commu-
nication. It integrates with a specific platform using the Engine’s Embedder
API, which allows Flutter to interface with the underlying platform. Through
this integration, the Engine can interact directly with platform-specific APIs,

exposing these capabilities to the Flutter framework via the dart:ui API.

4. Rendering Pipeline The engine layer efficiently manages the rendering pipeline,
which involves several stages of frame processing: Animation computation —
Widget tree construction — Layout calculation — Draw command generation

— Layer composition — GPU submission.

4.3 Embedder Layer

The Embedder layer serves as the foundational support layer in Flutter’s architec-
ture, written mostly in C/C++, and is primarily responsible for handling platform-
specific adaptation tasks. It provides the necessary interfaces to facilitate commu-
nication between Flutter applications and the underlying operating systems.

Key responsibilities of the Embedder layer include:

e cnabling Flutter to communicate with native platform services and platform-

specific APIs that allow integration with native services.

e managing the event loop, ensuring that user interactions, system events, and

rendering tasks are handled in an efficient and synchronized manner.

13



4.4 Performance Implications

4.4 Performance Implications

4.4.1 Rendering

Cross-platform frameworks typically rely on an abstraction layer that builds on
top of native system Ul widget libraries to achieve consistent visual effects across
platforms. However, this approach introduces additional performance overhead, as
the abstraction layer must interface with the underlying native components. To
address this challenge, Flutter bypasses the system UI widget libraries entirely,
opting instead for its own custom widget set. The Dart code that defines the visuals

of the application is compiled directly into native code, using Impeller for rendering.

4.4.2 Platform Channel

Platform Channels are critical for enabling Flutter applications to interact with
platform-specific functionalities, but they also introduce potential performance over-
head. The communication between Dart code and native code occurs via serialized
messages that are sent through a communication bridge. This serialization and de-
serialization process adds latency and can impact the overall performance, especially
in scenarios that require frequent or large-scale data transfers between Flutter and
native components.

The performance gap between Flutter and native applications can, in part, be
attributed to this communication layer. Native applications, in contrast, have direct
access to platform APIs, eliminating the need for an additional communication layer.
As such, Flutter applications that rely heavily on Platform Channels may experience
slower response times, especially for tasks that require real-time processing, such as
sensor data collection or complex device interactions.

While Platform Channels are essential for accessing native features that Flutter
does not directly support, their usage must be carefully managed to minimize per-
formance degradation. Optimizing the frequency and size of data exchanges, as well
as ensuring efficient serialization, can help mitigate some of the performance costs

associated with this mechanism.

14



4.4 Performance Implications

4.4.3 Flutter Engine Initialization

When a Flutter application starts, the engine and the Dart Virtual Machine (VM)
need to be initialized, which, even in Ahead-Of-Time (AOT) mode, may lead to a
slightly longer cold start time compared to lightweight native applications.

4.4.4 Memory Management

Native applications benefit from direct control over system memory management
mechanisms, such as Android’s ART or iOS’s ARC, allowing fine-tuned memory
allocation. In contrast, Dart uses a generational garbage collection (GC) system,
which can result in unpredictable GC pauses, particularly on lower-end devices.

These pauses can lead to noticeable stuttering or delays in user interactions.

15



5

Experiment Setup

5.1 Test Application

To evaluate the performance of Flutter and native development frameworks (Swift
for i0OS and Kotlin for Android), we developed a test application using each tech-
nology. The app consists of two pages designed to address two specific scenarios: Ul

rendering and integration capabilities.

5.1.1 UI Rendering

The first page of the Ul is a list view, consisting of a column of images and labels.
Each row contains an image aligned to the left and a label positioned to the right.
To ensure a fair comparison, the design specifications, including image dimensions
and font sizes, are standardized across all implementations.

Our motivation for this interface stems from its similarity to real-world app func-
tionality, such as Instagram, RedNotes, and X (formerly Twitter). Image-and-text
lists are widely used to display posts, notifications, and messages in social media
apps. Such layouts effectively balance visual elements and textual information, mak-
ing them both user-friendly and informative. We aimed to capture the essence of
these layouts while keeping the experiment simple enough to focus on core elements:
image widgets, label widgets, and list widgets.

To eliminate interference from external factors, such as the influence of network
requests and internet speed, all images are stored locally in the app’s resources
and labels are populated with a fixed string. This ensures consistency and avoids

variations caused by dynamic generation.

16



5.1 Test Application

In a performance analysis by inVerita Company (20), a list view containing 1,000
items was used to compare Flutter and native development approaches. The findings
revealed that, on both iOS and Android platforms, the average frames per second
(FPS) were comparable between Flutter and native applications. However, on i0S,
the Flutter application exhibited approximately twice the CPU usage and consumed
double the memory compared to its native counterpart. On Android, Flutter’s CPU
and memory usage were closer to native performance but still higher.

Interestingly, in (2I)), the author tested a list with only 20 items and found that
Flutter’s performance was comparable to native applications on both platforms in
terms of CPU usage. This suggests that the performance differences between Flutter
and native frameworks may become more pronounced with larger datasets.

Therefore, we tested our application’s list with three dataset sizes: 50, 100, and
1000 items. Evaluating across these varying dataset sizes allows us to assess how
effectively each framework manages rendering performance under different levels of

complexity.

Flutter Sample App

i0S Sample App

Lorem ipsum dolor sit

amet, consectetur
adipiscing elit, sed do
eiusmod tempor
incididunt ut labore et
dolore magna aliqua.

Lorem ipsum dolor sit
amet, consectetur
adipiscing elit, sed do
eiusmod tempor
incididunt ut labore et
dolore magna aliqua.

Lorem ipsum dolor sit
amet, consectetur
adipiscing elit, sed do
eiusmod tempor
incididunt ut labore et
dolore magna aliqua.

o

Lorem ipsum dolor sit
amet, consectetur
adipiscing elit, sed do
eiusmod tempor
incididunt ut labore et
dolore magna aliqua.

Lorem ipsum dolor sit
amet, consectetur
dipiscing elit, sed do
eiusmod tempor
incididunt ut labore et
dolore magna aliqua.

Lorem ipsum dolor sit
amet, consectetur
piscing elit, sed do
smod tempor
incididunt ut labore et
dolore magna aligua.

Figure 5.2: i0OS App Implemented
with Swift

Figure 5.1: iOS App Implemented
with Flutter
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5.1 Test Application

5.1.2 Integration Capabilities

The integration capabilities evaluation focuses on testing how well each framework
interacts with platform-specific hardware and OS features. Since Flutter uses a
bridge to access these native capabilities, it is essential to assess how seamlessly
Flutter integrates with the hardware and OS compared to native development.

Evaluating every possible feature presents several challenges. Some features re-
quire extensive or non-standard setups, while others are influenced by external fac-
tors such as network conditions. Additionally, the performance of certain platform-
specific features can vary significantly between iOS and Android due to differences
in how each platform implements hardware and OS functionalities. Consequently,
we exclude features that are difficult to validate and complex, such as biometric
authentication and network requests.

The evaluation considers five key integration capability benchmarks based on com-

monly used real-world features (16)):

e Accelerometer: The accelerometer plays a crucial role in detecting device
movement and orientation changes, making it essential for applications that
track motion, orientation, or gestures. It is commonly used in fitness apps and
gaming applications that rely on tilt or shake-based interactions. In our mea-
surement, we record the time from when the sensor listener is registered until
five consecutive accelerometer readings are detected, after which we unregis-
ter the listener. Additionally, we set the sensor sampling rate to the smallest
possible interval (0.01 seconds) to minimize manual delays that could impact

measurement accuracy.

e File System Access: Accessing the file system is essential for applications that
need to retrieve data locally, particularly for bulk data access, such as docu-
ment readers or media players. In our evaluation, we focus only on the read
operation, as it is most critical for scenarios where large amounts of data
need to be accessed. In many real-world applications, file reading operations
typically involve sizes ranging from a few MB to several tens of MB, with
10MB being a common test scenario for media apps (e.g., video/audio players,
e-book readers) or apps handling large data storage (e.g., document manage-
ment, cache files). We read a test file (around 10MB) from local storage and

measure the time it takes to decode the string in the file and store it in memory.
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e Camera Usage: The camera functionality is vital for any app that allows users
to capture photos or videos, such as social media platforms or document scan-
ning apps. To evaluate the performance, we measure the time-to-completion
for launching the camera controller and making it ready for picture or video
capture, excluding the time to open the preview window. This ensures that

the focus remains on the actual preparation time of the hardware.

e Geolocation: Accessing the device’s geolocation is crucial for apps providing
location-based services, such as navigation apps or location-sharing features.
We measure the time it takes to fetch the current geolocation (latitude and
longitude) and evaluate the CPU usage during this process, which can impact

the app’s performance, especially in location-intensive applications.

e Contact List Access: Accessing the contact list is a common feature in messag-
ing apps, dialers, or apps that need to interact with a user’s address book. In
our evaluation, we access the contacts list on the device and add a new contact.
We measure the time it takes to add a new contact to the list. Additionally,

we evaluate the CPU usage and RAM usage during the operation.

Notably, for the measurements, we exclude the processes of granting permissions
or displaying content such as the fetched contact list. Granting permissions is a
manual action that does not vary significantly across platforms, and the display
process is considered user feedback, which does not directly relate to the platform’s
integration capabilities. The focus is solely on how the frameworks handle the

backend interactions with the hardware and OS features.

5.2 Experiment Setup

To ensure a consistent and fair comparison between Flutter and Native mobile appli-
cations, we implemented four versions of the sample application described in Chapter
Bl These included Flutter i0S, Flutter Android, Native iOS (using Swift), and Na-
tive Android (using Kotlin). The development environment utilized the latest stable
versions of the respective tools and frameworks to maintain compatibility and reli-
ability during the experiments. Specifically, Flutter 3.27.2 and Visual Studio Code
1.96.3 were used for developing Flutter applications, while Android Studio 2024.2.1
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(Ladybug) with Android SDK version 35.0.0 was employed for Native Android de-
velopment. For Native iOS applications, Xcode 16.2 was used.

The experiments were conducted using two modern and commonly available mo-
bile devices: an iPhone 12 with 4GB RAM running iOS 18.1.1 and a Samsung Galaxy
524 with 8GB RAM running Android version 14. These devices were selected be-
cause they represent some of the most common hardware on the market, ensuring
the results reflect performance on widely used devices. All tests were executed on
a MacBook Air M2 equipped with 16GB RAM and running macOS Sonoma 14.6.
This standardized environment provided a consistent platform for development and
testing.

For performance measurement, Xcode Instruments was used to analyze both the
Flutter iOS and Native iOS applications, while Android Studio Profiler and An-
droid Debug Bridge (ADB) were used for the Flutter Android and Native Android
applications. Employing the same measurement tools for both Flutter and Native
applications on their respective platforms minimized the risk of tool-induced discrep-
ancies and ensured the comparability of the results. The metrics evaluated included
launch time, CPU usage, and memory consumption. As these metrics ultimately
reflect the consumption of underlying device resources, it is both appropriate and
authoritative to conduct the tests using the platform-specific measurement tools
provided by Apple and Google.

All tests were conducted using release builds running on physical devices. Debug
builds and simulators were avoided to ensure the results closely replicate production

environments.

5.3 Performance Metrics

5.3.1 The application size

To compare the application sizes between Flutter and Native implementations, we
focused on the unpacked application files for both platforms. For iOS, the size of
the .app folder was measured instead of the .ipa file. Similarly, for Android, the size
of the .apk file was analyzed rather than the download size.

It is important to note that the actual download size of an application is typi-
cally smaller than the sizes measured in our experiments. This discrepancy arises

because app stores apply compression techniques to the application packages before
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distribution (22)). By measuring the unpacked size of the application files, we aimed
to eliminate variations introduced by platform-specific packaging and focus on the
inherent resource usage of the applications themselves.

Additionally, a detailed analysis of the package size was conducted, particularly
for Flutter applications. Using Flutter DevTools, we examined the components con-
tributing to the overall size, paying special attention to the engine and framework
overhead introduced by Flutter to support cross-platform development. This analy-
sis is crucial to understanding the trade-offs between development convenience and

the additional storage requirements imposed by the Flutter framework.

5.3.2 Launch Time

The launch time of an application is a critical metric that reflects the user’s initial
experience. In this study, launch time is defined as the duration from the initiation
of the application process to the presentation of the initial frame (Initial Frame
Rendering) (23)). This interval typically represents the cold start phase, during
which the application transitions from process creation to fully rendering the user
interface for interaction.

For iOS applications, the launch time was analyzed in stages using Xcode Instru-

ments. The stages include the following;:

1. Process Creation: The operating system allocates resources and starts the

application process.

2. System Framework Initialization: The necessary system and additional depen-

dencies are loaded.

3. UIKit Initialization and Scene Creation: This stage involves initializing the

application’s Ul and preparing it for interaction with the UIKit framework.

4. Initial Frame Rendering: Finally, the interface is fully rendered, and the user

can view the first frame of the application.

For Android applications, the metric of interest is Time to Full Display (TTFD)
(24). TTFD is defined as the duration from the moment the system receives a launch
intent until the application completes the reportFullyDrawn() call. This call sig-

nifies that the interface has been fully rendered and is ready for user interaction.
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Similar to the iOS measurement, TTFD captures all critical stages of the applica-
tion’s startup process, providing a comprehensive view of launch performance.

Unlike the manual process used for iOS, the measurement of TTFD on Android
was automated and standardized using the Jetpack Macrobenchmark library. This
library provides robust tools for benchmarking Android applications and allows for
precise and repeatable measurements. The automation process ensured consistency
across multiple test iterations by eliminating human error. Tests were conducted
in cold start mode, where the application process was terminated and restarted for
each iteration to fully capture the startup sequence.

The automated approach not only improved efficiency but also allowed for the col-
lection of data over multiple iterations (e.g., 10 runs) to compute statistical metrics

such as the median, maximum, and minimum launch times.

5.3.3 Rendering

Rendering performance was evaluated on the first screen of the application, a list
page displaying a series of images and text. This test aimed to simulate a typical
user interaction scenario, where the user scrolls through the list at a consistent
speed, browsing the displayed content. During this interaction, we measured one key
metric: CPU usage, to assess the rendering efficiency of the application. The choice
to focus solely on CPU usage was driven by its relevance to rendering smoothness
and real-time responsiveness, which are critical factors in user experience. High
CPU usage often causes frame drops or stuttering in the rendering pipeline, as the
system fails to process and render frames within the expected time intervals.

To evaluate rendering performance across varying workloads, we tested three dif-
ferent dataset sizes: 50 items, 100 items, and 1000 items. Initially, the same scrolling
speed was used across all datasets. However, we observed negligible differences in
CPU usage for larger datasets when using the same speed. To address this, we
increased the scrolling speed for the larger datasets, enabling a more meaningful
comparison. Consequently, the results reflect the rendering performance under dif-
ferent scrolling speeds rather than purely dataset sizes, providing insights into the
system’s ability to handle more intense rendering scenarios.

For i0S applications, the Activity Monitor tool in Xcode Instruments was used
to track CPU usage. However, based on our practical experience and as referenced

in related research (I8, 21)), recording data from Instruments is challenging, as it
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Figure 5.3: A screenshot of a trace file: CPU usage data from one specific run

recorded using Xcode Instruments

does not provide exportable data in an analyzable or readable format. As a result,
CPU usage was manually recorded from the detail pane of the Xcode Instruments
application. Data points were sampled at approximately 1-second intervals during
the scrolling session, as illustrated in the example data shown in Figure 5.3 Ad-
ditionally, we focus only on the CPU usage of a specific process associated with
our running application, rather than the total system load. This ensures that the
reported CPU usage reflects only the computational resources utilized by the appli-
cation itself, rather than external system processes.

It is important to note that the recorded CPU total load values often exceeded
100% and, in some cases, reached over 200%. This behavior is expected because the
CPU total load represents the aggregate usage across all six cores of the iPhone 12
processor. To ensure clarity and consistency, the recorded values were normalized
in the final dataset by dividing them by 600% (the maximum theoretical load for
six cores). This normalization step converts the CPU load values to the standard
100-based scale commonly used in performance analysis.

For Android applications, rendering performance was evaluated using a combi-
nation of automated scrolling actions and real-time CPU usage monitoring. To

streamline the process and ensure consistency across test runs, the ADB tool was
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employed alongside a custom Python script. The script automated the entire testing
workflow, including initiating scrolling actions and collecting CPU usage data.

By automating the scrolling actions and data collection, this approach minimized
human error and ensured repeatability across test runs.

To enhance reliability and maintain consistency, the test was conducted iteratively
until each application accumulated 100 recorded data points per dataset. The results
were analyzed to compute key statistics, including median, maximum, and minimum

CPU usage values during the rendering process.

5.3.4 Integration Capabilities

We evaluate three critical performance indicators through controlled experiments:

e Time to Completion(TTC): Measured as the duration between task ini-
tiation and memory-ready state of processed data, excluding Ul rendering
latency. For statistically robust results, each task is executed 100 times under

standardized conditions.

e CPU & Memory Utilization: Similarly, measurements are taken during

pure computational phases, eliminating display operations and logging over-
head.

For each feature, we run the tests 100 times. We use Activity Monitor in

Instruments for iOS and ADB tools for Android to collect performance data.

For TTC and CPU usage metrics, we adopt a systematic approach to data compar-
ison to ensure the accuracy and reliability of our analysis. First, we use histograms
to examine the normality of the data and determine whether it follows a normal
distribution. At the same time, we apply the Levene test to assess homogeneity of
variance, ensuring that the variance between different groups is equal (25)).

Based on the characteristics of the data, we select the appropriate statistical test:

e If the data follow a normal distribution and have equal variance, we use the

independent samples t-test for comparison (26]).

e If the data do not have unequal variance, we apply the Welch’s t-test (27) to

ensure robustness.
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When analyzing the results, if p < 0.05, we reject the null hypothesis and conclude
that there is a significant difference between the two groups.

Finally, in our report, we explicitly state the test method used and present the
relevant statistical indicators, including the p-value and effect size (such as Cohen’s
d (28)), to provide a comprehensive statistical analysis.

For RAM usage, we adopt a straightforward approach by recording the peak RAM
consumption across 100 runs, identifying the highest recorded value to compare

memory efficiency between implementations.
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6

Evaluation Result

Chapter 4] has introduced the architectural characteristics of Flutter framework. In
particular, we have discussed how Flutter’s rendering engine, Dart runtime, and
platform channels contribute to its cross-platform capabilities. While Flutter en-
ables faster development with a single codebase, questions remain regarding its
performance compared to fully native implementations.

This chapter presents the quantitative evaluation result of Flutter and Native
applications across key performance metrics. Our analysis focuses on the following

aspects:

1. Application Size: How much storage does a Flutter app require compared to

a Native app?

2. Launch Time: Does Flutter introduce a noticeable delay when starting an

application?
3. Rendering Performance: How efficiently does Flutter handle UI updates?

4. Integration Capabilities: How well does Flutter interact with platform-specific

components

To ensure a comprehensive evaluation, we measure these metrics on both iOS
and Android platforms and examine their behavior across varying dataset sizes and
workloads. The results provide insights into whether Flutter’s abstraction layer
impacts real-world performance and under what conditions its trade-offs become

more or less significant.
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6.1 The application size

By the end of this chapter, the reader will have a clear understanding of Flutter’s
performance relative to Native development, as well as practical insights into when

and where Flutter can be a viable alternative.

6.1 The application size

One key consideration when evaluating cross-platform frameworks like Flutter is
their impact on application size, primarily due to the inclusion of additional run-
time components and dependencies required for cross-platform capabilities. While
Flutter offers the advantage of a single codebase for both iOS and Android, this
benefit comes with a trade-off: significantly larger app binaries compared to native
counterparts.

As shown in Table [6.1] the size of the Flutter application is significantly larger
than its Native counterpart on both iOS and Android. On iOS, the Flutter app
is 28.5 MB, which is 27.2 MB larger than the 1.3 MB Native app. Similarly, on
Android, the Flutter APK is 16.8 MB, exceeding the Native APK size by 10.2 MB.

Fr
amework Flutter | Native
Platform
iOS 28.5 1.3
Android 16.8 6.6

Table 6.1: Comparison of App Sizes (in MB) Between Flutter and Native Implemen-
tations on iOS and Android

To further illustrate the factors contributing to the larger application size, we
will take the iOS platform as an example. The following factors contribute to the

increased size of Flutter applications on iOS, as shown in Fig[6.1}
1. Flutter Framework

e Size Contribution: Approximately 10 MB

e The Flutter.framework forms the core of the Flutter engine. It is re-
sponsible for rendering the user interface (UI) and managing the event
loop. This foundational library significantly adds to the overall size of

the Flutter application.
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Flutter.framework libswiftCore.dylib (5.8

App.framework (5.0 MB)
(10.3 MB) MB)

libswiftFoundation.dylib
(2.9 MB)

Figure 6.1: A treemap visualization showing the composition of the Flutter appli-

cation’s framework size on 10S. Key components include the Flutter.framework (10.3
MB), App.framework (5.0 MB), and several Swift dynamic libraries. Third-party plu-

gins contribute smaller, yet cumulative, increases to the total size.

2. Dart Ahead-of-Time (AOT) Compilation

e Size Contribution: Approximately 5 MB.

e The App.framework contains the precompiled Dart code and related data.
Within this framework, Dart AOT symbols alone contribute around 4
MB. This precompilation ensures that Dart code runs efficiently on the

device but also increases the application size.
3. Third-Party Plugins

e Size Contribution: Varies by plugin.

e Flutter plugins that enable platform-specific functionalities also add to
the size, such as path provider foundation.framework(137 KB), cam-
era_ avfoundation.framework (329 KB), and contacts _ service. framework (220
KB). Each plugin introduces additional code, resources, and dynamic li-

braries, cumulatively increasing the package size.

6.2 Launch Time

Application launch time is a critical performance metric that directly impacts user
experience. Faster startup times enhance responsiveness, making an application feel

more seamless and efficient. In this section, we analyze the cold launch times of
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Flutter and Native applications on both iOS and Android to assess how Flutter’s
architecture influences startup performance.

From the results shown in Figure [6.2] it can be observed that the launch time
difference between iOS Flutter and iOS Native is relatively small. In fact, the
minimum launch time of i0S Flutter (760 ms) is slightly lower than that of iOS
Native (910 ms). Both frameworks exhibit a similar median launch time, indicating
that, on average, their startup performances are quite similar. Additionally, iOS
Flutter has a lower maximum launch time (1250 ms) compared to iOS Native (1320
ms).

For the Android platform, the difference between Native and Flutter applications is
much more pronounced. Android Native significantly outperforms Android Flutter,
with a median launch time of 183.6 ms compared to 406.3 ms for Flutter. The
disparity is also evident when analyzing the minimum (170.9 ms vs. 388.8 ms) and
maximum (212.1 ms vs. 433.6 ms) launch times.

Overall, Flutter does not impose a significant startup overhead on iOS, and in some
cases, it may even be slightly more efficient in certain launch scenarios. However,
its impact on Android launch times is more considerable, potentially necessitating
further optimizations. This considerable delay could be attributed to the additional
initialization overhead, including Dart VM startup, framework rendering setup, and

plugin loading.

6.3 Rendering

Rendering efficiency plays a crucial role in ensuring a smooth user experience, par-
ticularly when handling dynamic content or large datasets. To assess how Flutter
compares to Native implementations, we measured CPU utilization while rendering

datasets of varying sizes.

6.3.1 iOS

For a dataset of 50 items, the average CPU utilization of the Flutter iOS app is
3.22%, with a standard deviation of 1.60%, whereas the Native iOS app exhibits an
average CPU utilization of 2.86%, with a standard deviation of 1.17%. Both Flutter
and Native apps demonstrate comparable CPU utilization on the iOS platform for
both the 50-item and 100-item datasets (see Fig. [6.3)).
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Figure 6.2: Comparison of cold launch times for Flutter and Native applications on
iOS and Android

However, as the dataset size increases, the CPU utilization of Native applications
tends to rise more significantly. For the 100-item dataset, the average CPU uti-
lization of the Flutter app increases to 4.35%, with a standard deviation of 0.61%,
while the Native app reaches an average CPU utilization of 6.83%, with a standard
deviation of 0.30%. This trend suggests that Flutter may offer more efficient CPU
utilization, particularly for smaller datasets, compared to Native applications. Ad-
ditionally, Flutter’s consistency in CPU usage across varying dataset sizes may be

beneficial in scenarios where memory and resource efficiency are crucial.

6.3.2 Android

For Android, across all datasets, the Flutter application consistently consumes more
CPU resources than the Native application (see Fig. [6.4). For the smaller dataset of
50 items, the Flutter application demonstrates the largest disparity and variability
in CPU usage compared to the Native application. The median CPU usage for
Flutter is approximately 3.1%, while Native CPU usage is significantly lower at
around 2.2%. Additionally, Flutter exhibits greater variability, with CPU usage
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Figure 6.3: Comparison of CPU Usage Between Flutter and Native Applications for
Different Dataset Sizes on i0OS

spanning from approximately 0.5% to 5.8%, compared to Native’s narrower range
of 1.1% to 3.2%.

However, as the dataset size increases, the difference in CPU usage between Flutter
and Native applications becomes less pronounced. For the 1000-item dataset, the
difference in median CPU usage narrows to less than 0.5%, indicating that Flutter’s
scalability improves under larger workloads.

Overall, while Flutter exhibits a slight disadvantage in rendering performance
compared to Native, the difference is minor and unlikely to have a noticeable impact
on user experience. For most use cases, these differences are negligible, and users

would not perceive any significant performance gaps during application interaction.

6.4 Integration Capabilities

In this section, we will analyze the performance differences between Native and
Flutter applications in terms of five key features, specifically comparing the Time-
to-Complete (TTC), CPU usage, and RAM usage metrics across two different plat-
forms. For each set of data, we will use Native as the baseline for comparison and

evaluate Flutter’s performance in relation to this baseline.
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Figure 6.4: Comparison of CPU Usage Between Flutter and Native Applications for
Different Dataset Sizes on Android

To assess whether the T'TC differences are statistically significant, we will employ
either a t-test or Welch’s t-test, depending on the distribution characteristics of
the data. The p-value from these tests will indicate whether the means of the
two groups—Native and Flutter—are significantly different. However, while the p-
value tells us about statistical significance, it does not provide information about the
magnitude of the difference. A large sample size, for example, may yield a significant
p-value even when the actual difference between the two groups is negligible.

To address this limitation, we will also calculate Cohen’s d to quantify the size of
the observed differences. Cohen’s d complements the t-test by offering a measure of
practical significance. If a significant p-value is accompanied by a small Cohen’s d
(e.g., 0.1), it suggests that while the difference between the two groups is statistically
significant, the practical implications may be minimal.

We will begin by discussing the performance of Flutter and Native applications in
accessing each of the five features across different platforms. Following the detailed

comparison of each feature, we will provide a holistic summary of our findings.
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Figure 6.5: Overall comparison of CPU usage per feature per framework on iOS

6.4.1 Accelerometer
6.4.1.1 Time-to-Completion for Accelerometer

In Table [6.2] the results show a stark contrast in TTC for the accelerometer task
between Flutter and Native applications on both Android and iOS platforms. Flut-
ter consistently exhibits significantly longer completion times, with large Cohen’s d

values confirming the practical significance of these differences.

6.4.1.2 CPU usage for Accelerometer

As shown in Fig [6.5 Native applications utilize fewer CPU resources than Flutter
applications on iOS, with Flutter demonstrating a wider spread in usage, including
higher maximum values. Native consistently stays below 10%, while Flutter reaches
up to 20%. However, on Android (see Fig, both Native and Flutter applications
perform similarly in terms of CPU usage, remaining around 8% or lower, with shared

maximum and minimum values.

6.4.1.3 RAM usage for Accelerometer

It is observed in RAM usage (see Fig|6.7]), where Flutter consumes significantly more
RAM than Native on i0S—82 MB more. On Android (see Fig[6.8]), Flutter also uses
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Figure 6.6: Overall comparison of CPU usage per feature per framework on Android

21 MB more RAM than Native. These results indicate that Native applications are

more efficient in resource usage, both in terms of CPU and RAM, across platforms.

Mean Max Min SD Statistical p-value Cohen’s d

test
10S Flutter 797 808 795 1.87 | Welch’s t-test  <.001 331.36
10S Native 49 72 44 257 - - -
Android Flutter | 640 646 635 1.77 T-test <.001 374.05

Android Native 17 22 14 1.54 - - -

Table 6.2: Time-to-Completion(millisecond) results per platform on accelerometer

task, comparing Native and Flutter applications.

6.4.2 Camera

6.4.2.1 Time-to-Completion for Camera

In Table [6.2] the results show a stark contrast in TTC for the camera task between
Flutter and Native applications on iOS platform. Flutter exhibits a significantly
longer mean TTC of 247.87 ms, demonstrating a wide range of completion times.
In contrast, Native applications have a mean TTC of just 5.85 ms, highlighting

a significant difference in performance. The Welch’s t-test also indicates a highly
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Figure 6.7: Overall comparison of peak RAM per feature per framework on iOS

significant difference between Flutter and Native on iOS (p < 0.001), with a large
Cohen’s d value of 1.28, confirming the practical significance of this gap.

On Android, Flutter performs slightly better on average, with a mean TTC of
24.95 ms, while Native applications have a mean TTC of 30.70 ms. Although Flutter
exhibits a lower mean TTC, the Welch’s t-test indicates no significant difference
between Flutter and Native on Android (p = 0.017), and the Cohen’s d value of -0.34
suggests that the difference is not practically significant. This indicates comparable
performance between Flutter and Native on Android in terms of TTC.

It is also notable that for both Android and iOS platforms, Flutter exhibits higher
variability in T'TC, as reflected by its larger standard deviations, which could affect

user experience.

6.4.2.2 CPU usage for Camera

Figures [6.5] and reveal the CPU usage for the camera task on both iOS and
Android platforms. On iOS, Native application utilizes less CPU usage compared to
Native applications in general and stays below 5%. In contrast, Flutter application
can exceed over 10%. This disparity suggests that Flutter incurs additional overhead
for camera tasks on iOS.

Flutter shows a noticeably higher CPU utilization compared to Native. The min-

imum CPU usage for Flutter is above 12%, and the maximum reaches 30% or even
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Figure 6.8: Overall comparison of peak RAM per feature per framework on Android

higher. The spread of the data for Flutter is also much wider, with the interquartile
range (IQR) extending over 10%. This indicates that Flutter experiences higher
variability and occasional CPU spikes during the Camera task. In contrast, Native
applications maintain a much lower and more consistent CPU usage, with values

consistently staying below 9%. The Native CPU usage has a very narrow IQR.

6.4.2.3 RAM usage for Camera

On i0S, Native applications use significantly less RAM for the Camera task, with a
peak value of 14 MB, while Flutter uses 103 MB, reflecting a substantial difference
in resource consumption. Similarly, on Android, Native applications peak at 162
MB, whereas Flutter uses 196 MB, again demonstrating higher memory usage for
Flutter.

6.4.3 Contacts Access

6.4.3.1 Time-to-Completion for Contacts Access

In Table [6.4] the TTC results for accessing contacts reveal notable differences be-
tween Flutter and Native applications on iOS. Flutter demonstrates a significantly
higher mean TTC (17.21 ms) with a higer SD compared to Native (4.98 ms). This
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Mean Max Min  SD Statistical p-value Cohen’s d
test

iOS Flutter 247.87 3212 40 231.78 | Welch’s t-test  <.001 1.28
iOS Native 5.85 45 5 3.99 - - -
Android Flutter | 24.95 226 12  23.34 | Welch’s t-test =.017 -0.34

Android Native | 30.70 41 20 3.63 - - -

Table 6.3: Time-to-Completion(millisecond) results per platform on camera task,

comparing Native and Flutter applications.

disparity is not only statistically significant, as indicated by a Welch’s t-test (p <
0.001), but also practically significant, with a large Cohen’s d value of 1.61.

On Android, the differences between Flutter and Native are less pronounced. Ad-
ditionally, the Welch’s t-test shows no statistically significant difference (p = 0.108),
and the Cohen’s d value of -0.23 suggests that any observed difference is not prac-

tically significant.

Application Mean Max Min SD Statistical p-value Cohen’s d
test

iOS Flutter 1721 111 11  9.88 | Welch’s t-test  <.001 1.61
iOS Native 4.98 41 3 4.15 - -
Android Flutter | 35.25 102 22 12.08 | Welch’s t-test  =.108 -0.23
Android Native | 38.14 87 20 13.09 - -

Table 6.4: Time-to-Completion(millisecond) results per platform on contacts access

task, comparing Native and Flutter applications.

6.4.3.2 CPU usage for Camera

On i0OS, Native applications show low and consistent CPU usage, with the values
mainly clustered around 6-9%. Flutter applications, however, demonstrate signifi-
cantly higher CPU usage mainly clustered around 8-11%.

On Android, the situation is somewhat different. While Native applications still
maintain a narrow IQR and low CPU usage (mainly around 5-6%), Flutter appli-
cations show a slightly wider spread in CPU usage. However, Flutter’s maximum
CPU usage here is significantly similar to Native or even lower, with most values

staying within the 4-6% range, much closer to Native than on iOS. This suggests
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that Flutter’s CPU overhead is less pronounced on Android compared to iOS, where

it shows much higher values and variability.

6.4.3.3 RAM usage for Contacts Access

On 108, Flutter exhibits a peak RAM usage of 106 MB, which is considerably higher
than Native, which only uses 10 MB. On Android, the difference is less pronounced,

but Flutter still consumes more memory, peaking at 171 MB, compared to Native,
which uses 156 MB.

6.4.4 File System Access
6.4.4.1 Time-to-Completion for File System Access

The TTC results in Table[6.5]demonstrate contrasting performance patterns between
Flutter and Native applications across iOS and Android platforms. On iOS, Native
applications achieve significantly faster completion times, with a mean TTC of 1.98
ms and a very narrow range. The Welch’s t-test confirms that the difference between
the two frameworks on iOS is statistically significant (p < 0.001), with a large
Cohen’s d value of 2.63, indicating practical significance. Native is vastly superior
to Flutter for file system access tasks on iOS in terms of both speed and consistency.

On Android, surprisingly the performance trend is reversed. Flutter demonstrates
faster completion times, with a mean TTC of 16.62 ms, compared to Native, which
has a mean TTC of 37.23 ms. The Welch’s t-test confirms this reversal with a
highly significant p-value (p < 0.001) and a Cohen’s d value of -8.65, indicating a

substantial practical advantage for Flutter over Native on Android.

Mean Max Min SD Statistical p-value Cohen’s d
test

iOS Flutter 10.96 55 9 4.11 | Welch’s t-test  <.001 2.63
iOS Native 1.98 9 1 1.09 - -
Android Flutter | 16.62 32 11 2.18 | Welch’s t-test  <.001 -8.65
Android Native | 37.23 56 32 2.55 - -

Table 6.5: Time-to-Completion(millisecond) results per platform on file system access

task, comparing Native and Flutter applications.
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6.4.4.2 CPU usage for File System Access

For the File System Access task on iOS, Flutter demonstrates a noticeably higher
CPU usage compared to Native. The IQR for Flutter is much wider, spanning
approximately 10% to 14%, with an outlier extending beyond 23%, indicating sig-
nificant variability and higher peaks in CPU usage. In contrast, Native applications
maintain much lower CPU usage, consistently staying below 5%, with a narrow IQR,
suggesting more efficient and stable performance.

On Android, the trend is somewhat different. Flutter and Native exhibit compara-
ble CPU usage ranges, with overlapping IQRs between around 15% and 25%. While
the difference between Flutter and Native on Android is less pronounced, Flutter’s
slight reduction in variability may suggest better optimization for consistent CPU

usage during file system access on this platform.

6.4.4.3 RAM usage for File System Access

For the File System Access task, RAM usage shows a stark contrast between Flutter
and Native applications across both platforms.

On 108, Flutter exhibits significantly higher RAM usage, peaking at 102 MB,
compared to just 15 MB for Native. On Android, the disparity is even greater.
Flutter uses 349 MB of RAM, which is significantly higher than Native, which peaks
at 220 MB.

6.4.5 Geolocation

In Table [6.6] the TTC results for geolocation servcie reveals distinct performance
differences between Flutter and Native applications across iOS and Android plat-

forms.

6.4.5.1 Time-to-Completion for Geolocation

On 108, Native applications demonstrate faster and more stable geolocation perfor-
mance, with lower mean TTC and a narrower range of values. In contrast, Flutter
exhibits significantly higher mean TTC and greater variability.

On Android, Flutter show more comparable performance to Native than on iOS.
While Native applications still hold a slight edge in mean TTC, the differences

between the two frameworks are minor, as indicated by a p-value > 0.5 and a
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Cohen’s d < 0.1, suggesting no significant practical or statistical differences on this

platform.
Mean Max Min  SD Statistical p-value Cohen’s d
test
iOS Flutter 5.57 54 0 6.69 | Welch’s t-test  <.001 -1.37

10S Native 1840 54 3 11.39 - - -
Android Flutter | 31.27 1155 14 113.01 | Welch’s t-test =.515 0.09
Android Native | 20.43 1221 4 120.68 - - -

Table 6.6: Time-to-Completion(millisecond) results per platform on geolocation task,

comparing Native and Flutter applications.

6.4.5.2 CPU usage for Geolocation

On 108, Native applications exhibit lower and more consistent CPU usage for ge-
olocation tasks. The IQR for Native CPU usage is narrow and remains consistently
below 5%, indicating efficient resource utilization. In contrast, Flutter applications
show significantly higher CPU usage, with an IQR spanning 6% to 9%.

On Android, Flutter demonstrates more comparable performance to Native than
on iOS for geolocation tasks. The IQR for both frameworks is relatively narrow,
with values falling below 10%, suggesting similar levels of consistency. Notably, the
Q1 of Flutter is even lower than the Q1 of Native, indicating that Flutter can achieve
more efficient CPU usage in some instances. Although Flutter exhibits a slightly
wider overall range, the difference in CPU usage between the two frameworks on

Android is much less pronounced compared to the disparity observed on iOS.

6.4.5.3 RAM usage for Geolocation

For the Geolocation feature, Native applications are significantly more memory-
efficient across both platforms just like other features.

On i08S, Flutter exhibits significantly higher RAM usage, peaking at 101 MB,
compared to just 13 MB for Native. On Android, the gap between the two frame-
works is narrower but still notable. Flutter consumes 182 MB of RAM, compared

to 159 MB for Native, reflecting a smaller but consistent increase in memory usage.
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6.5 Summary

This evaluation systematically compares Flutter and Native mobile applications
across key performance metrics, revealing both strengths and limitations of each
approach. The results indicate that while Flutter provides a unified cross-platform
development framework, it comes with trade-offs in application size and system

resource consumption.

e Flutter applications tend to be significantly larger than their Native counter-

parts due to the inclusion of its runtime and additional dependencies.

e In terms of launch time, Flutter performs comparably to Native on iOS, but

it exhibits noticeable delays on Android

e Rendering performance shows minor differences on iOS and Android, with

Flutter demonstrating more consistent CPU usage for increasing dataset sizes
on iOS.

e Integration with platform-specific features such as the camera, accelerometer,
and geolocation presents challenges for Flutter, often resulting in longer ex-
ecution times and higher CPU and memory usage, particularly on iOS. On
Android, however, Flutter performs comparably to Native in these tasks, es-

pecially in CPU usage.

These findings suggest that while Flutter is a viable alternative for cross-platform
development, its efficiency is more context-dependent. Optimizing platform-specific
integrations and resource management could further enhance its competitiveness

with Native development.
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Real-World Case

Many enterprises have invested heavily in the long-term development and mainte-
nance of native applications. However, the rapid evolution of mobile technologies
and the increasing demand for agile development cycles have led these organizations
to explore alternative approaches. Migrating to Flutter may offer improvements in
maintenance efficiency and development agility.

For example, companies such as ByteDance, BMW, and Google Ads have adopted
Flutter for various projects, benefiting from its ability to provide a unified develop-
ment experience while reducing time to market and ensuring consistent user expe-
riences across platforms. ByteDance reportedly saw a 33% increase in development
efficiency after adopting Flutterl] while BMW implemented Flutter for its BMW
appP} enabling faster development and improved collaboration between teams.

To offer a practical reference and insights for large organizations, this chapter
presents a comprehensive analysis of the migration from a native implementation to
Flutter by examining a real-world example: the InsideBusiness App] The Inside-
Business App is a mobile application designed for large corporate customers of ING,
offering digital banking services and management tools. With over 42,000 active
monthly users, the application provides a significant case study for evaluating the

technical and operational impacts of adopting a cross-platform framework.

Thttps:/ /flutter.dev/showcase/bytedance
2https://flutter.dev/showcase/bmw
3https: //www.ingwb.com /en/digital-banking-services /insidebusiness-app
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7.1 Performance Analysis

We will perform a performance analysis similar to the one conducted on our sample
application. The native version of the InsideBusiness app is version 2.28.3, while
the Flutter version is 3.0.0, marking its initial adoption of Flutter.

The analysis was focused on the application’s size, launch time, CPU usage and

RAM usage during a daily journey of most users.

7.1.1 The application size

The data presented in Table reveals a significant increase in application size
after migrating from native to Flutter on both iOS and Android platforms. The
Flutter version of the InsideBusiness App is nearly two times larger than its
native counterpart on iOS (79 MB vs. 40.1 MB) and almost five times larger on
Android (141 MB vs. 29.2 MB).

Flutter | Native
iOS 7T9MB | 40.1MB
Android | 141MB | 29.2MB

Table 7.1: InsideBusiness App sizes for Flutter and Native implementations

One of the primary reasons Flutter applications are larger than native ones is the
inclusion of the Flutter engine and framework dependencies as mentioned in Section
[6.1] In the case of the InsideBusiness App on Android, these account for nearly 34
MB of the total package size, which would not be present in a purely native appli-
cation. Another major contributor to the increased package size in the Flutter im-
plementation is the integration of various third-party frameworks and dependencies.
While some of these are essential for Flutter’s core functionality, others are specific
to the app’s business logic. One such example is the TouchPoint SDK (TP SDK),
a modular platform that enhances security, centralizes agreement management, and
provides developers with pre-built componentsE]. Within the InsideBusiness App,
TP SDK plays a crucial role in handling key functionalities, including user authen-

tication (login), mobile token (mToken) scanning, and transaction signing. These

Thttps:/ /www.flock.community /cases/ing-touchpoint-unified-user-experience-anytime-

anywhere
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features are essential for ensuring secure access and transaction integrity within the
banking environment. However, the integration of TP SDK, along with its secu-
rity and cryptographic components, further contributes to the overall increase in

application size in the Flutter version.

7.1.2 Launch time

As shown in Fig7.1] the median launch times for the native and Flutter implemen-
tations on iOS are nearly identical, with 1.54 seconds for the native version and 1.55
seconds for the Flutter version. Interestingly, the Flutter implementation has a lower
minimum launch time (1.21 s) compared to the native version (1.37 s). However, the
range of launch times in the Flutter version is slightly wider, extending from 1.21
s to 1.65 s, whereas the native implementation remains within a narrower window.
This variation suggests that while Flutter can achieve launch times comparable to
native on 108, its performance exhibits greater variability.

On Android, the performance gap between the two implementations is more pro-
nounced. The median launch time for the native application is significantly lower at
0.367 seconds, compared to 0.572 seconds for the Flutter implementation. Addition-
ally, the maximum launch time recorded for Flutter (0.590 s) is considerably higher
than that of the native implementation (0.395 s). However, despite this dispar-
ity, both native and Flutter applications on Android demonstrate relatively stable
launch times, with less fluctuation compared to their iOS counterparts.

These results align with the observations made in our sample application tests in
Section In both cases, Flutter achieves a launch time comparable to native on
iOS but with slightly higher variability. On Android, however, the Flutter imple-
mentation exhibits a more noticeable delay in launch performance, suggesting that

additional optimizations may be required to bridge the gap.

7.1.3 CPU and RAM usage

This section evaluates the CPU and RAM usage of the Insidebusiness application
during a simulated sequence of daily operations. The user journey is designed to
reflect common interactions with the app, capturing its performance across a variety
of tasks. The steps in the journey include opening the application, logging in,
navigating account balances, performing account-specific actions, and interacting

with the mToken functionality.
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Figure 7.1: Insibusiness APP’s launch time comparison

Throughout this journey, CPU usage and RAM usage are measured continuously

to evaluate the app’s performance under realistic conditions.

7.1.3.1 CPU Usage Analysis

As shown in Figure for i0OS Flutter, the mean CPU usage is 23.97%, while for
i0S Native, it is slightly higher at 25.09%. This suggests that iOS Flutter operates
with a marginally lower CPU load, which could indicate better optimization or more
efficient resource usage compared to iOS Native. However, the small difference be-
tween these two frameworks (Cohen’s d value of 0.17, indicating a small effect size)
suggests that the performance gap is minimal, with both frameworks providing com-
parable CPU performance during typical app usage. Additionally, the Interquartile
Range (IQR) for iOS Native (ranging from 22.88% to 27.63%) is slightly narrower
than that of iOS Flutter (ranging from 20.71% to 28.30%), indicating that iOS
Native has more consistent or stable performance.

In contrast, the performance difference on Android is more pronounced. Android
Flutter shows a mean CPU usage of 17.10%, significantly higher than the Android
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Figure 7.2: Comparison of CPU Usage on Insidebusiness App

Native mean of 11.12%. The Cohen’s d value of 1.00, representing a large effect size,

indicates a substantial difference in CPU performance between the two frameworks.

7.1.3.2 RAM Usage Analysis

In terms of peak RAM usage, Native outperforms Flutter across both platforms. The
maximum RAM usage for iOS Flutter is 170MB, 4 times more than iOS Native’s
40MB. The situation is similar to Android where the Flutter uses 190MB peak RAM
while Native utilize only 190MB.

Android

Figure 7.3: Comparison of RAM Usage on Insidebusiness App
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7.1.3.3 Summary

Overall, the CPU usage data shows that while iOS Flutter and Native iOS exhibit
similar performance with only minor differences on Insidebusiness App, Android
Flutter experiences significantly higher CPU usage compared to Android Native.
In terms of RAM usage, while iOS Flutter outperforms iOS Native on average
memory consumption and maintains more consistent performance, Android Native

is significantly more memory-efficient than Android Flutter.

7.2 Discussion

It is important to note that the comparison between the iOS Flutter and Native
iOS applications of Insidebusiness cannot be viewed as a straightforward framework
performance comparison. Several factors contribute to the differences between the
two versions of the application. In addition to the different development technologies
used, variations in the security SDK and backend domains influence performance.
Furthermore, Ul design optimizations in the newer version of the app likely impacted
performance, as improvements to the user interface may change resource utilization
patterns. Additionally, for ING Bank’s unified and secure management system,
the authentication operations (such as MPIN and mToken interfaces) are executed
through a TP SDK in the new Flutter version, which is traditionally implemented
natively. This creates a situation where the comparison is not purely between Flutter
and Native; rather, it reflects the potential of upgrading and refactoring a Native
application within the context of a large organizational architecture. This scenario
opens up the possibility of combining both technologies, using Native for functions
that require optimal performance and security, while utilizing Flutter for rendering

the majority of the UI and handling front-end logic.
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Threats To Validity

8.1 Internal Validity

Since the screen control on iOS was manual and not automated, this introduces
a potential bias in the testing process. Despite using a stopwatch and conducting
multiple tests, human error or inconsistencies in manual input could have affected

the results.

8.2 External Validity

Testing only on two devices with specific OS versions limits the generalization of my
findings. The results may not be applicable to other devices or OS versions in every
aspect or finer details, but the overall conclusion, such as Flutter having performance
close to native in rendering, aligns with previous related studies. Although testing
all available mobile devices is impractical and I do not have access to additional
devices, the devices chosen for this study are recent and popular models, provid-
ing a reasonable representation of the performance levels of modern smartphones.
Future studies could involve a broader and more diverse set of devices, including
different screen sizes, hardware configurations, and OS versions, to further validate

and generalize the findings.
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8.3 Construct Validity

While I conducted performance testing with both a sample project and a real-world
case, there’s always the question of whether the sample project accurately represents
the broader spectrum of mobile applications. If the sample project does not fully
encapsulate the diversity of app types or behaviors, the findings may not fully reflect

real-world performance.
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Discussion

From an enterprise perspective, maintaining a single codebase significantly reduces
development costs while ensuring consistent Ul across platforms. Typically, separate
teams are needed for iOS and Android, and synchronizing their progress to provide
a unified user experience can become challenging. Furthermore, when considering
the need to refactor or migrate an entire software system or support additional
platforms, the workload required for Native development far exceeds that of Flutter.
Enterprises, driven by cost considerations, may be reluctant to continue optimizing
a Native application, which could result in a reduction in market competitiveness.
Flutter, with its cross-platform capabilities, can greatly reduce the workload and
provide a competitive edge in terms of cost and time-to-market.

From a developer’s perspective, I interviewed several experienced developers with
working experience ranging from 3 to 11 years, and the consensus was clear: Flutter
is much easier to learn and understand compared to Native development. Addi-
tionally, Flutter’s rich ecosystem of plugins and features like hot reload accelerate
development, improving productivity and reducing iteration time. However, it is
important to note that, as a cross-platform framework, Flutter must keep pace with
platform system updates, which can introduce compatibility challenges. Develop-
ers may encounter issues when trying to align Flutter’s capabilities with the latest
updates from iOS and Android platforms. Moreover, because Flutter is a non-
native development framework, it often requires a significant reliance on third-party
libraries to access platform-specific functionalities. This dependency on external
libraries can be a concern, as it may introduce potential instability, maintenance is-

sues, or compatibility problems over time. Such dependencies are typically not ideal
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for enterprise-level applications, where long-term sustainability and direct control
over system components are crucial. This aspect of Flutter may require careful
consideration, particularly for applications that rely on advanced, platform-specific
features or require highly tailored performance optimizations.

For users, Flutter does not fall short of Native applications in terms of UI render-
ing and smoothness. In fact, its rich and highly customizable Ul components can
sometimes provide an even better user experience. The only downside is the larger
app size of Flutter applications, though this remains within a durable level for most
use cases and is not a significant issue for users.

Overall, despite the performance gap compared to Native applications, Flutter’s
overall performance in areas such as development speed and cross-platform capa-
bility may still make it an attractive option. The benefits of reduced development
time and effort for both iOS and Android can outweigh the minor performance
drawbacks. Furthermore, the performance difference is negligible on iOS, where
CPU usage, RAM consumption, and launch time are nearly identical, and Flutter
even outperforms in some cases. Therefore, Flutter offers a compelling solution,
particularly for enterprises seeking to optimize development processes and reduce

costs while maintaining a high-quality user experience across platforms.
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Future Direction

Flutter is already making significant strides as a framework for cross-platform de-

velopment. Based on our investigation, to move forward, there are a few key areas

to watch:

Improved Native Integration:

As mobile operating systems continue to evolve (e.g., the introduction of new
APIs in i0S 18 or Android’s Jetpack Compose), Flutter needs to ensure that
it can keep up with new changes in the platform landscape. This means
consistently updating its native integrations, expanding its plugin ecosystem,
and ensuring developers can easily access the latest platform APIs. Without

this, Flutter risks losing its relevance in the competitive landscape.

Performance Enhancements:

While Flutter already performs well in terms of Ul rendering, further opti-
mizations (e.g., more efficient memory management and CPU utilization) will

help it compete with the most performance-demanding native apps.

Adaptability and Compatibility:

Flutter as a cross-platform frameworks need to seamlessly support not only
Android and i0S, but also new operating systems like HarmonyOS and others
in the future. Additionally, as more devices (such as smart home gadgets
and wearables) become widespread, Flutter must cater to a wider variety of

platforms.
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e Adoption of Emerging Technologies:

The rapid advancement of Al technology is reshaping the software development
process, leading to new ways of building applications. Flutter can integrate
Al-driven development tools to automate certain parts of the coding process,
which can speed up development and reduce the need for manual, repetitive

tasks.
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Conclusion

In this study, we compared the performance of Flutter with native applications
across both iOS and Android platforms. We conducted a performance evaluation
using two distinct case studies: a sample project and a real-world application. The
sample project primarily focused on Ul rendering and integration capabilities, with
key performance metrics including CPU usage, time-to-completion, and RAM usage.

Our results show that, on both iOS and Android platforms, Ul rendering per-
formance was largely similar, with Flutter even outperforming native applications
in terms of CPU utilization in some cases. However, when it came to integration
capabilities, Flutter required more execution time, CPU resources, and RAM, par-

ticularly on iOS.

RQ: In what scenarios can Flutter approach the performance of native mobile
development frameworks? Where can it serve as a viable alternative?

In response to our research question, we conclude that for use cases that prioritize
UI rendering and do not involve intensive hardware or system-level functionalities,
Flutter is a strong alternative to native applications. On the other hand, for applica-
tions that require extensive interaction with hardware or system-level features, such
as camera access or geolocation, native development remains the superior choice.
This finding is further supported by the development approach used in the Inside-
Business app, which employs a hybrid development model. In this model, native
technologies are used for system-level features, while Flutter is leveraged for other
parts of the application. We observed that CPU performance was consistent on

iOS for the InsideBusiness app. Although slight performance differences persisted
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on Android, the user experience remained fluid and smooth. Overall, the decision
to adopt Flutter or native development should be based on a thorough analysis of
the development budget, user requirements, and specific use case scenarios. A bal-
anced approach can only be achieved when these factors are carefully considered to
determine the most suitable framework for the given context.

Finally, we provided a comprehensive evaluation of Flutter’s strengths and weak-
nesses from three distinct perspectives: those of the enterprise, developers, and users.
We also offer insights into the potential future developments of Flutter, considering

its growing adoption and the evolution of mobile application requirements.
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