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Abstract—From the first static webpages to Web 3.0 and ubiq-
uitous devices, technologies enhance and influence our lives today
more than ever. Mobile devices, like smartphones, allow users
to download millions of applications developed with different
programming languages, frameworks, and quality standards. In
this context, accessibility is a critical point that needs to be
persecuted not only by developers, but even offered as an out-
of-the-box feature by mobile technologies so that modern mobile
applications can improve the lives of all users. In this paper, we
investigate how two frameworks for cross-platform development,
Flutter and React Native, address accessibility issues, and we
propose some solutions when the official documentation does not.

Index Terms—accessibility, cross-platform mobile frameworks,
React Native, Flutter, user interface, mobile applications

I. INTRODUCTION

The market for mobile devices is constantly increasing:
the number of smartphone users is growing very fast, from
more than one billion users in 2013 to more than 5 billion in
2023 [1]. In this context, accessibility, defined as the ability
of a user to fully perceive, understand, navigate, and interact
with digital content independently from their capabilities, is
a crucial aspect for enabling all people, without exception, to
enjoy the benefits of technology. Unfortunately, accessibility
has not been considered from the beginning, except for small
bumps on physical keyboards to facilitate orientation. The
situation got even worse with touch keyboards and screens.

The first law to define rights for people with disabilities
was the Americans with Disabilities Act (ADA) [2] in 1990:
it federally prohibits discrimination based on disability and
establishes accessibility requirements for public and private
entities for the first time. Although it does not directly mention
digital accessibility, it deals with widespread technologies at
that time, such as telephone booths.

The first utility that included a screen reader was Microsoft
Narrator, which was released in 2000; two years later, Apple
introduced Universal Access in macOS devices. VoiceOver,
the official Apple screen reader, was released in 2005.

In the early 2000s, despite millions of mobile devices were
being sold every year [3], and the great improvements in their
functionality, their accessibility struggled. Evidence of this
lack of consideration for the accessibility of mobile devices
can be found in the release of the first iPhone in 2007.
Although this model was a historic turning point for both
the mobile industry and users, it was completely inaccessible.

Apple introduced VoiceOver, the first consumer screen reader
to support touch screens and gestures only in the third iPhone
generation in 2009. In the same way, Google introduced the
TalkBack screen reader in Android in 2011.

Digital accessibility requirements were established by law
with the first international standards [4] on accessibility, which
mainly covered web technologies, as well as the first laws
in America and Europe [5] [6]. The legislative path was
consolidated in the EU with the latest European accessibility
directives in 2016 and 2019: the first [7] made it mandatory
for all mobile applications published by the public sector to
meet the accessibility standard EN 301 54 [8], the second [9]
extended the same mandatory rules to private economic opera-
tors providing essential services (transport services, electronic
communication services, books and ebooks, audiovisual media
services, banking services and e-commerce).

In Italy, the last monitoring of public mobile applications
[10], which follows an in-depth monitoring method to verify
compliance [11] with accessibility requirements, showed that
22 apps (11 iOS apps and 11 Android apps) did not respect
135 accessibility requirements. A similar situation occurs in
Spain: out of 18 mobile applications in the public sector (8
Android, 10 iOS) analysed, only five reached the WCAG
A level or the AA level, which are required by law [12].
Furthermore, an in-depth monitoring of 57 mobile applications
(34 iOS apps, 23 Android apps) conducted in Germany found
that they passed on average 81,4% of mandatory accessibility
requirements [13]. Regarding non-European Union Member
States, the analysis by Pedroso Carvalho et al. [14] of 10
Android applications provided by Brazil’s local municipalities
shows that several accessibility issues prevent users from
benefitting from these apps. Another report by Balaji et
al. [15] considers 20 Android apps related to e-Governance
and highlights frequent accessibility unconformity on several
WCAG 2.0 success criteria.

Considering the private sector, a comprehensive research
by Yan et al. [16] evaluated a sample of 479 native or hybrid
Android applications with IBM Mobile Accessibility Checker
(MAC). The results of this study showed that about 30% of
the UI components analysed have accessibility problems.

Therefore, despite regulatory and standardisation efforts,
challenges still exist in ensuring complete accessibility across
a vast range of mobile apps, devices, and digital services.



The paper is organized as follows: Section II discusses
the related work, and Section III introduces the two analysed
frameworks, Flutter and React Native, and their approach to
accessibility. Section IV explains our research methodology,
and Section V presents our implementation proposals. We
discuss the results of our analysis in Section VI, we draw
a conclusion in Section VII.

II. RELATED WORKS

Several studies have been conducted to better understand the
relationship between people with disabilities, particularly vi-
sual impairments, and mobile technologies. The user learning
process is studied in several works: Nicolau et al. [17] analysed
the typing performance of blind people and their learning
process; a comprehensive analysis by Rodrigues et al. [18]
investigated with a structured procedure lasting eight weeks
the relationship between them and their mobile technologies
and their Google Talkback learning process. Rodrigues et
al. [19] presented the challenges encountered by visually
impaired people when interacting with their smartphones,
noting that some obstacles, e.g. the usage of some specific
apps or the problem of getting lost while navigating, were
also encountered by users with more experience with assistive
technologies. Instead, both studies are based on a small sample
and require further investigation.

Jain et al. [20] reported specific mobile device usage pat-
terns and a few related needs common among users with visual
impairments who use Android TalkBack. The analysis of voice
input on mobile devices proposed by Shiri et al. [21] shows
that this input mode is widespread and generally satisfactory
among visually impaired users. However, some features, such
as editing or text verification, require more effort from users.

An in-depth analysis of the performing of motion gestures
by users with visual impairment with their mobile phones is
carried out by Nem Khan Dim et al. [22] who concluded that
their use is more efficient than classical graphical interfaces.

Preferences for different wireless technologies, such as
smartphones, of consumers with audio or vision impairment
are reported by J. Morris et al. [23] which shows that iOS
is the preferred mobile operating system by these users. An
overview of assistive technologies, which includes an analysis
of the state-of-the-art assistive tools for mobile technology,
was proposed by Csapó et al. [24].

Accessibility is studied in [25], a survey of touchscreen
technologies widely used in mobile or wearable devices which
examined accessibility solutions and issues of various interac-
tion scenarios involving input of data and output information.

Another review of smartphone-based assistive solutions
focused on people with visual impairment analysed the current
state-of-the-art of assistive devices and found out that safe
travel in an unfamiliar environment (independent life is a
human right recognised in the Convention on the Rights of
Persons with Disabilities [26]) is still an open challenge [27].

Accessible user interfaces are discussed in several works:
Mi et al. [28], proposed a checklist for the development
of graphical interfaces. Image-based buttons are analysed on

5,753 Android apps with an epidemiology-like framework:
missing, duplicate or informative labels are searched on the
source code, finding out that 45.9% of analysed apps had
less than 10% of assessed image-based buttons labelled [29].
Another more complex work is proposed by Wang et al. [30]
which scrapes 19,127 apps on Play Store and, by analysing
screenshots of 10408 of them with a Convolutional Neural
Network and several other techniques, find out that 77.38%
of them have image buttons or clickable images without
any semantic label. [31] involved 41 blind participants and
found out that several usability and user interface facets, such
as clarity of commands and labels or an easy-to-learn and
interpret workflow, have positive effects on users’ satisfaction
with the usage of mobile touchscreen interfaces.

Several research studies [32] [33] [34] focused on the
analysis of the accessibility guidelines from W3C, their impact
and possible improvement. Dı́az-Bossini et al. [35] analysed
guidelines by highlighting crucial aspects for older adults and
developed age-centred design guidelines helpful in testing the
accessibility of mobile applications.

The aspect of accessibility evaluation is also taken into
consideration by many research papers: Silva et al. [36]
evaluated the effectiveness of several testing software and
their coverage of the BBC Mobile Accessibility Guidelines
[37] and WCAG 2.0 standards. In other cases, new tools are
proposed, such as MATE, presented by Eler et al. [38], which
can automatically explore an Android application and perform
automatic accessibility tests on the UI Widgets analysed.

[39] investigates another exciting aspect: by studying 96
threads of a mailing list and with 18 semi-structured inter-
views, the study finds that programmers with visual impair-
ments have several impacts on their works and experience
because accessibility features are only partially supported.

React Native and Flutter, two frameworks for mobile ap-
plications, are studied and compared in few works. Kishore
et al. [40] study performance, battery consumption, CPU and
storage requirements by analysing two developed apps: they
found out that React Native requires more computational
effort, but Flutter requires more memory space. The automatic
testing perspective of React Native and Flutter is studied by
Zahra et al. [41]: the paper highlights that there are very few
automatic tools to test accessibility of mobile applications and
that React Native outperformed Flutter regarding reusability
and compatibility of automatic tests.

In this paper we will analyse how React Native and Flutter
allow to create accessible user interfaces and if they provide
specific documentation, tutorials or examples to help the
programmers. If not, we will try to fill this gap.

III. FRAMEWORKS FOR CROSS-PLATFORM DEVELOPMENT:
FLUTTER AND REACT NATIVE

A. Flutter

Google released Flutter1, an open-source software devel-
opment kit (SDK,) in 2018. It allows developers to create

1https://flutter.dev/



cross-platform applications for mobile, web, and desktop
environment from a single codebase written in Dart. Flutter
creates widgets as basic logical-graphic units to develop user
interfaces: a single widget describes the aesthetic properties
that will be displayed to the user based on its configuration and
any changes in its state. Flutter defines two types of widgets:

• stateless: widgets which do not change over time and
whose graphical properties depend only on their initial
configuration (e.g., a simple icon or a paragraph of static
text that does not change over time);

• stateful: widgets that change dynamically according to
their state, which may change due to user interactions,
data fetching from external API or sensors, etc.

The entire composition of the user interface can be visual-
ized as a widget tree, i.e. a tree data structure in which each
node represents a widget and edges between nodes define a
composition relationships between them.

Flutter deals with accessibility by automatically creating an
accessibility tree starting from the widget tree: each widget
represents a semantic node, which implicitly exposes some
information to assistive technologies by default. Moreover, this
information can be enhanced, removed or modified by encap-
sulating UI widgets into other widgets specifically designed
to improve accessibility:

• Semantics: annotates the semantic node with several
accessibility properties according to a specified config-
uration defined by the developer; this configuration is
defined by the SemanticsProperties class which allows
to set several semantic properties and event handlers also
for customising assistive technologies behaviour;

• MergeSemantics: merges the semantics properties of a
node’s semantic children;

• ExcludeSemantics: remove semantic information from a
node’s semantic children;

• BlockSemantics: remove semantic information from a
node semantic parents which are in the same container;

• IndexedSemantics: add indexing information to all seman-
tic children of a node.

B. React Native

In 2015, two years after the release of React library for web
applications, Facebook released React Native2, an open-source
framework for developing mobile applications. Heavily in-
spired by React, React Native combines a JavaScript codebase,
a native look and feel and great performances derived from
its cross-compiled approach. The creators of React Native
describe its main features as declarative, component-based,
quick to develop and portable. Nowadays, this framework’s
popularity is high in the developers’ community, with over
100,000 stars on GitHub’s official repository and 20,000 forks.

The React Native architecture contains 3 different layers:
• TSX/JSX Layer this layer contains the UI components

written by developers in TSX or JSX;

2https://reactnative.dev/

• JavaScript Interface (JSI): this layer allows the commu-
nication between Kavascript and C++ code. It computes
two steps:

1) Render: the React Element Tree is created in plain
Javascript (a tree of React Component as a node)
and, from this, a React Shadow Tree is created
by the Fabrique rendering system; the latter tree is
written in C++ and is composed of Shadow Node
that corresponds to React Component.

2) Commit: this steps is composed of two operations:
layout calculation and tree promotion. The first
calculates each React Shadow Node’s position, size
and constraint; in the second, React Shadow Tree
is promoted as the next to be mounted. This means
that it has all the information to be mounted and
represents the latest logical state of the React Ele-
ment Tree.

• Mount: in this layer, the React Shadow Tree is trans-
formed into a Host View Tree with rendered pixels on
the screen. The Host View Tree will be composed of
native UI components for each operative system.

In React Native, user interfaces are designed using compo-
nents; each component describes the aesthetics and behaviour
of a portion of the application. Components can also have
a state, i.e. persistent information, and properties, i.e., data
that are received as input from other components. A graphical
interface is thus an aggregation of components, which in turn
may be made of several components that are bound together
by logical parent-child composition relationships.

The approach for managing accessibility aspects in React
Native follows the concept of directly adding properties to
a component to enhance its accessibility: 38 properties can
be added to a component, 8 are dedicated only to iOS, 7
to Android, and 23 are for both operative systems. Each of
these properties can be applied directly to every React Native
component without adding or encapsulating other components
to the user interface. React Native does not provide an acces-
sibility tree or any other hierarchical data structure helpful in
understanding the semantics of an app.

IV. METHOD

The aim of this research is to analyse accessibility aspects of
different widgets and components of Flutter and React Native.
The goal is to answer the following research questions:

• RQ1: Are the widgets and components provided directly
by the frameworks accessible by default?

• RQ2: If a widget or a component is not accessible by
default, is it possible to make it accessible?

• RQ3: If a widget or a component is not accessible by
default, and can be made accessible by developers, how
much does it cost - in terms of additional required code?

To answer these questions, we analysed a small set of compo-
nents and widgets, which provides an implementation of tex-
tual contents with different purposes and semantic meanings.
In particular, we analysed:



• Heading: heading elements are used to specify the title
of an application section or region; in HTML they are
implemented with tags <h1>, . . ., <h6>;

• Language declaration: different text elements can use
different languages hat must be declared. In HTML, the
lang attribute is used to define the language of a tag.

• Text abbreviation: Abbreviations and acronyms must be
declared; title attribute and <abbr> tag are used in
HTML to represent this information.

The accessibility guidelines and success criteria (WCAG)
that these elements must follow to be considered accessible
are listed in Table I. In the following experiment, we analysed
widgets and components provided by Flutter and React Native
for implementing headings, language declarations, and abbre-
viations to check if they are compliant with the guidelines.
All the information is taken from the official websites and
documentation. When a widget or a component is not fully
compliant with WCAG criteria, we provide an out-of-the-box,
fully-accessible implementation.

Accessibility was manually tested through the use of assis-
tive technologies. We performed these tests in two different
devices: Apple iPhone XR, with iOS 16, provided with the
embedded VoiceOver screen reader and a Huaweri P8 lite
2017, Android 7.0, supplied with Google Talkback service.
We initially checked if they express by default their actual
semantic meaning and expose it to users and assistive tech-
nologies. If not, we developed a brief and fully accessible
implementation of the same component or widget.

Since we are interested in evaluating if the two frameworks
allow the development accessible apps, we do not consider
third-party modules, libraries or packages. For the same rea-
son, we do not take into account issues regarding colour, size,
and other aesthetical properties since their compliance with
WCAG strictly depends on designer’s choices and not on the
framework’s features. Finally, we measured the number of
code lines that must be inserted into the accessible imple-
mentation to investigate their potential dissimilarity in terms
of verbosity.

V. NEW SOLUTIONS TO IMPLEMENT A SMALL SET OF
WCAG WITH TWO FRAMEWORKS

A. Heading

1) Flutter: Flutter does not provide a widget designed to
define headings. The solution we propose to achieve acces-
sibility is to wrap a Text widget into a Semantic widget
with the header property set to true (see Listing 1).� �
Widget build(BuildContext context) {

return
Semantics(

header: true,
child: const Text(’Title’)

);
}� �

Listing 1. Definition of a heading using Flutter

TABLE I
WCAG 2.2 CRITERIA

Element WCAG criteria
Heading 1.3.1 2.4.6 2.4.10

Text language §1.4 §3.1
Text abbreviation §1.4 §3.1

2) React Native: Neither React Native provides a compo-
nent for representing a heading, but we can achieve the same
semantics by adding to a Text component a property role
or accessibilityRole set to heading (see Listing 2).� �
return (
<Text role="heading">
This is the first heading </Text>
)� �

Listing 2. Definition of a heading using React Native

B. Text language

Both the frameworks use a very similar approach for declar-
ing the use of a different language in a piece of text. Flutter
requires to wrap the Text widget with a Semantic widget
with a attributedLabel. The definition is rather complex
and can be seen in Listing 3.� �
Widget build(BuildContext context) { return Semantics(

attributedLabel: AttributedString(
"Web Content Accessibility Guidelines", attributes: [
LocaleStringAttribute(
range: const TextRange(start: 0, end: 35), locale:
const Locale("en"))
]),
excludeSemantics: true,
child: const Text(’Web Content Accessibility Guidelines
’));

}� �
Listing 3. Declaration of the used language in Flutter

The same result can be more easily achieved in
React Native by adding to a Text component the
accessibilityLanguage property with a string that con-
tains the desired language (see Listing 4). Since this solution
is very similar to the one provided by HTML language, we
classified this component as accessible by default.� �
return <Text accessibilityLanguage="fr-FR">Ceci est un

texte en francais</Text>� �
Listing 4. Declaration of the used language in React Native

C. Text abbreviation

In Flutter, an accessible abbreviation or acronym can
be implemented with a Text widget enhanced with the
semanticsLabel attribute which explains the mean-
ing of the abbreviation or acronym. In React Native,
this data is inserted in the attribute aria-label or
accessibilityLabel of a Text component.



VI. DISCUSSION

If we analyse the solution proposed in the previous section,
we find there is only one situation in which components
or widgets are accessible by default and expose the right
semantics, i.e., the use of React Native to declare the language
with a simple attribute like HTML does. In all the other
situations, complete accessibility can be reached only by
adding supplemental code, as shown in Table II.

TABLE II
ACCESSIBILITY OF COMPONENTS AND WIDGETS

React Native Flutter
RQ1 RQ2 RQ1 RQ2

Heading ✗ +1P ✗ +1W +1P
Text language ✔ ✗ +1W +1P
Text abbreviation ✗ +1P ✗ +1C +1P

Legend: ✔: accessible by default, ✗: not accessible,
P: property, W: widget.

Flutter and React Native have two different approaches on
accessibility governance, and this had a direct and significant
impact on the experiment’s results:

• Flutter has a “wrapped” approach in which widgets
Semantics plays a crucial role in adding semantics and
thus accessibility to widgets that do not have that;

• React Native, like HTML, prefers an “enhancing” ap-
proach in which a large number of properties can be
added without the need of additional components.

The first approach certainly has an initial disadvantage:
wrapping a widget with a Semantics widget increases the
verbosity of the code and decreases its clarity and readability
without offering any advantage if not the explicit creation of a
semantic node. However, the second approach is more concise
and easy and, thus, creates less verbose code. Flutter approach
side effects in terms of additional lines of code compared to
React Native is straightforward as shown in Table III.

Considering that the lack of resources (mainly time and
knowledge about frameworks and languages) is listed as
one of the main barriers for developers, a more efficient
approach to accessibility is certainly a factor that can make
the development of fully accessible mobile applications easier.
Moreover, the benefits of a less verbose code are proven both
from the point of view of understandability [42], developers
mental effort [43] and software quality [44].

TABLE III
LINES OF CODE (LOC)

React Native Flutter
∆ (LOC)RQ3 RQ3

Heading 7 11 3
Text language 7 21 14
Text abbreviation 7 14 7

VII. CONCLUSION

In this paper, we study if the cross-platform development
frameworks Flutter and React Native allow to achieve acces-
sibility of user interface of mobile applications. Even if we

only consider a limited set of situations, our analysis shows
that both frameworks do not provide a complete accessibility
by default (RQ1), but we were able to find solutions to
make components and widgets accessible (RQ2). Moreover,
our analysis shows that React Native offers a more concise
approach which leads to a briefer and thus readable source
code (RQ3).

In conclusion, accessibility of mobile apps is not only a
compliance requirement, but also an ethically wise decision
that enhances users’ experience. By ensuring that mobile
applications are accessible to everyone, developers can reach
a more extensive user base, provide equal opportunities for
everyone, and simultaneously attain new business chances. The
advancements in technology and the growing awareness of
accessibility, both from the legislative and technological point
of view, offer a promising path towards a more inclusive digital
landscape. In this context, Flutter and React Native fit in as
new, modern and popular frameworks for developing mobile
applications. Our future work will study accessibility of other
kind of components and widgets and provide solutions when
not natively available.
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