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Abstract. Introduction: The rapid growth in mobile device usage has increased
the need for accessible applications. Automated accessibility testing approaches
were developed to support accessibility evaluation, but they have limitations
such as low coverage of features and screens and the lack of prioritization of
issues by real-world impact. Objective: This paper introduces an automated
crowdsourcing-based strategy to increase coverage and provide impact-based
prioritization of accessibility issues in mobile applications. Method: We
developed VisioAux, an accessibility testing service integrated into mobile apps
and deployed on end users’ devices. As users navigate apps in their daily
activities, VisioAux performs runtime accessibility checks on apps under test.
VisioAux collects reports from multiple devices and consolidates results to
estimate coverage and issue severity for a given app. Results: A preliminary
evaluation compared VisioAux with Google Accessibility Scanner, assessed
its performance impact, and verified its crowdsourcing capabilities. Results
indicate comparable detection performance, negligible performance overhead,
and successful aggregation of accessibility reports from diverse devices.
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1. Introduction

The use of mobile devices such as tablets and smartphones has increased dramatically in
recent years [[Cerwall 2021]]. In order to guarantee the inclusion of people with disabilities
in this platform, accessibility guidelines such as WCAG 2.2 [W3C 1999]], BBC [BBC nd],
and ABNT NBR 17060 [Da Costa Nunes et al. 2024] have been proposed to guide
developers and designers to create inclusive digital products and services. However,
the adoption of accessibility guidelines in the industry is quite a complex issue as
developers tend to not address accessibility as a critical factor in their professional practice
[Lewthwaite et al. 2023, [Patel et al. 2020, [Leite et al. 2021, B1 et al. 2022]]. On the other
hand, companies rarely expect candidates to be familiar with accessibility guidelines
[Martin et al. 2022]. Not surprisingly, studies indicate a general lack of accessibility in
mobile applications across many domains, sizes, and complexities [Chen et al. 2021a,
Yan e Ramachandran 2019a, [Eler et al. 2018al].

Accordingly, many researchers and organizations have developed automated tools
for supporting accessibility testing, which is especially useful when there is a lack of
testing resources. In general, automated approaches for accessibility testing are based
on static or dynamic analysis. Static analysis has the advantage of quickly analyzing
many software artifacts to detect accessibility issues; however, in mobile settings, such
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types of analysis are quite limited since many accessibility violations can only be
detected using dynamic analysis in runtime due to device configurations and screen
rendering [Silva et al. 2018a, [Eler et al. 2018a].

Dynamic automated testing approaches differ in how they detect accessibility
violations and the way each screen of the app under test is reached [Silva et al. 2018a,
Eler et al. 2018a]: using test scripts, manual exploration, or fully automated. The
limitation of test scripts is that they require specialized professionals to develop thorough
test sets to achieve a high coverage of application screens, which hinders the adoption
of such strategy [Kochhar et al. 2015, Silva et al. 2018al]. The limitation of manual
exploration is that it is time-consuming and it is difficult to repeat across different versions
or test sessions, leaving many parts of the application uncovered [Matos et al. 2023]]. To
overcome the limitations of scripts and manual strategies, fully automated approaches rely
on algorithms that mimic user interaction to explore the application under test and run
accessibility checks during the exploration. However, fully automated approaches also
have limitations, such as the low coverage of features and screens, especially when the
exploration depends on context-aware or sensitive information (e.g. passwords, personal
data), or complex user interaction.

In addition to the specific limitations of different strategies, automated
approaches have intrinsic limitations.  First, they cannot detect all accessibility
issues since the detection of many violations depends on specific usage contexts
and human evaluation; therefore, relying only on automated approaches is not
recommended [Mateus et al. 2020].  Nevertheless, they are useful to make testing
activities more productive considering the accessibility violations they can detect.
Second, accessibility bug reports produced by automated tools cannot specify the impact
of each accessibility violation for the end user, thus making it difficult to prioritize the
issues to be fixed.

In this context, this work proposes an innovative strategy to mitigate some of the
limitations of fully automated approaches: automated crowdsourcing-based accessibility
evaluation. In the context of software development, crowdsourcing is “the performance of
specific software development tasks on behalf of an organization by a large and typically
undefined group of external people with the necessary expertise” [Stol e Fitzgerald 2014]).
Therefore, typically, crowdsourcing strategies for software evaluation consist of experts or
end users carrying out tasks to evaluate the presence of accessibility barriers in parts of a
given application. In our approach, instead of experts evaluating mobile apps on different
devices and scenarios, accessibility testing is automatically carried out by a testing service
we designed to be deployed on the end user’s device as an accessibility service of the
operating system (e.g. Android).

In practice, developers interested in enabling automated crowdsourcing testing of
their mobile apps can include our testing service as a dependency of their mobile project
using artifact repositories (e.g. Maven). When the mobile app is installed or updated, the
testing service will also be installed on the device upon user approval. Accordingly, when
the user opens an application under test, our testing service runs accessibility checks in
each new screen explored by the end user, enabling continuous monitoring of accessibility
issues in these applications. The crowdsourcing aspect of this work is that the accessibility
bug reports produced by the testing service in each device will be sent to a server where
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all bug reports received by all devices will be combined and consolidated. In addition,
our approach relies on users to visit the different screens of a mobile application that will
be tested, not as experts or testers with a planned scenario, but as real people who use
mobile applications during their daily activities.

Such an approach helps mitigate two specific issues. First, achieving high feature
and screen coverage is difficult in automated approaches. In our approach, high coverage
will be achieved by the combination of many distinct features and screens explored by
users of different profiles who use applications for different purposes. The second issue
our approach helps to mitigate is the prioritization of accessibility bugs. Considering
that bug reports come from many devices, information concerning the most frequently
accessed features can be used along with the type of issues information to create specific
impact measures. Furthermore, our approach can be used both during development time,
with intermediate versions of the application evaluated by specific stakeholders, or during
operation time, when the applications are already installed on end users’ devices.

In that sense, this paper makes three key contributions: first, it introduces an
innovative approach to accessing and reporting accessibility issues through the application
of crowdsourcing principles. Second, it proposes a novel severity measure that enables
the prioritization of accessibility issue fixes. Finally, it presents VisioAux, a framework
designed to work as an accessibility testing service that can run on end users’ devices
along with monitored mobile applications. Three aspects of our approach were evaluated:
a) violation detection capabilities; b) performance overhead introduced by VisioAux
on mobile devices; and c) crowdsourcing features. Considering the limitations of our
preliminary evaluation, our findings show that the violation detection capabilities of
VisioAux are comparable to established tools such as Google Accessibility Scanner;
VisioAux does not introduce significant overhead; and VisioAux can manage data
received from different devices and produce combined accessibility reports.

The remainder of this paper is organized as follows: Section [2| shows the current
state of the art in accessibility evaluation for mobile devices; Section E] details the
VisioAux methodology and its architecture; Section [4] discusses results obtained with
VisioAux; and Section [5| presents concluding remarks.

2. Related Work

The mobile development industry has established resources for mobile accessibility
testing, which include tools frequently used by developers and testers to identify problems
in their mobile apps. For example, Lint is a static analysis tool that provides suggestions
for accessibility improvements [Google 2024b]. Robolectric [Robolectric 2024] and
Espresso [Google 2024a] are testing frameworks that can be extended to perform
accessibility checks [Eleretal. 2018b].  Additionally, Accessibility Scanner is an
accessibility testing tool created by Google. It can be enabled, and while the app under test
is being executed, it suggests improvements for accessibility purposes [Aashutosh 2023].

Despite the availability of these tools, accessibility problems are still consistently
found in smartphone applications [Alshayban et al. 2020, (Chen et al. 2021b]. Hence, in
recent years, a considerable amount of scientific effort has been done in the field of
human-computer interaction and software engineering to meet those accessibility criteria
[Silva et al. 2018bl Dias et al. 2021]]. These scientific studies can be classified into two
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groups. The first group of studies consists of automatic correction of a specific subset of
accessibility issues. The second group is characterized by methods capable of identifying
a broader range of accessibility issues.

2.1. Automatically repairing issues

The first group leverages advanced algorithmic techniques to automatically fix violations
of a subset of requirements from WCAG in smartphones. For example, AccessFixer
[Zhang et al. 2023a] uses R-GCNs [] to automatically repair small touch areas, low
padding, and low contrast. Initially, AccessibilityScanner is used to identify screens
with accessibility problems, and through the technique developed, AccessFixer captures
information about these identified problems and formulates strategies to correct the
accessibility problems.

Analogous to AccessFixer, AGAA (Android GUI Accessibility Adapter),
[Xu et al. 2023]] corrects undersized texts and redundant information issues. The
proposed technique is implemented using an SDK (Software Development Kit) made
up of three modules. The first module abstracts the graphical interface elements and
the relationship between these elements as a data structure. The second SDK module
generates high-quality repair solutions using genetic algorithms, and the third SDK
module applies the solution found to the source code.

Similarly, ScaleFix [Alotaibi et al. 2023]] automatically repairs accessibility
problems related to scaling issues without distorting the graphical end-user interface.
Using genetic algorithms, ScaleFix minimizes text cutting and overlap between graphic
interface elements, maintains the characteristics of the elements on the screen, and
minimizes the number of changes needed to the original user interface. During its
execution, ScaleFix generates possible candidates for repairing the screen that contain
the identified accessibility problem, adopting the one that best fits the criteria mentioned.

In addition, there is Iris [Zhang et al. 2023b], repairing errors regarding color
contrast by also taking into account the context of each application. In the mentioned
study, a large database was built of applications without color contrast problems, so that
the color combinations of these applications can be used as a reference in the next stage.
In the second stage of the technique, color pairs (foreground and background colors) are
selected that take into account the context of each application. Finally, the color attributes
of the problematic widgets (such as buttons or labels) are identified and replaced.

SALEM  (Size-based inAnaccessibiLity rEpair in  Mobile apps)
[Alotaib1 et al. 2021]] is a novel approach to test size-based accesibility requirements,
automatically repairing possible issues. As an input, Accessibility Scanner is used to
identify size-based issues (such as small touch area in buttons). Then, in a second phase,
SALEM identifies the properties of elements that must be adjusted to comply with
accessibility guidelines. Then, using a genetic algorithm, the best candidate for a fix is
used and a new version of the mobile application is generated, without the size-based
accessibility problems.

Also, COALA (Context-Aware Labels) [Mehralian et al. 2021]] generates labels
for Android icons. For screen readers - such as TalkBack in Android - to work properly,

'R-GCN - Relational Graph Convolutional Networks



XXIV Simpésio Brasileiro sobre Fatores Humanos em Trilha: Ideias Inovadoras e Resultados Emergentes
Sistemas Computacionais (IHC 2025) - Belo Horizonte/MG

it is essential that images and icons are accompanied by explanatory alternative texts ﬂ
However, the authors of COALA point out that it is important for alternative texts to
be enriched by different sources of information, such as the context in which they are
presented on the screens. To this end, the authors developed COALA, which aims to
predict these alternative texts for icons and images. By using deep learning techniques,
COALA creates a dataset of texts to be used as label suggestions.

2.2. Testing and identifying accessibility problems

Although such methods and tools are undoubtedly innovative, they all share the same
characteristic , i.e., they are capable of fixing rather specific accessibility problems. In
contrast, there is a second major group of methods capable of detecting accessibility
violations on mobile devices. Although not capable of automatically fixing violations,
they are able to identify them and are particularly useful in the development and testing
phases.

For example, MATE [Eler et al. 2018b] mimics user actions through scripts that
interact with the screen being tested. This approach automatically generates accessibility
tests when a new violation is found. MATE ends its execution whenever a parameterized
time limit is reached. Thus, at the end of execution, the application can be classified as
accessible, supported (it can be used by assistive technologies) or inaccessible. To explore
the application, MATE combines screen state abstraction with the testing framework Ul
Automator. A screen state represents the application screen at a given moment in time,
after actions have been performed by users, such as clicking a button that shows a new
popup. Thus, whenever a new state is discovered, MATE assigns each element in the Ul
an equal probability of being chosen and, by interacting with an element in UI randomly
selected, leads to the discovery of a new state. Every time a new state is discovered, new
accessibility checks are performed.

Al1Puppetry [Salehnamadi et al. 2023] uses the RaR - Record and Replay
technique. The RaR technique allows developers to record interactions with screens
during development and testing. In this way, during test execution, the manual inputs
made are repeated in an automated way, eliminating the need for manual interaction
by testers [Lam etal. 2017]. The recorded touch gestures are then played back by
Al1Puppetry, with the TalkBack screen reader activated. As the interactions are replayed,
A1l Puppetry searches for unfocusable elements, actions that cannot be triggered by
assistive technologies, and missing speakable texts.

Mobile applications must be operable through assistive technologies, such as the
TalkBack screen reader on Android. Atari (Automated detector of TalkbAck InteRactive
Accesslbility Failures) [Alotaibi et al. 2022]] was created for this purpose. ATARI
abstracts in a first model the possible interactions via TalkBack of a disabled user on
a given screen via TalkBack. ATARI then abstracts, in a second model, the possible
interactions of users who do not use screen readers. These two models are compared to
identify operability flaws, i.e. actions that users of assistive technologies cannot perform
due to the lack of accessibility in the application.

By abstracting navigation between screens into a graph-like data structure,
MARS [Fok et al. 2022] looks for interface elements (such as buttons) that could trigger

Zhttps://www.w3.org/TR/UNDERSTANDING-WCAG20/text-equiv-all.html
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navigation to a new screen. Whenever a new screen is identified, MARS detects possible
absences of alternative text in images and buttons with images.

For users with low vision, it is essential that text on screens is scalable, allowing
fonts to be enlarged or reduced using text resizing features. To this end, AccessiText
[Alshayban e Malek 2022] is an approach capable of identifying text resizing problems.
AccessiText operates in two stages. First, the Test Runner executes automation scripts
to analyze a screen twice. First as viewed by a user with regular vision, then again after
resizing. Data from both runs is passed to the second stage, Result Analyzer, which
compares the screens to detect (i) non-resized text, (i1) missing widgets, (iii) truncated
graphics, and (iv) overlapping elements.

MAC (Mobile Accessibility Checker) by IBM [Yan e Ramachandran 2019b]
allows developers to integrate a library into apps enabling automatic accessibility
assessment while the app is being developed or tested. During testing, MAC monitors
changes in screen states and classifies accessibility errors as violations, potential
violations or warnings. In order to measure how inaccessible the GUI components of
an application are, the authors of this study have also proposed the IAER (Inaccessible
Element Rate) metric, which estimates the percentage of GUI elements that are
inaccessible and cannot be used by users with disabilities, and the AIR metric, which
calculates the percentage of actual accessibility problems in relation to the maximum
number of accessibility problems that could affect an application.

Latte [Salehnamadi et al. 2021]] reuses preexisting GUI tests to evaluate the
accessibility of mobile applications. With assistive technologies enabled (such as
TalkBack and TextSwitch enabled), Latte re-runs these tests mimicking the way users
with disabilities would interact with the application. If a particular task described in the
test could not be successfully completed using assistive technologies, this implies that the
test detected an accessibility gap. Finally, Latte collects and analyzes the results.

Xbot [Chen et al. 2021b]] is a technique that aims to maximize the number of
screens explored in mobile apps. Using reverse engineering, Xbot enables the automated
navigation in the mobile app by extracting navigation parameters (such as data needed to
navigate to a new screen). Then, in a second stage of its execution, Xbot navigates to the
screens by passing the necessary parameters. Whenever a new screen is discovered, the
Xbot performs new accessibility checks using the Google Accessibility Test Framework
(ATF). At this stage, the graphic interface elements that make up the newly explored
screen are inspected and, if there are any accessibility problems, they are reported.

Groundhog [Salehnamadi et al. 2022] is an app crawler that assesses accessibility
violations without manual effort. Groundhog is a technique for evaluating accessibility
by replicating ways in which users with disabilities would interact with cell phones
using assistive technologies, comparing the results obtained with interactions carried out
without assistive technologies. Groundhog begins by exploring the different states of the
application’s screens. Whenever a new screen is found, all the possible actions that can
be performed are extracted. Using the command line, these elements are triggered by a
server. The result of the executions is then evaluated by a test oracle, which checks the
accessibility level of the application.
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2.3. Research gaps in mobile accessibility evaluation

Even techniques capable of detecting a wide range of accessibility issues still cover a
small percentage of screens and features of complex applications, and they do not take into
account how many end users are affected by those issues, nor how frequently those issues
manifest for the users. In fact, a scrutiny of the current state of the art in accessibility
assessment for mobile devices shows that the majority of available tools and techniques
focus on the design, testing, and development stages of mobile applications.

To the best of our knowledge, no crowdsourcing strategy has been proposed
to evaluate mobile applications accessibility [Song et al. 2018]. In the domain of Web
accessibility, approaches to accessibility testing based on crowdsourcing adopt traditional
strategies [[Alyahya 2020]: experts carry out tasks to evaluate the presence of accessibility
barriers in parts of a given web application. In our approach, however, the crowd’s
expertise is not required, as they act as exploring agents of mobile apps so automated
tests can be executed.

For mobile applications, collecting data from the end-user base (essentially
crowdsourcing insights from real users) has proven to be a reliable technique for
monitoring app behavior and is widely adopted in the industry. For instance, Firebase
Crashlytics monitors application crashes (when apps suddenly stop working and close by
themselves), ranking them by the number of affected users [Firebase 2025]]. Similarly,
UXCam helps teams understand how users interact with the app, such as identifying the
most commonly used features [UXCam 2025]. However, assessing how this would be
feasible in the context of accessibility on mobile devices raises relevant technical and
scientific questions that are worth addressing. Hence, this work presents an emerging and
innovative approach to assessing accessibility problems in mobile devices by leveraging
crowdsourcing concepts.

3. VisioAux: a crowdsource approach for accessibility evaluation

Considering the importance of mobile accessibility and the limitations of current
automated approaches as discussed before, this paper introduces an automatic
accessibility assessment strategy that leverages crowdsourcing concepts to reach two
specific goals: 1) obtain greater coverage of the functionalities and interfaces of the
applications being evaluated; and ii) gather usage data that aids in defining metrics related
to the severity or the impact of identified accessibility issues, which may be beneficial in
devising prioritization strategies; iii) allow the continuous monitoring of the accessibility
of mobile apps while they run on users devices. Accordingly, we devised a crowdsource
approach for accessibility evaluation called VisioAux. A general overview of this approach
and the reasoning behind some design decisions are presented as follows.

3.1. Approach overview

Most accessibility evaluation approaches and tools are based on the execution of
accessibility tests during development or before releasing a mobile app. In addition, most
tools are executed from the perspective of the developer, who has access to the source
code of the application, or as third-party entities, which have access only to the interface
of the application under evaluation. The general idea behind the VisioAux approach is to
present a new perspective for accessibility evaluation: continuous accessibility testing of
mobile applications as they are used by end users on their own devices.
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To realize this vision, our approach relies on two main components: a testing
service and a server. The testing service is executed along with the mobile app under
evaluation and works as a continuous monitoring agent that runs accessibility checks on
each screen rendered on the mobile device. In this approach, instead of using algorithms
to mimic user interaction, the users themselves are the agents that explore the mobile
applications as they perform their daily activities on mobile devices. In this scenario, the
users are not taking part in a test session as this is not perceptible to them. Therefore,
the only screens and features analyzed by the testing service are the ones spontaneously
used by the end user. The results of all accessibility checks are thus sent to a server that
combines and consolidates the results coming from the many devices where the testing
service is running. The information collected does not contain sensitive data, as will be
discussed later in this section.

The reasoning behind our strategy is that accessibility issues can only be detected
if screens are somehow reachable by tools or human testers. However, mimicking
user interaction to achieve suitable screen or feature coverage is limited, and manually
exploring large and complex mobile applications is costly and time-consuming. Hence,
our approach relies on the fact that, in real environments, distinct end users explore
different features and screens of the same mobile applications. For example, one
individual might utilize an application solely to read and send emails, whereas another
might also employ it for scheduling meetings, and yet another might use it for making
video calls. Even if a single user does not visit many screens of the application, we
hypothesize that the combination of the screens visited by all users of the application will
cover most of their features and screens.

In this context, we claim that we can achieve our first goal of reaching greater
app coverage by combining the results of the testing executed on the features and screens
accessed by many distinct users. Notice that, differently from traditional crowdsourcing
testing approaches, which rely on users with disabilities or as experts to run tests on
specific parts of a given application, our approach relies on the crowd only in the sense
that their daily routine using mobile applications will provide the exploration of screens
that will be checked against accessibility criteria by our testing service.

Considering that the server will consolidate data coming from many devices,
we believe we can achieve the second goal, which is to gather information to devise
prioritization strategies. For instance, we can measure which features and screens are
most frequently accessed by end users. Taking into account how many end users were
affected by a bug is already a common measure of severity for other types of bugs, such
as crashes [Firebase 2025]]. At the same time, different accessibility issues might have a
different impact on end users with disabilities. For that reason, it is also important to take
into account the nature of the accessibility violation itself.

At the daily reality of the software industry, where accessibility issues coexist
with a plethora of other types of bugs and resources to fix are limited, it is essential to
address accessibility violations based on the severity of their impact on users. Therefore,
data gathered from mobile devices and accessibility checks could be combined with
information regarding the features within a context, type of issue detected, and so forth,
to propose a proxy measure for impact and severity. By introducing the possibility of
calculating severity and impact using different metrics, this work aims to facilitate the
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adoption of accessibility guidelines by highlighting which problems could be corrected
first.

3.2. VisioAux architecture

In order to meet the requirements of our approach, we propose an implementation of
VisioAux as a three-module architecture as presented in Figure [T} VisioSDK, VisioBack
and VisioDashboard. VisioSDK works as a testing service, which runs accessibility
checks on mobile apps while used by end users. Accessibility bug reports are thus sent
to VisioBack, which works as the server that combines and consolidates bug reports
from many sources. Finally, development teams use VisioDashboard to explore the
accessibility bug reports retrieved from VisioBack to make informed decisions concerning
bug fixing. Each component of this architecture is described as follows.
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Figure 1. The architecture of VisioAux and its modules

3.2.1. VisioSDK

The VisioSDK component plays the role of the testing service discussed in this approach
overview. ﬂ Developers can integrate it into the source code of their mobile application
during the development phase. By declaring VisioSDK a dependency, developers enable

3The source code repository for VisioSDK can be found athttps://github.com/afbarboza/
VisioSdk.
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their mobile applications to automatically run accessibility evaluations in the background.
The integration of VisioSDK in mobile applications is straightforward.

In the context of Android development, VisioAux can be added to a project as a
dependency via Gradleﬂ as presented in Listing |1 Each time a new SDK is added to an
Android app, a new version of the app must be released to the public. This ensures
that the update reaches end users. This is a common process for mobile developers
[Android Developers 2024d]]. For example, adding SDKs such as firebase-analytics for
tracking user behavior, retrofit2 for making network requests, or glide for loading and
displaying images, requires integrating the SDK into the app’s source code. When
development teams integrate the VisioSDK in a similar way, possibly available in Maven
repositories in the future, a new app version must be rolled out. Starting from that version,
users will benefit from VisioAux’s accessibility inspection features. As a result, it is not
necessary to release a duplicated app, with VisioAux integrated, to the general public.

After declaring VisioSDK as a dependency, developers need to provide
their own implementation of the Application base class and register the
VisioAuxLifecycleTracker class as the lifecycle callback. This step is exemplified
in Listing 2] This step ensures that VisioSDK will be notified when a new screen is
shown to the user so it can run accessibility checks. After these two steps, the integration
is complete. Notice that this approach is intended to be adopted by developers that want to
enable online testing features in their own applications, and not for developers that want
to test third party apps.

Listing 1. VisioSDK integration

/* ... Declares VisioSDK as a dependency of the app ... */
implementation ("com.android.visiocaux:visioaux:0.0.1")

Listing 2. Registering VisioAux to listen to changes in screens
public class AppApplication extends Application {
public void onCreate () {
super .onCreate ();
registerActivityLifecycleCallbacks (
new VisioAuxLifecycleTracker ()

)s

VisioSDK implements an Android Service [| called AccessibilityService,
which listens to events called AccessibilityEvent (e.g. click, scroll) that might lead
to some transition in the current state of the user interface [[Android Developers 2024c].
Accordingly, every time an AccessibilityEvent is fired by the user, VisioSDK
triggers accessibility checks to identify accessibility violations. Through this approach,
the coverage of the relevant screens for users is done by the users themselves. As they
interact with the application, they become the agents that provide information on which
screens and UI states should be evaluated.

“Gradle is a build automation tool used to manage various software development tasks, including
compiling and testing.
3In Android, Services enable the execution of long-running operations in the background.
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Every  triggered  AccessibilityEvent has its  corresponding
AccessibilityNodeInfo. The AccessibilityNodeInfo is a data structure that
represents the portion of the screen that triggers the AccessibilityEvent. The main
role of VisioSDK is to map the AccessibilityNodelnfo to the portion of the View that may
contain accessibility violations. Algorithm [I] shows an overview of the implementation
of this process. First, it maps the information from the AccessibilityNodeInfo
provided by the Android AccessibilityService (Line 2) to an Android View; next,
it runs accessibility checks on that view (Line 3); finally, it sends a report to VisioBack
including data on the bug detected and device information, such as manufacturer, Android
Version, screen size and density, and so forth.

Algorithm 1 VisioSDK algorithm for checking the accessibility of a screen

1: procedure EXPLOREACCESSIBILITYNODE(n: AccessibilityNodeInfo)
2: view <~ GETVIEWDETAILS(n)

3: accessibilityIssues < CHECKVIEW(view)

4: REPORTACCESSIBILITYISSUES(accessibilityIssues)

It is also important to consider that screens can change over time without any
user interaction. For example, when a popup appears in the app as a result of a network
response. To handle such cases and to improve screen coverage, VisioSDK schedules
a new accessibility evaluation every 3 seconds. This time interval can be personalized
based on developer’s preferences.

The accessibility checks of VisioSDK are run by the VisioATF, a modified
version of the Google Accessibility Test Framework (ATF) for accessibility evaluation,
which are used by tools such as Espresso Accessibility [Android Developers 2024a]
and Accessibility Scanner [Giebel 2020]. The Google ATF is an open-source library
that performs accessibility checks on Views [Google 2024]]. VisioATF modified the
Google ATF to avoid throwing exceptions when accessibility violations are found, so the
application is not closed, and to include more information on the issues found to allow
for the classification of violations based on impact and severityﬂ Table|l|shows the list of
checks conducted by the ATF and reported by VisioSdk while the application is in use.

In order to classify the impact that different issues could represent to the user,
VisioATF adopted the well-established concept of conformance levels from WCAG
[[(WAI) 2008]]. WCAG defines the three conformance levels A, AA, and AAA. Therefore,
each acceptance criterion of the WCAG is assigned a conformance level. Level A is the
most basic level of conformance. As dictated by WCAG, to be classified as AA for an
application or screen, all the A and AA acceptance criteria must be satisfied. Also, to be
classified as AAA for an application or screen, all the A, AA, and AAA acceptance criteria
must be satisfied. For example, if an app succeeds in meeting the minimum contrast
for texts (level AA) for all its labels but fails at least once to provide one alternative
text to non-text content (level A), then the screen is classified as A. As a result of this
definition, basic violations of WCAG should be given higher priority to be fixed. Table
2] shows examples of the checks carried out by the VisioATF and also the conformance
level assigned to each of them (A, AA or AAA).

The source code repository for VisioATF can be found at https://github.com/afbarboza/VisioATF.
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Table 1. List of checks carried out by ATF adopted by VisioATF

Check Definition

ClassNameCheck Check if the role of the component is correctly
determined.

ClickableSpanCheck Check to ensure that ClickableSpan is not being
used in a TextView

DuplicateClickableBoundsCheck | Checks for touch area overlap

DuplicateSpeakableTextCheck Verifies if two elements share identical audio
descriptions.

EditableContentDescCheck Check to ensure that an editable text is not labeled
by a contentDescription

ImageContrastCheck Checks the minimum required contrast for
images.

LinkPurposeUnclearCheck Checks if links have unclear purposes.

RedundantDescriptionCheck Checks for inadequate or redundant audio
descriptions

SpeakableTextPresentCheck Checks for the presence of alternative text where
necessary.

TextContrastCheck Verifies the minimum contrast ratio in text

TextSizeCheck Checks for text scaling issues.

TouchTargetSizeCheck Checks the minimum touch target size.

TraversalOrderCheck Checks issues related to incorrect navigation by
assistive technologies.

UnexposedTextCheck Checks for text not visible to assistive
technologies.

Table 2. Examples of checks executed by VisioATF and WCAG conformance level

Check name Conformance level | Violated WCAG criterion
ImageConstrastCheck AA 1.4.11
TouchTargetSizeCheck AAA 2.5.5
UnexposedTextCheck A 1.1.1
SpeakableTextPresentCheck | A 2.5.3

3.2.2. VisioAux and privacy concerns

Whenever a mobile app requires access to restricted data or functionality (e.g., location,
list of contacts, or the camera) it requests the appropriate permission from the Android
operating system, which must then be granted by the user [[Android Developers 20241].
This process helps ensure user privacy. Since VisioSDK functions as an accessibility
service, the user must explicitly grant accessibility permission for it to perform its tasks
[Android Developers 2024b]. This behaves similarly to other accessibility services, such
as Accessibility Scanner or TalkBack. Figure [2| illustrates how users can enable or
disable VisioAux: users must activate VisioAux Service and allow it to access internal
information. The displayed message is the default message set by the Android system
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Figure 2. Android settings screen where users can enable or disable VisioAux.

It is also worth mentioning that VisioSDK operates on a per-app basis. If the
developers of the Finance app shown in Figure [I] want to integrate VisioAux analysis,
VisioSDK will not inspect the accessibility of the News app, for instance. The analysis of
the News app is possible if, and only if, its developers integrate VisioSDK into the app’s
source code. This behavior is enforced by the Android kernel, which isolates processes
and prevents one app from spying on another [[Tanenbaum 2009].

3.2.3. VisioBack

VisioBack is a backend application implemented in Java using the Spring Boot framework
ﬂ It exposes a REST API to VisioSdk, enabling VisioSdk to communicate to a remote
backend - VisioBack - about errors encountered while the app was being used. VisioBack
is capable of receiving these multiple reports and persisting them in a relational database.
In this way, it becomes possible not only to report errors, but also to measure which
accessibility errors have been most recurrent, or how many times a particular accessibility
error has manifested itself to the end user. How VisioBack is capable of distinguishing
these multiple errors is explained in further detail in the next paragraphs.

"https://spring.io/why-spring
8The source code repository for VisioBack can be found at https://github.com/afbarboza/VisioBack.
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Whenever VisioBack receives a new accessibility error report, it queries the
relational database to check whether that error has been reported before or whether it
is a new accessibility error. To compare whether a reported error is equivalent to an
error already stored in the database for a particular app, VisioBack applies the algorithm
illustrated in Listing 2] As shown in Listing [2] VisioAux considers two errors to be
equivalent if they are violating the same WCAG criteria (e.g., low contrast below the
recommended), can be found on the same screen, and also on the same widget.

Algorithm 2 Algorithm to check for equivalent accessibility errors
Input: a duple of accessibility errors reported by VisioSdk, E; e E,
Output: True if, and only if, £, == F,. False, otherwise.

if Fy.type # FEs.type then
return false

else if F/.screen # FEy.screen then
return false

else if £'1.widget # Es.widget then
return false

else
return true

For example, consider F/; as a new small touch area problem on the home screen
reported by VisioSdk. Also consider F5 as a small touch area problem on the home screen,
with E5 previously recorded in the database. If £; occurs on the forward button, while
E5 occurs on the back button, then, according to the algorithm in Listing [2| these errors
are not equivalent. In this scenario, VisioBack creates a new record in the database.

Now, if F; and E5 are found to be equivalent, VisioBack has a different approach.
In this case, VisioBack increments the occurrence counter for the given accessibility issue,
instead of creating a new database record. In addition, as VisioBack keeps track of the
uniquely identified devices, it becomes possible to count how many times a particular user
has faced a particular accessibility issue.

Next, for the objectives of this research to be effectively achieved, it is essential
that VisioAux is able to classify the violations found in a given application by the severity
they represent to end users - especially those with disabilities. How this classification is
done and how VisioAux presents a consolidated report to the development teams is the
responsibility of VisioAux’s third and final module, the VisioDashboard.

3.2.4. VisioDashboard

VisioDashboard is a web page implemented using Thymeleaf ﬂ Whenever the
development team wants to check the accessibility issues found in their app as reported
by many devices running VisioSDK, they can resort to VisioDashboard for this purpose
[ﬂ Figure illustrates how VisioDashboard presents some of the accessibility analysis for

“https://www.thymeleaf.org/
0VisioDashboard shares its source code repository with VisioBack, available at
https://github.com/afbarboza/VisioBack.
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developers. Each row represents an accessibility issue found by VisioATF and reported
by VisioSDK.

The first column, severity, shows the severity value o calculated for that
accessibility problem. The second column shows the category of the accessibility
problem (e.g., small touch area). The third column is a message to developers about
how the problem can be addressed. The message clearly identifies the widget with
the reported accessibility issue and provides straightforward guidance on how to fix
it in the next app release. The table is sorted by the severity ¢ in descending order.
In future implementations, VisioDashboard will also implement different visualizations
according to the development team requirements for accessibility reports and also provide
translation support for other languages, such as Brazilian Portuguese.

Severity Type Message
15.0 CONTENT_LABELING  View add_button: This item may not have a label readable by screen readers.
15.0 CONTENT_LABELING  View subtract_button: This item may not have a label readable by screen readers.

75 LOW_CONTRAST View countTV: The item's text contrast ratio is 2.46. This ratio is based on a text color of #399999 and background color of #EEEEEE. Consider
increasing this item's text contrast ratio to 3.00 or greater.

5.0 TOUCH_TARGET _SIZE View subtract_button: This item's size is 10dp x 10dp. Consider making this touch target 48dp wide and 48dp high or larger.
50 TOUCH_TARGET _SIZE View add_button: This item's size is 10dp x 10dp. Consider making this touch target 48dp wide and 48dp high or larger.
133 TOUCH_TARGET_SIZE  View material_switch: This item'’s size is 47dp x 27dp. Consider making this touch target 48dp wide and 48dp high or larger.

1.0 TOUCH_TARGET _SIZE View material_switch: This item's size is 46dp x 27dp. Consider making this touch target 48dp wide and 48dp high or larger.

Figure 3. Issues reported by VisioDashboard

The severity metric (o) presented in the first column of Figure [3]is calculated by
the Equation (1), where NNV is the number of users affected by that particular issue. Value
if [ is calculated by Equation (2), where ¢; is the amount of times the ¢-th user found the
issue.

o= (1)

I=> 4 )

i=1

The value of « is associated with the WCAG conformance level, and it is
mathematically defined as follows.

3)
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The reasoning behind severity estimation. Classifying accessibility problems may not
be as trivial as it appears to be. To discuss this aspect, consider a hypothetical food recipe
application for mobile phones. In a certain version, the development team chooses to
integrate VisioSdk’s accessibility analysis. This application contains multiple screens
and, unfortunately, two distinct accessibility errors that have not yet been corrected. The
first error, I/, concerns the resizing of the text. Users with low vision, willing to scale
the font size to be able to see the description of a recipe in larger font size, are faced
with text that cannot be resized. This error is a violation of the success criterion 1.4.4 of
WCAG 2.2, which has a compliance level of AA. At the same time, on another screen
that is less frequently accessed, there is a picture and nutritional information about an
ingredient. The ingredient picture, which contains important information about allergies,
does not have an alternative text that describes all the information presented in the image.
This error, hereinafter called F5, is a violation of WCAG 2.2 criterion 1.1.1 and has a
compliance level of A.

The number of users N who have encountered problem FE; while trying
(unsuccessfully) to enlarge the font is the first variable taken into account by VisioAux.
The premise of this work is that the more users who are affected by FE, the higher the
priority should be for correcting it. In this example, consider that Ng; = 10 and Ngo = 5.
If only N was considered, since Ng; > Npgo, E; should be fixed first.

However, the number of affected users may not be the only variable of interest.
The number of times that the same user encounters [ is also relevant. In this example,
consider that 10 users encountered the error £, with each user encountering the problem
1 time. This measure, here called incidence and denoted by I, would be /5, = 10, since
10 x 1 = 10. In contrast, for error £, each of the five users (Ngy; = 5) encountered the
absence of alternative text three times, totaling 15 incidents of Ej, since /gy = 5x3 = 15.
Incidence I is then defined as the sum of times all users encounter an error.

If only the number of users /V is considered, then £; might have a higher severity.
If only the incidence [ is considered, then > would have a higher severity. At this point,
it becomes clear that both variables should be taken as indicators of the severity of an
accessibility error. This is precisely what VisioAux does by taking the severity as being
proportional to the number /V of users affected and the incidence [ of an error.

In the example mentioned above, if only N and [/ were considered in Equation
(1), the severity of error £y (0g1) would be 100, since N =10 and / =10 ( 10 x 10). The
severity of error Es (0g2) would be 75, since N =5 and I = 15 (5x 15). Since g1 > 0o,
the error F; would naturally represent a higher severity. Since the conformance level
should matter, a third variable was introduced as « in Equation (1), which represents the
conformance level of an accessibility problem. In the provided example, ag; is equal to
2, since the error £ violates a principle with conformance level AA. On the other hand,
apo 1s equal to 1, since the error Es violates a WCAG principle with conformance level
A. Following Equation (1), the severity of error £y (0g1) is 50 and the severity of error
E5 (0go) is 75, which means E> would have priority to be fixed.

VisioDash extension. Considering that different development teams have different
perspectives on bug severity, especially when contextual information regarding features
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are taken into account, future implementations of VisioDash will allow developers to
personalize the estimation of the severity of each accessibility violation found using
information gathered by VisioSDK within mobile devices and any other information
added by the development team.

4. Preliminary evaluation and emerging results

At its current stage, three studies were conducted to evaluate the feasibility and the
applicability of VisioAux in a real environment. The first study was conducted to
understand how effective VisioSDK is in detecting accessibility issues in mobile apps.
The second study was conducted to understand the impact of VisioSDK on mobile app
performance. The third study was conducted to investigate the capabilities of VisioAux
in gathering accessibility reports originating from various devices. The three studies are
described as follows.

4.1. Study 1 - Accessibility issues detection capabilities

The first concern regarding an accessibility testing tool is whether it is capable of detecting
accessibility issues. Even though VisioAux was built upon the Google Accessibility
Testing Framework, which has been thoroughly tested by many well-known approaches
and tools, we proposed the following research question to perform a preliminary
evaluation of VisioAux:

RQ: To what extent is VisioAux capable of detecting and reporting accessibility
violations in mobile applications?

We executed the following steps to answer this research question. First, we
randomly selected ten applications of different categories from the F-Droid repository,
with a varying number of downloads to enable the generality of our results to various
domains. Table [3] shows the list of apps selected in this step. Each app was modified
to include the VisioAux dependency and the required changes were implemented (cf.
Listings [I] and [2). Next, we defined three different tasks for each application, which
correspond to possible user interactions. Considering the need to reproduce such tasks
many times, we created test scripts to automate their execution in mobile settings E

Following, we established a baseline of comparison to evaluate the capability
of VisioAux to identify accessibility issues. Accordingly, we decided to compare the
results obtained with VisioAux with results obtained with Google Accessibility Scanner,
which is frequently used in experiments related to automated accessibility evaluation for
mobile applications [Zhang et al. 2023a, |Alotaibi1 et al. 2023, [Salehnamadi et al. 2023,
Alotaibi et al. 2022 [Salehnamadi et al. 2022, [Chen et al. 2021b, |Alotaibi et al. 2021),
Salehnamadi et al. 2021]. Finally, we executed the three tasks of the ten apps (30
executions) on two specific settings: i) the original app with accessibility issues being
detected by Accessibility Scanner; and ii) the app version with the VisioSDK integrated
with accessibility violations being detected by VisioSDK and VisioATF. All measures
were taken to make sure the intended version was running on the mobile device, such as
uninstalling the previous version and rebooting the device.

'The source code repository for VisioExperiments, which contains the test scripts, is available at
https://github.com/afbarboza/VisioExperiment.
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Table 3. Selected apps for VisioAux experiments.

App Name Category Number of Downloads
Catima Finance 5000
Decisions Sports & Health 5000
Simple Draw | Graphics 100000
PaperWallet | Finance 10000
PxerStudio Graphics 100
Aegis Security 100000
AVNC Connectivity 1000
Hauk Navigation 500
Shaarlier Internet 1000
Fosdem Events 10000

Table {] shows the comparison between the results obtained with Accessibility
Scanner and VisioAux. In total, 332 accessibility violations were reported combining all
results, but only 249 issues were found by both tools. Some violations were found ony by
Accessibility Scanner (38) and some only by VisioAux (45). For some apps, VisioAux
performed better. For example, for the Catima application, a total of 22 violations were
reported: 17 were detected by both VisioAux and Accessibility Scanner, but VisioAux
reported 5 problems that were not identified by Accessibility Scanner and no issues were
detected only by Accessibility Scanner. On the other hand, considering the Decisions app,
a total of 12 accessibility problems were reported: 6 issues were found by both VisioAux
and Accessibility Scanner; one accessibility problem was found only by VisioAux; and
five accessibility problems were found only with Accessibility Scanner.

Table 4. Comparison between the accessibility issues detected by Accessibility
Scanner (A.S) and VisioAux (V.A.)

App Both | Only A.S. | Only V.A. | Total
Catima 16 0 8 24
Decisions 7 8 0 15
Simple Draw 43 1 6 50
PaperWallet 56 13 1 70
PxerStudio 31 0 2 33
Aegis 18 2 2 22
AVNC 10 6 1 17
Hauk 37 4 1 42
Shaarlier 25 4 0 29
Fosdem 6 0 24 30
Total 249 38 45 | 332

All accessibility issues detected by VisioSDK while the apps were being executed
were reported to VisioBack. In addition, VisioDashboard successfully computed the
severity score o for each issue, correctly determining whether an issue was new or had
already occurred multiple times. Also, it sorted all the issues in descending order based
on the defined severity metric o. Our findings show the most recurring problems found
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in this experiment are mostly related to text resizing, color contrast (in images and text),
and alternative text. Interestingly, similar results can be observed in previous studies
[Yan e Ramachandran 2019b, |Chen et al. 2021bl].

4.2. Study 2 - Performance

In operating systems for mobile devices, the thread model defines a main thread, which
is often called the Ul Thread, as responsible for handling user interactions, such as
button clicks or scroll operations. It is also the thread responsible for rendering the
graphical interface elements [Android Developers 2024¢l /Apple Inc. 2024]. If the Ul
thread is taking too much time executing long-running operations, such as waiting for
the response of network requests, the user experience could easily be degraded by a non-
responsive app [Android Developers 2024¢e]. Considering that VisioSdk detects changes
in the screen state and, together with VisioATF, identifies accessibility issues in the
graphical interface, it is only natural to question whether VisioAux could compromise
user experience, making the application unresponsive or even unusable. Thus, it led to
the following research question:

RQ: Can VisioAux compromise the user experience by affecting the performance
of monitored mobile applications?

To objectively answer this question, we designed an experiment to compare the
performance of the ten mobile applications with and without the VisioSDK integrated.
First, we wrote test scripts to automate the execution of the 30 scenarios mentioned in
the first study (three scenarios for each app). Next, we ran the test scripts to execute
each scenario considering both the mobile application with and without the VisioSDK
integrated. For each of the 30 tasks executed, the execution time was recorded as 0 =
t — ty, where t represents the final time instant of the task, and ¢, represents the initial
time instant of the task. Therefore, ¢ represents the amount of time each task took to
execute. To mitigate the effects of external variables (e.g. caching), each of the 30 tasks
was repeated three times and we calculated the average of all executions for each task.

Since we are not interested in the task execution time itself, but rather in evaluating
whether VisioAux could degrade performance, our measure of interest is given by the
difference between the execution times of the tasks with and without VisioAux. Assuming
that VisioAux would take more time, we define this difference as A = oy 4 — §. Table
shows the average execution time for each test scenario for both versions of the app
(Original or with VisioSDK). Notice that no A (overhead) value exceeds 2.5 seconds
for the whole test scenario, which means that no overhead was observed beyond even
half the time required for an Android application to become unresponsive at a given
specific task, i.e., 5 seconds [Android Developers 2024¢]]. In some cases, the app version
with VisioSDK integrated ran faster than the original version. This does not mean
that VisioSDK makes the app more efficient; rather, it shows that other factors such as
networking and Android services may have a more significant impact than the overhead
introduced by the accessibility checks.

4.3. Study 3 - Crowdsourcing Capabilities of VisioAux

The first premise of VisioAux is to enable a single device to report accessibility issues
across multiple screens. The second is to allow the aggregation of reports from different



XXIV Simpésio Brasileiro sobre Fatores Humanos em Trilha: Ideias Inovadoras e Resultados Emergentes
Sistemas Computacionais (IHC 2025) - Belo Horizonte/MG

Table 5. Average execution time (in ms) for each task of each app, considering
both the original app and the version with the VisioSDK integrated.

App-Task | Original | VisioSDK A App-Task | Original | VisioSDK | A
1-1 17949 16858 | -1091 6-1 13577 13952 | 375
1-2 31891 29487 | -2404 6-2 7523 7577 54
1-3 17455 15659 | -1796 6-3 7461 7560 99
2-1 24984 24716 | -268 7-1 9636 9591 | -45
2-2 32344 31976 | -368 7-2 10299 10220 | -79
2-3 16296 16195 | -101 7-3 7666 7595 | -71
3-1 36101 36272 171 8-1 3975 3926 | -49
3-2 23890 23974 84 8-2 13618 13659 41
3-3 13711 13570 | -141 8-3 15394 15631 | 237
4-1 6754 6752 -2 9-1 12275 12133 | -142
4-2 13412 13576 164 9-2 19732 19728 -4
4-3 20763 20702 -61 9-3 33255 33068 | -187
5-1 9892 9819 -73 10-1 14043 14116 73
5-2 16769 17070 301 10-2 11499 11220 | -279
5-3 7526 7476 -50 10-3 11345 11587 | 242

devices, facilitating the classification of issues for development teams and achieving
higher coverage given the distinct features and screens visited by multiple users. Based
on these premises, we pose the following research question:

RQ: To what extent is VisioAux capable of covering different screens and
aggregating accessibility reports from multiple devices?

To assess VisioAux’s potential in this regard, we selected Fosdem[lzl an event
organization app with over ten thousand downloads in the Google Play Store. We defined
three main usage flows representing three types of user interactions as illustrated by Figure
M} a) Flow I simulates a user exploring the details of a talk within a specific topic (three
screens); b) Flow 2 represents a user searching for information about a talk (one screen);
c) Flow 3 involves a user navigating through the app’s settings screen (one screen). In
total, six distinct devices were used: three for Flow 1, two for Flow 2, and one for
Flow 3, with no device reused across flows. Each flow was manually explored by the
authors of this study. To adequately address the research question, VisioSDK generates a
unique identifier for each device based on UUID and timestamp, without collecting user
or device data, thus ensuring anonymity. Additionally, VisioSDK also logs the screen
name whenever an accessibility issue is detected.

Accordingly, we queried the VisioBack relational database to obtain the number
of detected devices, the number of identified screens, and the number of devices per
screen.According to this preliminary evaluation, VisioBack successfully identified six
different smartphones accessing the application; detected that a total of six distinct screens
were explored by combining the results of the distinct devices; and determined how
many devices explored each screen (i.e., three smartphones accessed the first flow). As a

2https://play.google.com/store/apps/details?id=be.digitalia.fosdem
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Figure 4. The three flows defined for the app Fosdem

preliminary evaluation, our findings suggest that VisioAux is mature enough to undergo
future and further evaluation with real users and real testing scenarios.

5. Discussion

Our crowdsourcing approach to accessibility software testing demonstrates significant
promise, as evidenced by three preliminary experimental findings. First, when compared
against an established tool like Accessibility Scanner, VisioAux detected a similar set of
accessibility issues and sometimes identified violations that were not even detected by
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Accessibility Scanner. With future implementation of actionable tests for more testable
accessibility criteria defined by accessibility guidelines such as WCAG, we believe our
approach has the potential to be adopted in real environments.

Second, the performance overhead measurements revealed that VisioSDK
operates efficiently alongside the application under evaluation, imposing minimal or
even no resource demands. This technical efficiency is critical for real-world adoption,
as developers often resist solutions that degrade user experience or require extensive
instrumentation. Our findings show that accessibility checks run smoothly, in a way that
applications under evaluation will not have their performance compromised, disrupting
user experience.

Third, VisioAux, specifically the VisioSDK component, was capable of collecting
accessibility issues across different screens. Another component, VisioBack, was
responsible for gathering and centralizing various accessibility reports from multiple
devices into a single database, enabling a comprehensive analysis of the app’s
accessibility for different user profiles. Based on the results obtained, VisioAux addresses
the identified gaps in the state of the art by showing promising results in enabling the
monitoring of mobile applications through crowdsourcing.

We believe that one of the reasons that no or little overhead is introduced during
the process is the fact that the accessibility checks are run within the mobile application,
accessing information as internal views. Such an approach is quite different from when
external tools need to access information from mobile apps under testing using only
Android Services and sometimes having to take screenshots and run image processing
algorithms to calculate contrast ratio, widget size, and so forth. We also leverage
Android’s asynchronous programming capabilities, particularly Kotlin Coroutines, to
ensure that the Ul thread remains responsive. [Google 2024].

Compared to related work, our approach differs from existing automated methods
in many ways. Firstly, it doesn’t use test scripts or algorithms; instead, users navigate
the app, and accessibility checks are conducted by the testing service deployed at users’
device. Secondly, our method achieves better feature and screen coverage by leveraging
multiple users’ explorations rather than scripts or a few experts. Lastly, it tracks screen
visits and violations to prioritize fixing accessibility bugs. It is important to emphasize
that our approach was designed to complement existing approaches, including manual
evaluation, and adds new testing alternatives such as monitoring app accessibility during
runtime.

Scope and limitations. We understand that our findings are limited because they
are based on preliminary studies. Nevertheless, they sufficiently justify additional
development and assessment of our methodology. This would lead to more robust
conclusions regarding its applicability, ultimately paving the way for more intricate
experiments in real-world environments with both end users and development teams.

Other mobile platforms, such as iOS, were not considered in this research.
Extending VisioAux to mobile or web counterparts would require additional highly
skilled personnel with expertise in those platforms. However, by establishing the scientific
foundations of VisioAux, we believe that developing analogous approaches becomes
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primarily an engineering effort.

It is also worth mentioning that the WCAG encompasses a broad spectrum
of accessibility success criteria. While some of these criteria can be evaluated
algorithmically, a considerable number require human judgment for proper assessment
[Alonso et al. 2010]]. This work does not aim to address those criteria that can only be
evaluated through human testing, such as the presence of adequate captions or subtitles in
media, which are essential for deaf users.

6. Conclusion and future directions

In this paper, we proposed an innovative way to leverage crowdsourcing concepts
to perform accessibility testing of mobile applications. Differently from traditional
crowdsource testing approaches, in which the crowd’s expertise in software testing is used
to thoroughly assess a software application, VisioAux does not require any expertise from
participants. Rather, they act as mobile app explorers who will expose different interface
configurations and screens to the VisioSDK, which in turn will run accessibility checks.

By proposing crowdsourcing as a way to evaluate and monitor accessibility issues,
we aim to improve the current landscape in digital accessibility evaluation for mobile
devices. This approach isn’t about replacing existing pre-release testing methods, such
as the necessary manual testing by users with disabilities and specialists, but rather
serving as a complement to them, offering development teams additional insights. Our
objective is to elevate accessibility to the same level of importance as other software
quality attributes, such as security and performance, through the implementation of
similar monitoring strategies. Moreover, our work underscores how crowdsourcing
can democratize accessibility testing, making it more scalable and inclusive without
compromising on technical rigor or user experience.

Our approach differs from traditional accessibility monitoring in two main aspects.
In traditional accessibility monitoring, an automated tool periodically runs accessibility
checks as a third-party entity on the monitored application to identify accessibility issues.
The limitation of this approach is that it is based on automated tools, which in general
provide limited coverage, as discussed before. Our approach relies on the end user as
the agent that explores the application as they use it in daily activities. In addition, our
approach is based on a testing service that runs along with the mobile application being
monitored, which means it has access to the internal structure of the app, without the
inherent limitations of mobile tools that access the evaluated apps as third-party entities.

Findings from our preliminary studies motivate further development and
investigation as the capabilities of detecting accessibility issues for our tool are
comparable to well-established tools such as Accessibility Scanner, and no significant
overhead is introduced in the process when it comes to the regular usage of the mobile app
being continuously assessed. Considering this scenario, many future works are necessary
to consolidate our results and deliver a more robust framework that can be adopted in a
real-world environment.

The first study we intend to conduct as future work is a large-scale experiment in
which a mobile app running with VisioSDK integrated is deployed on multiple devices
and used by real end users for a certain period of time. The results obtained concerning
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accessibility issues detected and feature/screen coverage will be compared to results
obtained by the state-of-the-art approaches that automatically evaluate the accessibility
of mobile applications.

The second study concerns the assessment of the relevance of the metrics collected
from the devices and applications under evaluation for determining the severity and the
impact of the accessibility violations detected. Such investigation will be conducted
with accessibility development teams that have large experience in reporting, prioritizing,
and fixing accessibility bugs. Therefore, this evaluation will be useful to evaluate the
proposed metric for severity and impact and the flexibility of VisioDashboard in allowing
development teams to personalize severity metrics calculations.

With this approach, we envision a scenario in which accessibility testing services
will be natively embedded in future versions of operating systems such as Android to
allow for checking the accessibility of all mobile apps, reporting back to developers
a list of accessibility violations, thus allowing development teams to continuously
improve mobile accessibility by addressing accessibility bug reports received according
to established prioritization metrics and strategies they define.

Ethical concerns

This study did not involve experiments with human subjects. All testing scenarios in
our first two experiments were defined and automated by the authors of this paper. The
third study was conducted by the authors using their own devices to simulate actions of
three distinct users. Considering future endeavors, we emphasize that VisioAux does not
collect any personal information from the user; only detected accessibility issues are sent
to VisioBack. Additionally, VisioSDK operates only with the user’s explicit consent, a
requirement enforced by the Android operating system through permission settings.
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