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Abstract

Accessibility is an important quality factor of mobile applications.
Many studies have shown that, despite the availability of many
resources to guide the development of accessible software, most
apps and web applications contain many accessibility issues. Some
researchers surveyed professionals and organizations to under-
stand the lack of accessibility during software development, but
few studies have investigated how developers and organizations
respond to accessibility bug reports. Therefore, this paper analyzes
accessibility bug reports posted in the Chromium repository to
understand how developers and organizations handle them. More
specifically, we want to determine the frequency of accessibility
bug reports over time, the time-to-fix compared to traditional bug
reports (e.g., functional bugs), and the types of accessibility barriers
reported. Results show that the frequency of accessibility reports
has increased over the years, and accessibility bugs take longer to
be fixed, as they tend to be given low priority.
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1 Introduction

Mobile applications have become ubiquitous in the modern age as
they are used by billions of people every day. Digital accessibility
plays a crucial role in this context, as it is intended to ensure that
digital products, services, and content can be perceived, understood,
and operated by a wide range of users, regardless of their physical,
intellectual, or mental capacity [57]. Unfortunately, despite the
existence of an extensive body of knowledge and tools to support
the development of accessible software, many studies have reported
that most mobile and web applications still impose several barriers
to people with disabilities [13, 24, 45, 61].

Consequently, some researchers investigated the perceptions
and opinions of developers when it comes to their awareness and
knowledge of accessibility, as well as the main barriers and motiva-
tions regarding the inclusion of accessibility requirements in the
development process [21, 39]. In general, participants reported that
the main barriers are the lack of knowledge and training, as well as
the lack of accessibility requirements from each project or organi-
zation. Bi and Xia [20] investigated accessibility issues reported by
developers in popular GitHub projects over two years. The authors
collected 11,820 accessibility issues and grouped them into seven
categories based on the type of issue. The study revealed the poten-
tial causes of accessibility issues and the lack of knowledge among
developers about these issues. However, the study was conducted
over a single period of time, so it is not clear if the findings are
generalizable to other time periods.

The existing literature provides insights into why accessibility
is often not addressed during the development process. However,
there is a paucity of studies that examine how developers and orga-
nizations respond when evidence of the lack of accessibility of their
software is presented. For example, few studies have investigated
how developers and organizations address accessibility bug reports
[35], how they are classified [12], and how long it takes to fix them
[64].

Accordingly, we present an investigation whose purpose is to
study the accessibility bug reports on the repository of the mobile
version of Chromium in order to understand how developers and
organizations handle them in comparison with traditional bug re-
ports (e.g., crashes, functional bugs). More specifically, we want
to identify i) the distribution of accessibility bugs reported over
time; ii) how developers and organizations prioritize bug reports,
including the reasoning behind their choices and the time they take
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to fix them; and iii) what is the cause of most accessibility issues
reported? We chose to study bug reports for Google Chromium
because it is a widely used open-source project behind the Google
Chrome browser and the Google Chrome OS. In addition, this repos-
itory is easily accessible and offers adequate data considering the
scope of our study. To guide our investigation, we framed our study
around the following research questions:

RQ;: What is the progression of accessibility bug reports?

With this RQ, we want to understand whether the number of
bugs being reported is increasing or decreasing over time, which
can be an indication of the accessibility evolution of the Chromium
mobile app and of the user involvement in reporting barriers to im-
prove Chromium’s accessibility. We conduct such analysis for both
Android and iOS platforms. We found that the Android browser app
has more accessibility issues than i0S, and the number of issues
is increasing over time, whereas the iOS accessibility issues have
reduced over time.

RQ7: How does the time-to-fix of accessibility bug reports
compares to the time-to-fix of other bug reports?

With this RQ, we want to understand how accessibility bug
reports are handled in practice, considering how much time devel-
opers take to fix both accessibility-related and non-accessibility
related bugs reported. In addition, we investigated how accessibility
bugs are classified and prioritized in the bug-fixing cycle. Such in-
formation can give us insight into whether developers acknowledge
or dismiss accessibility as important as any other quality feature.
We found that fixing accessibility issues takes longer and is given
less priority than fixing non-accessibility issues, which are given
high priority regardless of the mobile platform.

RQj3: What is the root cause of accessibility bug reports?

With this RQ, we want to identify the specific accessibility vi-
olations that led to each accessibility bug report. A thorough cat-
egorization of accessibility-related bug reports was conducted on
the Android and iOS platforms to address this RQ. Two reviewers
carefully read and classified each accessibility bug report. By un-
derstanding the most common accessibility issues highlighted in
these bug reports, developers can proactively address them in their
current and future applications, ensuring improved accessibility
for a wider range of users.

This paper is organized as follows. Section 2 presents some back-
ground information related to bug-tracking systems and mobile
accessibility. Section 3 describes our study design, while Section
4 presents and discusses the results by answering our research
questions. Section 6 outlines the related work. The threats to the
validity of our study are presented in Section 7. Finally, Section 8
presents some concluding remarks and future directions.

2 Background

In this section, we present some background information about
bug-tracking systems, Chromium software systems, and mobile
accessibility guidelines.
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2.1 Bug Tracking Systems

A bug tracking system, also known as an issue tracking system,
enables managing, tracking, and resolving programming issues
in wide-ranging software projects. The software in use frequently
auto-generates the end user’s problem in the form of a report that is
then examined and fixed by developers. These reports are collected,
checked, and screened; if a noticeable problem is found in the
report, it will be assigned to a developer to resolve the issue. Once
addressed, these reports are documented and cataloged accordingly
so that if their need arises in the circumstance of a later case, they
can be referred to reliably. The issue reports’ lifecycle is quite simple:
firstly, the symptoms and replication steps are submitted by the user
in a report through an online form, and it is allocated for review
(triage).

2.2 Overview of Chromium

In this case study, we focus on one of the largest open-source bug re-
port repositories, Chromium platforms, which is spread across var-
ious mobile platforms. As the Chromium application is supported
on various platforms and system environments, we chose the do-
main of web browsers. Specifically, we chose Google Chromium’s
Android and iOS, as these are open-source projects that are widely
used and whose development methods can be tracked and ana-
lyzed by anybody. In the rest of this section, we discuss how the
Chromium projects are evolving and how this process varies be-
tween the Android and iOS versions. We also provide guidelines
for mobile accessibility.

Software Goals. Google Chromium is a widely utilized web
browser in the digital domain. Launched initially as a desktop ver-
sion in 2008, its first mobile iteration was introduced in 2011. Sim-
ilarly to other contemporary browsers such as Safari, Chromium
is constructed upon the WebKit framework. It is essential to dif-
ferentiate between two variants of Google browsers: Chrome and
Chromium. Chrome, a branded version by Google, caters to the
majority of end-users as a closed-source project. Nevertheless, it is
predicated upon its open-source counterpart, Chromium, which is
developed and disseminated under a BSD license. Google’s Chrome
enhances Chromium with an array of exclusive features, including
support for diverse media formats. Additional benefits of Chromium
encompass the absence of usage data storage and transmission,
as well as the capacity to disable the security sandbox on Linux
platforms. Due to the inaccessibility of data from closed-source
components of Chrome, this project has opted to study Chromium
as a proxy for Chrome. Considering that a significant portion of
Chrome’s strategic functionality is derived from Chromium, we
consider it a reasonable choice.

While the primary feature sets of Android and iOS Chromium
are similar, users may notice differences in aspects such as bat-
tery consumption, accessibility, startup time, security/privacy (a
Google-backed project versus an open-source project [49]), plugin
availability, and more. Chromium provides a mobile version of its
application for both Android and iOS platforms. In 2013, the release
of Android version 4.4 (“KitKat”) marked Chrome as the default
browser for the Android platform, while Safari remained the default
browser for the iOS platform. Users can typically download and
install these apps independently if desired. Although numerous iOS
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Figure 1: Overview of our study approach.

users express interest in using the Chromium app, some opt for
Chrome instead since Safari is primarily a closed-source project that
has not been ported to Android and, thus, has not been examined
in this study.

Release Frequency. Table 1 summarizes the release cycle dura-
tion for both iOS and Android applications [37, 47, 48], representing
the number of days between consecutive official releases. This ta-
ble does not distinguish between major and minor versions and
solely includes official releases accessible to customers through
official app stores, excluding any unofficial releases, such as beta
versions. The table reveals Chromium’s median release cycle times
for Android (one-week median) and iOS (three-week median). This
observation suggests that the median release cycle times for iOS
are twice as long as those for their Android counterparts. These
disparities may highlight differences in issue management across
platforms, as projects with shorter cycle times might have reduced
time allocated for quality assurance [38].

Table 1: Summary of the time between consecutive releases
(in #days) for the two platforms.

Platform | Min. | Q1 | Median | Mean | Q3 | Max.
Android 1.00 | 3.00 7.00 14.04 | 17.00 | 103.00
i0S 1.0 10.5 21.0 24.8 37.0 77.0

2.3 Mobile Accessibility Guidelines

Mobile accessibility is addressed by both WCAG 2.2 and the U.S.
Revised Section 508 standards. For web content, the primary focus
is on WCAG 2.2 [57]. To apply WCAG 2.2 to mobile applications
and content, W3C provides specific guidance [58]. The U.S. Revised
Section 508 standards mandate that mobile content complies with
WCAG [22]. Additional regulations exist, such as the BBC Standards
and Guidelines for Mobile Accessibility from the UK [15], which
presents a series of easily implemented best practices for mobile
content. The IBM Accessibility Checklist [1] consolidates the U.S.
Revised Section 508 standards and WCAG 2.0 Level A and Level AA
Success Criteria (SC) into checkpoints, each representing a distinct
accessibility requirement. Since the accessibility requirements of
the U.S. Revised Section 508 and WCAG 2.0 differ, the IBM checklist
encompasses both to cater to customers from various countries and
regions. For example, customers in Europe often require WCAG

2.0, whereas those in the United States may need U.S. Section 508.
The IBM Checklist is flexible, allowing customers to select both U.S.
Revised Section 508 and WCAG 2.0 for their web pages or mobile
applications or to utilize just one of these.

In addition to these standards, mobile device manufacturers
offer platform-specific guidelines, such as Android User Interface
Guidelines [29], Google’s Accessibility Developer Checklist [28, 31],
and Apple’s i0S Human Interface Guidelines for Accessibility [30].
These guidelines supply information on platform-specific accessi-
bility infrastructure and APIs, which subsequently facilitates the
mapping of accessibility requirements to platform implementations.
IBM Mobile Accessibility Checker (MAC) [2] employed specific
guidelines for iOS and Android platforms to establish accessibility
rules and rule mappings for corresponding widgets.

3 Study Design

This section explains the methodology of our research and how we
gathered and analyzed the data to answer our research questions.

3.1 Study Approach

In this section, we present our overall study approach to the bug
report of the Chromium project on Android and iOS platforms.
Figure 1 shows the overall design of our study. First, we extracted
all the necessary data from the Chromium bug-tracking system.
Chromium uses a Monorail! bug tracking system as their primary
database to record their bug reports. Monorail is an issue-tracking
system in which users can basically request new features and report
issues of any type, including bug reports of any type. For each type,
there is a template of the information that the user should provide
so the developers can respond efficiently or take some action. When
it comes to bug reports, for instance, users are suggested to write
the steps that will reproduce the problem and report the expected
and the actual output, in addition to the consequences of the bug
being reported along with any additional information.

We then filtered the downloaded data based on the type of the
bug report as Defect or Bug. Next, we identify the bug report based
on Android and i0S platforms. For each platform, we split the
data extracted based on two types, accessibility-related and non-
accessibility-related. We can then define problems relating to a
given platform and measure the appropriate metrics for these issues

!https://bugs.chromium.org/hosting/
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Table 2: Present the process of the data collection steps and the summary of the statistic of datasets.

Chromium Step (1) Step (2) Step (3) Step (4) Step (5) Step (6) Filtering Distribution Time Spin
Projects # downloaded # Discarded | # After cleaning # Defect | # Adding All OS | # Total Report Type # Bug Report | Start Date | End Date
Non-Accessibility 28,958 07-05-2014 | 19-11-2020
Android 39,633 3,144 36,489 29,503 30,266 Accessibility 1,308 03-09-2008 | 23-11-2020
Non-Accessibility 8,092 14-09-2009 | 17-11-2020
iOS 11,395 160 11,235 8,305 8,941 Accessibility 849 03-09-2008 | 16-11-2020

reports. Next, we analyzed the problem bug report metrics to define,
for each app, potential differences between accessibility bug reports
in Android and iOS platforms. The primary metrics examined in
this study are defined in-depth in the approach to each of our three
research questions.

3.2 Data Collection and Processing

Data collection is the step (1) in our study. Our goal is to study
the accessibility bug reports in Chromium mobile platforms. To do
so, we collected all bug reports that were archived in the Monorail
repository. After downloading the bug reports related to Android
and iOS projects from the Monorail database, we performed data
cleaning in two steps. In step (2), we removed any bug reports
that were unhelpful, testing, or debugging. In step (3), we removed
all duplicate bug reports on both platforms. We found that 3,144
and 160 bug reports were removed in these steps for the Android
and iOS platforms, respectively. This reduced the number of bug
reports to 36,489 in Android and 11,235 in iOS. Furthermore, we
only considered bug reports that were typed as Defect or Bug. We
eliminated all other types, such as feature, task, and enhancement,
in step (4). This yielded a total of 29,503 bug reports in Android
and 8,305 in i0OS. We provided some examples in Table 3. While we
were mining the bug reports for the selected platforms, we noticed
that several bug reports were reported as "All" in the OS field. This
means that the bug could affect both Android and iOS platforms.
In step (5), we decided to consider each of these bug reports as two
separate reports, one for each platform. This is because we wanted
to ensure that we captured all of the relevant data for each bug.
Therefore, we added 763 bug reports to the Android dataset and 636
bug reports to the iOS dataset. After all five steps, we finalized our
final dataset, which yielded a total of 30,266 bug reports for Android
and 8,940 bug reports for i0S in step (6). Table 2 summarizes all the
data collection and processing steps.

As the bug track system (Monorail) is used to file any type of
bugs, after finalizing the complete datasets for both platforms, we
needed to distinguish between accessibility and non-accessibility
bug reports. In the Chromium bug repository, project teams assign
labels to bug reports based on their relevance. To ensure that our
datasets of accessibility and non-accessibility bug reports were
reliable and accurate, we considered bug reports labeled as "A11y",
"accessibility”, or "team-accessibility" to be accessibility-related.
This systematic approach ensured the validity of our datasets and
prevented any potential bias in categorizing the bug reports. In
contrast, in traditional bug report repositories, such as Bugzilla,
bug reports are not pre-labeled with accessibility tags. To maintain
consistency and avoid bias in our study dataset, we ensured that
the bug reports in these repositories were appropriately labeled
by developers, following a similar criterion used in the Chromium
repository for identifying accessibility-related issues.

Table 3: Examples of discarded bug reports.

Type Description

Non-English Girdigim egitim sitesi giivenlik hatasi veriyor

Testing testing a bug
Non-Meaningful afdfsadsdsad
Thanking Thank you!

4 Study Results & Analysis

The findings of our study are presented and discussed in this sec-
tion. For each of our RQs, we expose the research question, the
study approach, and the RQ findings, and then we discuss the ob-
servations.

RQ;: What is the progression of accessibility bug reports?

Motivation. Our main objective with this research question
is to analyze whether the number of accessibility-related bugs is
increasing or decreasing over time. By acquiring this knowledge, we
will be able to gather information on the presence of accessibility
barriers on Chromium and possibly the improvement or the decline
of Chromium’s accessibility. In addition, by understanding the rate
at which accessibility bugs appear in both platforms, Android and
i08S, it is possible to comprehend the resources possibly required
for developers and testers on each platform.

Approach. We downloaded all the bug reports related to iOS and
Android from the Monorail database, which contains accessibility-
related and other types of bugs. Next, we filtered bug reports based
on accessibility and non-accessibility, where the Chromium archive
provides a bug report label. If the bug reports are labeled as Ac-
cessibility, A1ly, or accessibility-team, we consider these bugs as
accessibility-related. Otherwise, we label the bug reports as non-
accessibility bug reports.

Table 2 presents the summary of the statistics of datasets for
each step. After that, we filtered the completed dataset for both
accessibility and non-accessibility based on two types of bug reports,
Defect or Bug, and all other bug report types such as task, feature,
documentation, or “[Empty]” were discarded as not relevant to the
study. In the analysis, a total of 30,266 Android bug reports were
classified into two distinct categories: 1,308 accessibility-related bug
reports and 28,958 non-accessibility-related bug reports. Similarly,
the categorization of 8,941 iOS bug reports yielded 849 accessibility-
related bug reports and 8,092 non-accessibility-related bug reports.

Results. Figure 2 shows the distribution of accessibility bug
reports in Android and iOS platforms from 2008 to 2020. In 2008,
a relatively small number of accessibility bugs were reported, i.e.,
16 for Android Accessibility and 15 for iOS Accessibility. The bug
count for both platforms increased to more than double in the next
year, and a similar trend was reported in 2010 and 2011. There was
a slight increase in Android Accessibility bugs in 2012. However,
the number of iOS accessibility bugs remained constant. In 2013, a
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Figure 2: Distribution of accessibility bug reports across in Android and iOS over the years.

drastic increase in accessibility bug reports for Android, as well as
i0S, was recorded. The highest number of accessibility bugs were
reported in 2014 and 2015. In 2016, there was a slight reduction in
accessibility bug reports for Android, but iOS Accessibility bugs
were reduced to more than 40%.

During 2017-2018, the number of accessibility bug reports for
Android and iOS was more or less similar, with small fluctuations.
There was an increase in Android-related bugs in 2019 and 2020.
However, iOS-related bugs were reduced. Overall, the number of
issues reported for iOS is considerably lower as compared to An-
droid, and it is notable that after 2015, substantial work has been
done to control the accessibility-related issues in iOS. It can be
seen from Figure 3 that 96% of the reported bugs are related to
non-accessibility while only 4% are related to accessibility. Out of
these 4% accessibility bug reports, 3% counts for Android while
only 1% are related to the iOS platform.

Discussion. Using datasets from the Chromium bug archive, we
were able to analyze the progression of the number of accessibility
bug reports for Android and iOS, and we discovered that Android
had more overall bug reports than iOS. Since the discrepancy in the
frequency of bug reports may have ramifications for how issues are
resolved, it is interesting to compare the Android and iOS systems
in this study.

The patterns shown in Figure 2 support the changing nature
of bug reports as the number of issues increased and decreased
over time. The number of reported bugs does not necessarily in-
dicate an upward trend in the number of bugs over time; instead,
it could be because there has been a considerable growth in the
number of accessibility users since 2013, which has resulted in the
community becoming more adept at reporting bugs. Our claim
is supported by the result of accessibility bug reports, where the
highest accessibility-related bugs were reported for both Android
and iOS systems in 2014 and 2015. However, until 2018, the trend
shifted downward with each passing year, until increasing once
more in 2019 for Android.

Accessibility
1622, 4%

Non-Accessibility
36673, 96%

Figure 3: Distribution of accessibility and non-accessibility
bug reports across mobile apps from 2014 till 2020.

One major finding was that the number of issues is substantially
greater for Android than iOS due to the larger and more diverse
range of supported devices, which adds a lot more complexity.
There are presumably a number of factors that have contributed
to this: i) Android uses Chromium as the default browser, whereas
iOS uses the Safari browser by default; ii) Android has a large
user base; iii) Chromium is rarely installed by iOS users, and iv)
Android releases new versions of Chromium more frequently than
i0S, possibly introducing new accessibility bugs given the reduced
time to properly implement and evaluate new features.

Our findings suggest that the increasing number of accessibility
users and reported accessibility issues indicate that developers
need additional resources to address these issues and make their
applications more accessible to people with disabilities.

RQ1 Summary

The increase in accessibility bug reports commenced in 2013,
which may suggest that the community had grown more
vital in reporting bugs or that users have increased over time.
Most accessibility issues are related to Android because of the
larger user base. Additionally, the rising trend of accessibility
bug reports suggests that developers should allocate more
resources to address these issues.
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RQ,: How does the time-to-fix of accessibility bug reports
compares to the time-to-fix of other bug reports?

Motivation. Our main objective with this research question
is to identify the amount of time required to solve accessibility-
related bugs in comparison with other types of bugs. In addition, we
inspect how accessibility bugs are classified and prioritized to have
some insight into whether developers recognize that accessibility
is an important feature. Understanding the developer’s culture and
rationale towards accessibility is important to come up with some
explanation of why accessibility bugs may take a long time to be
fixed or even not to be fixed.

Approach. The data was filtered and examined to discover the
bug fixing time, which is the time taken to resolve a given bug.
To calculate the fixing time, we defined the bug report time that
was reported till the time that the bug was marked as “Fixed”. Bug
reports that were not reported with Fixed status were discarded
from analysis, as this research question’s objective is on bug reports
that have been resolved. In this RQ, we want to compare accessi-
bility and non-accessibility bug reports across platforms. When
this analysis was achieved, the subset size evaluated for fixing time
(i.e., the number of bugs reports analyzed) for accessibility-Android
is 586 bug reports, for accessibility-iOS is 393 bug reports, while
for non-accessibility in Android is 12,261 bug reports, and for non-
accessibility in iOS is 3,112 bug reports. We further grouped the
bug reports into four categories according to the number of days
needed to fix them: 30 days or less, 31 days to 60 days, 61 days to
90 days, and More than 90 days. Next, we created a priority table
to see which reports—accessibility or non-accessibility—were as-
signed the highest level of priority to be fixed. To achieve this, we
divided the priorities into four levels, ranging from the most urgent
(0) to the least urgent (3), as designated by Google’s development
team in the bug repository. Afterward, we utilized a Wilcoxon pair-
wise investigation on the data subsets to discover which platform
combination holds the highest and lowest times to fix.

Results. Figure 5 shows a box plot for accessibility and non-
accessibility issue resolution time in Android and iOS. The median
number of days taken to fix issues was higher for accessibility-
related issues than non-accessibility issues on both platforms. On
average, it takes 52.5 median days to fix accessibility issues in
Android and 83.0 median days in iOS (see Table 4). On the other
hand, non-accessibility issues in iOS and Android were resolved in
a relatively short period of time, i.e., 15.0 median days for Android
and 17.0 median days for iOS. Another significant distinction is
that fixing time in Android is considerably shorter than in iOS.

We also found that accessibility issues in Android and iOS are
given less fixing priority than non-accessibility issues. For instance,
only 0.34% accessibility issues are fixed for Android in less than 30
days, compared to 0.78% of non-accessibility issues (see Tables 5, 6,
7, and 8). It is worthwhile to point out that accessibility issues in
Android are resolved with higher priority than those in i0OS, with
38.46% (Table 5) of issues being resolved in the same period of time
for Android as compared to 33.84% (Table 7) for iOS.

Finally, the Wilcoxon Rank-Sum hypothesis test was performed
to determine the significance of the observed differences in the
distribution of issue-fixing time. From the results in Table 9 we
can see that the minimum value is for accessibility issues, while
non-accessibility is also near 0.5, which is 0.218.

Aljedaani et al.
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Figure 4: Yearly breakdown of the distribution of accessibility
bug report for open bug.

Discussion. The results show that fixing time for accessibility
bug reports is significantly longer than for non-accessibility bug
reports, which can be because of the smaller volume of accessibility
bugs reported and the large community involved in fixing the non-
accessibility bugs. The developers seem to place a low priority on
fixing accessibility bugs because of the small number of accessibility
users. Our claim is supported by the cases presented in Tables 10,
and 11. It is evident from Table 10 that accessibility users are not
considered as “real users” by the developers, as stated by one of the
project members:

Project Member. “Because it requires —enable-
accessibility, we reduce the severity. Because it
requires —force-renderer-accessibility, which real users
don’t actually use, we lower severity again.””

Another concerning matter is that developers prolong the fixing
process by giving the report a lower priority because there are
not many accessibility users. For instance, the Bug_ID:111656 was
resolved on April 26, 2018, after being reported on Friday, January
27, 2012. Similar to this, Bug_ID:37721 took seven years for the
developers to fix after being reported on March 9, 2010. Table 11
clarifies that the problem needs to be solved right away, but due to
the small number of users who are actually affected, developers do
not give accessibility bug reports a top priority. We also compared
the length of relative bug-fixing time, which supports our claim
that accessibility bug reports receive lower fixing priority than
non-accessibility bug reports.

The Wilcoxon test results demonstrate that bugs in Android are
resolved far more quickly than they are in iOS. It is interesting that
bug-fixing time in Android for accessibility and non-accessibility

Zhttps://bugs.chromium.org/p/chromium/issues/detail?id=111656
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issues is shorter than in iOS, given that Android has a larger user
base, more variants of supported devices, and considerably shorter
release cycles. In any case, our data does not allow us to definitively
explain why Android issues were resolved more quickly than iOS
issues.

The much longer time to fix associated with the low priority
frequently assigned to accessibility-related bugs is symptomatic
of how accessibility is poorly handled in software development in
general. Many recent studies [21, 39] have shown many reasons
why accessibility is not considered during software development:
lack of awareness and knowledge; lack of project or organization
requirements related to accessibility; lack of time and resources;
organizations prioritize functional features; lack of proper tools
and more clear and practical standards. Not surprisingly, the same
rationale seems to be applied when resources are assigned to fix
accessibility-related bugs.

Figure 4 shows open accessibility bug reports for Android and
i0OS platforms, which have never been closed since it opened, span-
ning from 2013 to 2020. Notice that there are bugs that have re-
mained open since 2013. Initially, the data suggest a potential under-
reporting or a nascent awareness of accessibility issues. As the years
progress, both platforms exhibit an uptick in reports, with a notable
divergence post-2017, where iOS bug reports substantially outpace
those of Android. This uptrend, particularly the sustained open
status of these reports, underscores a critical ongoing challenge
in the software development lifecycle. The persistent open bugs,
especially in accessibility, could reflect the intricacies involved in
resolving such issues or possibly a lag in prioritization. This has
significant implications, as unresolved accessibility bugs can se-
verely hinder the user experience for individuals with disabilities,
suggesting an area in need of targeted attention to foster inclusive
technology use. The increasing trend also signals a heightened
awareness and reporting of accessibility issues, yet it equally calls
for more robust resolution mechanisms to ensure that such reports
lead to timely and effective remedial actions.

Platform Min. | Q1 | Median | Mean | Q3 Max.
Android-Ally 0.0 13.0 52.5 255.3 | 309.0 | 2587.0
Android Non-Ally | 0.00 | 4.00 15.00 81.78 | 65.00 | 2148.00
i0S-Ally 0.0 17.0 83.0 311.3 | 419.0 | 2587.0
iOS Non-Ally 0.00 | 4.00 17.00 94.97 | 75.00 | 2377.00

Table 4: Summary of fixing-time (in #days) for the two plat-
forms.

RQ2 Summary

Fixing time for accessibility bug reports is higher than non-
accessibility bug reports. Developers place a lower priority
on accessibility bug reports due to the small user base. On
the other hand, Android fixes accessibility-related reports
faster than iOS.

RQj3: What is the root cause of accessibility bug reports?

Motivation. Our main objective with this research question is
to highlight the major factors that contribute to the accessibility
issues in chromium applications. Although we recognize that these
accessibility issues exist, we are still uncertain about the underlying
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Figure 5: Box-plot of fixing-time (in #days) of accessibility
(A11y) and non-accessibility (Non-A11y) issues for iOS and
Android Platforms.

causes. By identifying the root causes of accessibility bug reports,
developers can make informed decisions during the development
process and promote the adoption of accessibility principles.

Approach. To identify the root cause of accessibility-related is-
sues, we filtered and categorized the accessibility bug reports using
an open-coding inspired process. The reports were distributed be-
tween two authors, who were instructed to read and assign multiple
codes/keywords [15] related to the root causes of the accessibility
issues in each bug report. The expertise of each author is aligned
with the goal of our analysis. We refer to both authors as “coders”
from this point forward, and they each labeled a total of 2,155
accessibility bug reports in three iterations.

In Iteration 1, the coders identified the keywords that pertain
to the root cause of accessibility issues from the bug reports. The
coders initiated an open discussion on building a taxonomy of the
accessibility-related aspects based on the keywords. For instance,
the keywords “Aria elements, Aria Properties, and Aria relations”
correspond to the category “Aria”. However, during this discussion,
the coders identified an issue.

"Fred is hidden" (Bug ID: 87863)

“M77 merge request: reverting previous merge which
caused bug 1000874” (Bug ID: 1001024)

The above bug reports share one commonality: they do not
have any keywords that can be used to label the root cause of
accessibility issues. However, the coders determined that these
bug reports still pertain to accessibility-related issues. As a result,
the coders categorized them as “Others”. The coders agreed on 18
categories of the root causes of accessibility-related issues that are
described in Table 13.



CHI ’24, May 11-16, 2024, Honolulu, HI, USA

Aljedaani et al.

Table 5: Priority table for accessibility bug reports in Android.

Days 0 1 2 3 N/A | Total (%) | Total
Most Urgent Least Urgent Count
30 days and less 0.34% 12.65% | 21.71% 3.59% 0.17% 38.46% 225
31 days till 60 days 0% 3.93% 8.38% 0.68% 0% 12.99% 76
61 days till 90 days 0% 1.71% 3.93% 1.03% 0% 6.67% 39
More than 90 days 0.17% 5.98% | 29.23% 6.32% 0.17% 41.88% 245
Total 0.51% 24.27% | 63.25% 11.62% 0.34% 100.00% 585
Table 6: Priority table for non-accessibility bug reports in Android.
Days 0 1 2 3 N/A | Total (%) | Total
Most Urgent Least Urgent Count
30 days and less 0.78% 26.72% | 22.42% 13.24% 0.11% 63.27% 7758
31 days till 60 days 0.05% 3.61% 4.31% 2.77% 0.04% 10.79% 1323
61 days till 90 days 0.02% 1.61% 2.49% 1.65% 0% 5.77% 707
More than 90 days 0.03% 4.18% 9.47% 6.44% 0.05% 20.17% 2473
Total 0.88% 36.12% | 38.69% 24.10% 0.20% 100.00% 12261
Table 7: Priority table for accessibility bug reports in iOS.
Days 0 1 2 3 N/A | Total (%) | Total
Most Urgent Least Urgent Count
30 days and less 0% 9.16% | 20.36% 4.07% 0.25% | 33.84% 133
31 days till 60 days 0% 3.05% 8.40% 0.25% 0% 11.70% 46
61 days till 90 days 0% 0.76% 4.83% 1.02% 0% 6.62% 26
More than 90 days 0.25% 5.60% | 34.86% 6.87% 0.25% 47.84% 188
Total 0.25% 18.58% | 68.45% 12.21% 0.51% 100.00% 393
Table 8: Priority table for non-accessibility bug reports in iOS.
Days 0 1 2 3 N/A | Total (%) | Total
Most Urgent Least Urgent Count
30 days and less 0.96% 21.53% | 22.49% 15.68% 0.13% 60.80% 1892
31 days till 60 days 0.06% 3.31% 4.92% 3.02% 0% 11.31% 352
61 days till 90 days 0% 1.06% 2.96% 1.32% 0% 5.33% 166
More than 90 days 0.03% 3.63% | 11.83% 7.07% 0% 22.56% 702
Total 1.06% 29.53% | 42.19% 27.09% 0.13% 100.00% 3112
Table 9: P-values for Wilcoxon Rank-Sum tests. accessibility bug reports. We selected a 9% sample of the entire
Type X vs. Y Less | Greater | 2-sided dataset of accessibility-related bug reports (190 bug reports), which
Non satisfied a 95% confidence level and a confidence interval of 6. We
Accessibility | Android vs.i0S | 0.218 0.782 0.4359 then provided a random sample of 239 bug reports to the coders
Accessibility | Android vs.i0S | 0.0232 | 0.9768 | 0.04639 for labeling, which they had not previously seen. We used Cohen’s

In iteration 2, the coders identified and extracted keywords from
the bug reports. In iteration 3, the coders classified the bug reports
into the root causes based on the identified keywords. After clas-
sifying each bug report, the coders opened a discussion about the
process of labeling them. The following is an example of one of the
bug reports categorized as "Assistive Technology" since it includes
the keyword “talkback”.

“TalkBack doesn’t read the text of the popup dialog when
it appears.” (Bug ID: 1114895)

Following the guidelines of Aljedaani et al. [8], we validated
the labeling procedures used by the coders to analyze and classify

Kappa Coefficient [26] to assess the inter-rater agreement between
the two datasets, which resulted in an agreement level of 0.87, which
is considered almost perfect agreement [34].

Results. As a result of the open-coding process, we identified
69 root causes of accessibility issues in Android and 96 in iOS from
2,157 bug reports. The root causes were then organized into 17
categories, which were based on the concepts and themes that
emerged from the open coding process. From this point forward,
we will be denoting the categories from the taxonomy in italic font.

Table 13 shows the number of accessibility issues pertaining to
each category. The majority of the bug reports in both platforms
were related to Accessibility Improvements in the Chromium appli-
cation. This category refers to the recommendations made by the
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Table 10: Example (Bug ID:111656) of user and project mem-
ber comments on the reported accessibility issue.
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Table 11: Example (Bug ID:37721) of user and project member
comments on the reported accessibility issue.

Issue 111656: Security: Accessibility bad cast

Issue 37721: Skip links do not work when using screenreader.

Reported by Anonymous | Fri, Jan 27, 2012 at 12:22 PM CST

Reported by Anonymous | Mon, Mar 8, 2010 at 5:41 PM CST

Comment by Anonymous | Fri, Jan 27, 2012 at 1:11 PM CST

Comment by Anonymous | Mon, Feb 27, 2012 at 4:21 AM CST

Labels: -SecSeverity-High SecSeverity-Low (was: NULL)
Because it requires —enable-accessibility, we reduce the severity.
Because it requires —force-renderer-accessibility, which
real users don’t actually use, we lower severity again.
Comment by Anonymous ‘ Fri, Jan 27, 2012 at 1:23 PM CST
To clarify, accessibility is enabled automatically for some users -
Chrome auto-detects whether assistive technology is running
and switches these flags on dynamically. The flags (-enable-
accessibility and —force-renderer-accessibility) are used to force
these code paths without installing third-party software or
changing your operating system setup.

However, the fraction of users affected is low. I still think
this is Pri-1 and not Pri-0, I just wanted to clarify that these
issues do affect real users, not just developers or testers.
Comment by Anonymous ‘ Fri, Jan 27, 2012 at 1:38 PM CST
Labels: -Pri-1 -SecSeverity-Low Pri-2 SecSeverity-
Medium (was: NULL)
Splitting the difference, SecSeverity-Medium. I'm making this
a Pri-2 also. Vulnerabilities in the renderer are typically Pri-
1 (rather than Pri-0) because of the sandbox. You’re saying a
small percentage of users have both of those flags automatically
enabled, so Medium/Pri-2 looks right to me.

Comment by Anonymous [ Jan 29, 2012 at 6:46 PM CST
Please check with Justin, we have always treated such
accessibility bugs with secseverity-low for renderer issues
and medium for browser issues because very few users
(think < 1%) run accessibility code or use assistive tech-
nology.

commentators to enhance accessibility for people with disabilities.
Specifically, 331 (25.3%) of the 1308 bug reports on the Android
platform and 220 (25.9%) of the 849 bug reports on the iOS platform
were related to this were reported due to root causes relating to
this category.

The second most highly reported category of accessibility bug
reports in the Chromium application on both the Android and
i0S platforms is Design. This category encompasses design-related
issues that can have a significant impact on the usability, functional-
ity, and overall effectiveness of the application. For example, design
issues can make it difficult for users with disability to find and
use features, or they can make the application difficult to navigate.
The high number of design-related bug reports on both platforms
suggests that there is a need for developers to improve the design
of the Chromium application. This includes following accessibil-
ity guidelines to ensure that the application is accessible to users
with disabilities. In the Android platform, 23.1% of the bug reports
were related to Design, while in the iOS platform, 17.9% of the
bugs were reported due to accessibility issues with Design of the
application. These findings suggest that Design-related issues are a

Big accessibility problem! Should be fixed ASAP!

Comment by Anonymous ‘ Thu, Mar 22, 2012 at 7:51 AM CDT

needs doing for mobile webkit as well.

Comment by Anonymous ‘ Jul 31, 2012 at 4:42 PM CDT

I experienced the same problem.
Needs a fix asap.

Comment by Anonymous ‘ Fri, Oct 5, 2012 at 9:51 AM CDT

Workarounds are bad for you and the world, but thanks much
for this temporary fix. :)

Comment by Anonymous ‘ Oct 11, 2012 at 9:25 AM CDT

Two years or more and this isn’t fixed yet???

Comment by Anonymous ‘ Fri, Nov 30, 2012 at 11:25 AM CST

This is a terrible bug! Come on Google :D

Comment by Anonymous [ Fri, Nov 30, 2012 at 1:11 PM CST

Seriously.. And label your media controls. Come on. Patience is
waning over here. :P

Comment by Anonymous ‘ Fri, Dec 7, 2012 at 8:30 AM CST

I was testing my accessibility requirements in Chrome and
couldn’t figure out why this wasn’t working until now. It’s
sad to see this has been ignored for so long.

Comment by Anonymous ‘ Feb 23, 2013 at 1:56 AM CST

And still this has not been dealt with! A much needed fix for
all webkit users especially since the browsers based on webkit
together have now surpassed IE in internet usage. Being un-
able to pass focus using fragmented hash links is very bad
for accessibility. Once a focused link is activated(enter pressed)
it should pass keyboard focus to the element now in view!

Comment by Anonymous ‘ Mar 10, 2013 at 6:55 AM CDT

Labels: -Area-WebKit -Feature-Accessibility Cr-Content Cr-UI-
Accessibility (was: NULL)

Comment by Anonymous ‘ Wed, Mar 13, 2013 at 6:26 AM CDT

Jeez, still not fixed after all this time - shame on you. AC-
CESSIBILITY MATTERS

more significant problem in the Android platform than in the iOS
platform.

Accessibility issues related to Assistive Technologies were the
third most reported issues in the Chromium application. These
issues amounted to 15.7% and 15.9% of the total bug reports for both
Android and iOS platforms, respectively. Assistive Technologies, such
as TalkBack and screen readers, are used by people with disabilities
to access digital content. The significant number of accessibility
issues related to Assistive Technologies indicates that developers
need to improve the Chromium application’s accessibility for users
who rely on these technologies. This includes ensuring that the
application is compatible with a wide range of Assistive Technologies
and that the application provides clear and concise labels for all
features. Furthermore, the higher number of reported bugs in this
category for the iOS platform indicates that there are compatibility
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issues between assistive technologies and iOS platforms, which
suggests a critical need for improvement.

Focus-related issues were the fourth most common type of bug
reported in Chromium applications, accounting for 10.7% of all bug
reports in Android and 10.6% in iOS. These issues occur when the
focus of an application is not handled correctly, making it difficult
or impossible for people with disabilities to use the application. For
example, people who use screen readers will not be able to interact
with a button if it is not interactive.

Other categories for the reported root causes of accessibility
issues in Chromium application include API (Android: 3.5%, iOS:
3.2%), ARIA (Android: 3.2%, i0S: 3.8%), AX Properties (Android: 2.5%,
i0S: 3.4%), Blink Accessibility (Android: 1.2%, iOS: 1.6%), Browser
History (Android: 0.5%, iOS: 0.8%), Crash (Android: 2.9%, i0S: 2.0%),
Forms (Android: 2.9%, i0S: 3.7%), Heap (Android: 1.4%, iOS: 2.1%),
Links (Android: 1.5%, iOS: 1.4%), Notifications (Android: 1.1%, i0S:
0.7%), Platform (Android: 1.6%, 10S: 1.6%), Security (Android: 0.9%,
i0S: 0.7%), Principles (Android: 0.1%, i10S: 0.1%), and Others (Android:
0.9%, i0S: 4.0%).

Additionally, we provide the count of accessibility bug root
causes for each category in Tables 14 and 14. It is evident that web
accessibility principles and settings have the highest frequency of
occurrence of accessibility issues, with a count of 98, followed by ac-
cessibility (count=96) in the category of Accessibility Improvements
in the Android platform. On the contrary, the count for accessibility
issues in the i0S platform is 72.

Similarly, the major root cause of accessibility issues related
to Assistive Technology in Android platforms is UI elements and
states (count=102), whereas in iOS, it is screen reading and feedback
(count=81). In the case of Design, Accessibility Elements and At-
tributes cause the most accessibility issues, with a count of 94 in the
Android platform. On the other hand, Web content and elements
cause the most accessibility issues in the design of the Chromium
application for the iOS platform, with a count of 65.

Discussion. The high number of Accessibility Improvement rec-
ommendations made by commentators suggests that there are a
number of accessibility issues with the Chromium application on
both platforms. For example,

"Use AccessibilityNodelnfo.setPaneTitle for web dialogs."
(Bug ID: 1048694)

The above-given bug report recommends the developers to use "Ac-
cessibilityNodeInfo.setPaneTitle" for web dialogues for improved
accessibility of panes such as dialogue box or toolbar.

These issues could be due to a lack of compliance with accessi-
bility standards, a lack of awareness of accessibility issues among
developers, or a lack of resources available to developers to address
accessibility issues. This also supports our analysis of RQ2, which
found that developers do not prioritize accessibility issues, resulting
in a high number of accessibility improvement recommendations.
Moreover, the high percentage of these recommendations also sug-
gests that there is a dire need for more accessible applications.

The fact that Design accounts for the second highest reported
accessibility issue in the Chromium application reveals that devel-
opers need to focus on design-related elements as well. For instance,
a user reported the following bug:

Aljedaani et al.

"Increment/Decrement of slider values do not work prop-
erly when percent change of a step is less than one." (Bug
ID: 475053)

This is important because it can make it difficult or impossible
for people with disabilities to use the slider. For example, if a person
with a visual impairment is using a screen reader, they may not be
able to hear the difference between the different values of the slider.
The issue with the slider is that it does not increment or decrement
by the same amount each time. This can be confusing for users,
especially those with disabilities. For example, a user with a visual
impairment may not be able to tell the difference between a 1%
change and a 2% change.

To fix this issue, the developers need to make sure that the slider
increments and decrements by the same amount each time. They
also need to provide clear and concise labels for the different values
of the slider. This will help users, including those with disabilities,
to understand how the slider works and to use it effectively. In
addition to the issue with the slider, there are other design-related
accessibility issues that need to be addressed in the Chromium
application. For instance,

"Focused highlighting of ButtonCompat is difficult to
see.” (Bug ID: 994365)

Bug_ID: 994365 presents an issue with visual accessibility since the
focused highlighting of ButtonCompat is not visible enough.

"Site Settings button touch target too small” (Bug ID:
968315)

Bug_ID: 968315 highlights the issue with the site setting button
causing tactile accessibility issues. Our results also reveal a signif-
icant difference in the proportions of accessibility issues related
to Android and iOS platforms. In Android, design-related issues
account for 23.1%, while in i0S, they account for 17.9%, a difference
of 5.2%. This suggests that there are more design-related accessibil-
ity issues in Android than in iOS. The design of an application has
a major impact on its usability. Accessibility issues in the design
of the Chromium application make it difficult and challenging for
people with disabilities to use the application with ease. Developers
should be proactive in addressing accessibility issues by making
accessibility a priority early in the design process.

Assistive technologies are software or tools that help people
with disabilities complete tasks that would otherwise be difficult or
impossible. There are many Chromium-supported assistive tech-
nologies, such as TalkBack, ChromeVox, JAWS, VoiceOver, Dragon
Naturally Speaking, and others. However, our analysis revealed
that Assistive Technology is the third most reported issue in the
Chromium application. This suggests that the assistive technolo-
gies that are used with the Chromium application have significant
issues.

For example, skip links are used by users who rely on screen
readers to navigate the Chromium application. Skip links are typi-
cally placed at the top and bottom of a page, and they allow users
to quickly jump to specific sections of the page. However, if skip
links are not working properly, people with disabilities may find it
challenging to use the application. To illustrate this issue, a user
reported the following bug:
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“Skip links do not work when using screenreader.” (Bug
ID: 37721)

In essence, users who rely on screen readers to navigate the
Chromium application may not be able to use skip links to jump to
specific sections of the page. This can make it difficult for them to
use the application and access the information and services that are
available on it. Another example of an assistive technology issue
in the Chromium application is the buttons on the Manage Sync
settings page. These buttons are not accessible to people who use
Voiceover, a popular screen reader. Consequently, people who are
blind or have low vision cannot use these buttons to interact with
the Chromium application. To illustrate this issue, a user reported
the following bug:

“Some buttons on Manage Sync settings page not read
as buttons by Voiceover” (Bug ID: 979696)

Bug_ID: 979696 reports that people who are blind or have low vision
cannot use these buttons to interact with the Chromium application.
This can make it difficult for them to use the application and manage
their sync settings.

The remainder of the root causes for accessibility-related issues
presented in Table 13 highlight the need for a variety of approaches
to address the issues that exist. For example, bugs in the API layer
may require changes to the Chromium codebase, while bugs in
ARIA may be fixed by updating the ARIA implementation.

API layer refers to the set of application programming interfaces
(APIs) that allow developers to interact with the Chromium appli-
cation. Bugs in the API layer can prevent developers from creating
accessible applications. For example, a bug in the Chromium appli-
cation causes it to incorrectly handle fragment identifiers in data:
URIs. This could cause problems for users who are trying to access
specific sections of a web page that are embedded in data: URIL.

“Incorrect handling of fragment identifiers in data: URIs”
(Bug ID: 123004)

Our analysis also revealed the root causes that hinder the acces-
sibility of the Chromium application for users with disabilities. For
example, one of the major root causes of accessibility issues in the
Android platform related to Assistive Technology is talkback and
voice interaction.

“TalkBack doesn’t read the text of the popup dialog when
it appears” (Bug ID: 1114895)

On the other hand, in the iOS platform, the major root cause is
screen reading and feedback. We have identified various root causes
of accessibility issues, which can help developers address reports
more easily.

“Keyboard gets dismissed on navigating through NTP
with Voice over.” (Bug ID: 1146405)

Accessibility bugs in the Chromium application can severely hinder
or prevent users with disabilities from using the application. For
example, a blind user may not be able to use a button that is not
labeled properly. Or, a user who has a motor impairment may not
be able to use a form that is not properly designed for keyboard
navigation. Therefore, it is crucial to address accessibility bugs
in a timely manner. This includes fixing bugs in the API layer,
updating the ARIA implementation, and educating developers about
accessibility best practices. In essence, developers should address
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the root causes of accessibility issues in the Chromium application
to render it more accessible to users with diverse abilities.

RQ3 Summary

The most common root causes of accessibility issues in
Chromium are related to design, assistive technologies, focus,
and non-compliance with accessibility standards. Addition-
ally, the majority of commentators report suggestions and
solutions for enhancing the accessibility of the application.
Accessibility issues can make Chromium difficult to use for
people with disabilities. Developers should address the root
causes of these issues to make Chromium more accessible.

5 Takeaways

Our study provides an in-depth overview of the workflow for ad-
dressing accessibility-related bug reports on the Chromium appli-
cation for Android and iOS platforms in comparison to traditional
bug reports. Furthermore, we discussed the major root causes of
these bug reports. In this section, we provide notable takeaways
from our study.

Takeaway 1. As the number of accessibility-related bugs re-
ported seems to be increasing over the years, either because users
are more prone to report bugs or because accessibility violations are
more prevalent, organizations should allocate adequate resources
to ensure that their applications are accessible to everyone.

Takeaway 2. Users leverage different platforms (e.g., Twitter,
app stores, GitHub issues, bug reports systems) to report acces-
sibility bugs in the hope of improving mobile apps accessibil-
ity [20, 36, 45]. This is an indication that users are committed to
participating in the design process by both reporting accessibil-
ity bugs and suggestions. Developers and organizations should
seize the opportunity to engage users in devising more accessible
products.

Takeaway 3. User feedback is essential to improve the quality of
any digital product or service, either by reporting a bug to be fixed or
by suggesting a new feature to be implemented [25, 46]. However,
our study shows that accessibility-related bugs can receive less
priority and take longer to be fixed, which is disappointing for users
who expect their feedback will be useful and their demands will be
addressed. Hence, it is crucial that developers and organizations
start to consider accessibility as relevant as any other quality aspect
to keep their users engaged and satisfied.

Takeaway 4. The prevalence of accessibility-related bugs in
the Android platform compared to iOS suggests that developers of
the Android platform should prioritize fixing accessibility issues.
This might be a consequence of the fact that the number of users of
Android devices has been increasing at a faster rate than iOS devices
[54]. This requires Android developers to pay more attention to the
accessibility of their applications. However, iOS developers should
not ignore accessibility issues either.

Takeaway 5. Our research on the Chromium application for
Android and iOS platforms has found that the most common root
causes of accessibility issues are related to (i) the need for improve-
ment in the application’s accessibility features, (ii) accessibility
design, and (iii) assistive technologies. Most of those issues could
have been avoided if well-known standards and guidelines had been
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Table 12: Summary of the accessibility identification and analysis in related work.

Study Year Purpose Approach Source of Info Dataset Platform Type

Ross et al. [50] 2017  Analysis accessibility barriers Google ally scanner Google Play Store 100 apps Android

Ross et al. [51] 2018  Analyze image-based button Epidemiology framework Rico repository 5,753 apps Android
labeling & Manual inspection

Eler et al. [33] 2019  Identify accessibility reviews Manual analysis User reviews 2,663 reviews Android

Vendome et al. [55] 2019 Investigate accessibility posts Manual analysis StackOverflow 810 Android

Alshayban et al. [13] 2020 Investigate prevalence of Statistical & Manual Google Play Store 1,135 apps Android
accessibility issues analysis Survey 61 participants

Bi et al. [20] 2021 Investigate accessibility issues. Manual Analysis GitHub 11,820 Android, iOS,

& Windows

Investigate interaction of

Zhao et al. [64] 2023 accessibility issues with Manual Analysis GitHub 4,572 Non-web
software quality attributes. application

This work 2023 Analyze accessibility bug Statistical & Manual Bug reports Android 1,308 Android
reports in open-source system  analysis iOS 849 & i0S

followed. The fact that many accessibility violations were found
on Chromium is in line with the results of some studies that sug-
gest that, even though there are many resources and accessibility
courses available, there is a lack of awareness and knowledge of de-
velopers concerning accessibility concepts and guidelines [21, 39].
In addition, the fact that accessibility is not a project or an orga-
nizational requirement jeopardizes adopting accessibility in the
development process.

Takeaway 6. Our study manually analyzed and identified a set
of keywords that are commonly used in accessibility-related bug
reports, contributing to the definition of a taxonomy that can help
identify accessibility bugs in other software systems. As manually
analyzing bug descriptions can be labor-intensive and error-prone,
we recommend that a system be developed based on these keywords
to automate the detection of accessibility-related bug reports.

6 Related Work

In the application creation and maintenance of large-scale applica-
tions, bug report databases have been a vital resource. They offer
the app developers helpful information and allow end-users to in-
form application developers of challenges encountered by users
through the use of the app. Many researchers mostly adopt bug
repositories because of their importance. In this section, we de-
scribe three facets of related studies, demonstrating the variations
between our analysis and the related studies.

6.1 Previous Empirical Studies in Software Accessibility

Previous studies have conducted empirical investigations on dif-
ferent aspects of mobile accessibility. For instance, Serra et al. [53]
performed a manual evaluation of Brazilian government apps on
both iOS and Android platforms using WCAG 2.0 guidelines [56].
They found that the issues identified in accessibility are extensively
discovered in the evaluated applications. Another study analyzed
the interaction of blind users by VoiceOver on iOS devices [40].
Their study involved 55 blind users in answering the survey to
determine user satisfaction, and the authors found some usability
issues. Milne et al. [42] studied the accessibility for blind users using
heath sensors for nine commercial applications in the iOS platform,
while Walker et al. [59] developed a weather app with a universal

design for both platforms to evaluate the accessibility due to the
existing apps are not universally accessible.

In more recent work, Vendome et al. [55] analyzed 1,442 Stack-
Overflow discussions (questions & answers) to identify posts related
to Android accessibility. The goal of their study is to understand the
developers’ issues and accessibility practices. Their approach used
keyword-matching techniques to identify Android issues, and their
results were manually validated. The authors’ findings showed that
810 posts were related to Accessibility in Android. In another study,
Alshayban et al. [13] performed an empirical study to understand
the accessibility issues on Android apps. Their study examined
1,000 Android apps and 61 developers’ responses survey-based.
Their results showed that 48.53% of developers lack awareness of
accessibility aspects. Zhang et al. [63] attempted to mitigate the
color-related accessibility issues in Android platforms. Zhao et
al. [64] investigated the interaction between accessibility issues
and other quality factors that affect software performance. The
researchers collected 4,572 accessibility issues from GitHub and
manually assessed them to determine the violated standards, causes,
and solutions. The study revealed that usability and functionality
are the quality attributes that are most frequently intertwined with
accessibility.

Other studies have also previously looked into particular prob-
lems related to mobile accessibility, such as user reviews [3, 7, 10,
32, 33], Code Elements [27], accessibility barriers [50], missing
labels [23], alternative image labels [42, 53], and alternative text
labels [51]. However, our study is different from any prior studies
in both purpose and method. Table 12 summarizes prior studies
conducted on accessibility-related issues reported by users in differ-
ent platforms. Our purpose is to identify and analyze accessibility
bug reports in open-source software across platforms instead of
focusing on one platform, such as Android, to compare frequency,
fixing time, and types of accessibility bug reports.

6.2 Bug Repository and Qualitative Analysis

Several prior studies have been conducted on the qualitative analy-
sis of bug repositories, such as ranking developer [11, 43, 60], bug
evolution [4, 16], survey [17, 18, 62], and ranking faulty source files
(44, 52].
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Table 13: Taxonomy & count of accessibility bug reports in Android and iOS platforms.

Category Android iOS Description Sample Bug Report
Count Count

Accessibility 331 220 Recommendations and suggestions to ensure  "Implement native accessibility support for out-

Improve- the improvement in accessibility features of  of-process iframes.” (Bug ID:368298)

ments software or applications, making them more
usable and inclusive for individuals with dis-
abilities.

Assistive 206 135 Bug reports that pertain to the functionality, "Voiceover should alert suggestions available

Technology compatibility, and effectiveness of the assistive ~ when autofill appears" (Bug ID: 532721)
tools (e.g. voiceover, talkback, screen reader,
etc.) developed to enhance accessibility.

API 46 28 These bug reports correspond to test cases or  "UKMTestCase.testHistoryDelete is flaky on iOS
functions within a testing framework or tool.  simulator." (Bug ID: 866598)

Aria 43 33 ARIA aids assistive technologies in accessing  "HTML table with ARIA roles appears empty in
dynamic and interactive web content. the accessibility tree." (Bug ID: 372708)

AX Properties 34 29 Set of attributes defined by Chromium that per- "Media Router WebUI: false positives for
tain to the accessibility of web content via as- AX_FOCUS_01 audit" (Bug ID: 514795)
sistive technology and testing.

Blink Accessi- 16 14 Features and tools that are intended to improve  "Blink should be firing AXEventBlur." (Bug ID:

bility the accessibility of web content for individuals  534619)
with impairments.

Browser His- 7 7 Accessibility issues related to browser history  "history: treat history entry list as single control

tory and settings. to shorten tab order" (Bug ID: 385328)

Crash 38 17 Crash bugs due to accessibility feature usage.  "Chrome accessibility crash." (Bug ID: 29154)

Design 303 152 Design-related accessibility issues, such as "Contrast too low on bookmark/history page
those related to user interface design and sys- empty view." (Bug ID: 967817)
tem architecture, can significantly impact the
usability and functionality of an application.

Focus 141 90 Usability issues that occur when elements in  "Talkback focus rectangle positioned incorrectly."
an application cannot be easily accessed or nav-  (Bug ID: 978512)
igated.

Forms 38 32 Usability issues that hinder the accessibility — "Label names when they embed a control are not
of forms by people with impairments such as  correct.” (Bug ID: 1121637)
unclear labels and error messages, etc.

Heap 19 18 Memory leaks that cause unpredictable behav-  "Heap-use-after-free in Web-
ior, such as crashes, data corruption, and per-  Core::AXObjectCache::postNotification" (Bug ID:
formance degradation. 127371)

Links 20 12 Link navigation issues that arise due to the ab-  "Open link in new tab" should not allow" (Bug
sence of redirect warnings, inconsistent and  ID: 170757)
broken links.window.close()"

Notifications 15 6 Inaccessible notifications due to poor visibility  "Audit all bubbles to determine if they should be
or inaudibility for people with impairments. alert dialogs" (Bug ID: 474622)

Platform 21 14 Accessibility-related issues that are concerned  "Live regions support flakey" (Bug ID: 535250)
with the operating system.

Security 13 6 Issues that occur due to inaccessibility or poor  “Security indicators should be accessible." (Bug
implementation of security features in the ap- ID: 447191)
plication.

Principles 2 1 Issues that are related to violations of accessi- "Chrome is 3x slower than Safari in a bench-
bility principles. mark"

Others 13 34 Undefined "Fred is hidden" (Bug ID: 87863)

Grand Total 1308 849
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Table 14: Root causes related to each category of accessibility bug report.

Aljedaani et al.

Category Root Causes (Android) Count Root Causes (i0S) Count
(Android) (i0S)
Accessibility 96 Accessibility API & Events 14
User Interface Elements & Interactions 8 Accessibility Configuration & Flags 6
Accessibility & Browser Behavior 5 Accessibility Elements & Attributes 46
Accessibility & Document Structure 5 Accessibility in Multimedia 3
Accessibility & Media 3 Accessibility Issues 72
Accessibility & Ul Components 5 Accessibility Performance 3
Accessibility & User Preferences 10 Accessibility Tags & Elements 21
Accessibility Elements & Nodes 35 Accessibility Testing & Debugging 21
Accessibility Accessibility Events 9 Accessibility Testing Framework & Utilities 1
Improvements Accessibility in Multilingual Contexts 1 Accessibility Tools & Debugging 5
Accessibility in Third-party Libraries 1 Automated Accessibility Testing 9
Accessibility Issues & Problem Solving 10 Browser Accessibility & Elements 12
Audio & Speech Recognition 6 Interactions with Web UI 2
HTML & Document Accessibility 5 Language Accessibility 3
Memory & Performance Issues 4 User Interface & Navigation Accessibility 2
User Interface Elements & Interactions 8
Web Accessibility & Testing 30
Web Accessibility Principles & Settings 98
Automated Testing 15 Accessibility Testing APIs 6
Debugging & Logging 8 Context & Selection 5
KeyboardInaccessibleWidget 1 Layout Testing 5
Layout & Rendering 9 namespace 1
Testing Framework & Utilities 13 Native Accessibility 1
API Notification Testing 1
PDF Accessibility 2
Rendering & Views 3
Tab Management 2
Toolbar & View Testing 1
Web Worker Testing 1
Accessibility & ARIA Relations 3 Aria elements 12
Aria ARIA Descriptions & Labels 17 Aria Properties 17
ARIA Roles & Attributes 19 Aria relations 4
Testing & Verification 4
Accessibility Extensions & Features 10 Accessibility Announcements 4
Accessibility Settings & Tools 4 Accessibility Tree & Navigation 21
Screen Readers & Principles 18 Audio & Speech Recognition 7
Talkback & Voice Interaction 63 ChromeVox 10
Assistive Testing & Debugging 9 DumpAccessibilityTreeTest 2
Technology UI Elements & States 102 Performance & Benchmarks 2
Screen Reading & Feedback 81
Tools 6
Touch & Interaction 2
Accessibility APIs & Integration 5 Accessibility Events & Interaction 7
AX properties Accessibility Events & Rules 4 Accessibility Integration & Compatibility 3
Accessibility Tree (AX Tree) 15 AX Attributes 15
Accessibility UI Elements & Objects 10 Text & Character Accessibility 4
Blink Blink Accessibility 16 Blink Accessibility 14
Accessibility
Browser Browser history 7 Browser history 7
History
Accessibility crash
Accessibility mode, crash
AccessibilityRenderObject, Crash
app freeze
aria-owns parent, crash
Chrome crash
Crash Crash Causes & Scenarios 38 Crash, voice over

Debug mode, Crash

Gmail crash, BrowserAccessibilityMAnager

HWND ViewContainer
Inspect32, Accessibility crash
SVG navigation crash

tab crash

v8_shell, crash

Voice over, crash
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Table 14: Root causes related to each category of accessibility bug report. (Cont.)

Category Root Causes (Android) Count Root Causes (i0S) Count
(Android) (i0S)
Accessibility & Design 48 Accessibility &Usability Features 25
Accessibility Elements & Attributes 94 Accessibility Tools & Developer Resources 7
Animations & Images 5 Color & Design 11
Browser & Page Behavior 24 Text & Typography 25
Design Keyboard & Input 11 User Interaction & Behavior 18
Tables & Structured Content 15 Web Content & Elements 65
Text & Typography 35
UI & User Interaction 32
Web Content & Elements 39
Auto-refresh & Dynamic Content 9 Accessibility Highlights 2
Focus & Accessibility Focus 99 Accessibility of User Interface Elements 20
Focus Keyboard Focus & Navigation 28 Exposing font/language 1
Omnibox & Dropdown Focus 5 Focus Handling & Navigation 45
Keyboard Accessibility & Interaction 18
User Input & Interaction 4
Checkbox & Toggle 2 Attributes 2
Default Values & Messages 10 autocomplete 1
Forms & Form Elements 19 Data Input & Formatting 4
Forms Input & Input Types Error Handling 3
Form Interaction 5
HTML Elements & Attributes 15
User Interface Elements 2
BoundsForCharacter 1
firstAbstractInlineTextBox 0
Heap 8
Heap Heap 19 Heap-use-after-free 5
notificationPostTimerFired 1
remoteSVGRootElement 2
visiblePositionForIndex 1
Navigation & Links 20 DCHECK 1
Links Link 3
Navigation 8
Notifications Notifications 15 Notifications 6
Chrome & Platform 4 Operating Systems 7
Configuration & Compression 2 Web Accessibility 4
Interstitials & Layout 4 Web Development & Debugging 3
Platforms Lint & Debugging 2
Live regions 5
Message Threads & OS 3
select multiple 1
Principles Accessibility 1 Accessibility 1
Talkback 1
Security Security 13 Security 6

Zhou et al. [65] performed a qualitative analysis on 88 open-
source projects on desktop and mobile platforms. Their study goal is
to understand the similarities and differences between desktop and
mobile platforms in terms of bug-fixing and its process. In another
study, Bhattacharya et al. [19] conducted an empirical study on
Android bug reports. Their study was performed on 24 Android
apps for several categories, such as communication, education, and
heath-fitness. The authors used various metrics to analyze bug
fixing time, bug-fixing process, bug priority, bug status, and bug
category. Maji et al. [41] analyzed the Android platform on 233 bug
reports for one year, 2008-2009, to categorize bug reports into types
based on the code modification. Banerjee et al. [14] compared bug
reports of Eclipse and Mozilla to identify both projects’ similarities
and differences. They analyzed bug report frequency, bug report
types, bug duplication, and user behavior.

In a study similar to ours, Aljedaani et al. [9] conducted an em-
pirical investigation focusing on i0S and Android platforms within

the Mozilla and Chromium ecosystems. The primary objective of
their research was to scrutinize the frequency, resolution time, and
categorization of software bugs. In their methodology, they applied
the Wilcoxon Rank-Sum test to ascertain the resolution time, re-
vealing noteworthy findings. Specifically, they observed that, on the
Mozilla platform, the median time to resolve a reported bug was 12
days for Android and 8 days for iOS. Meanwhile, on the Chromium
platform, they found that bug reports took an average of 21 days
to resolve on Android and 8 days on iOS, aligning closely with the
Mozilla results. Another study [5] comparing the resolution times
of security-related bug reports in Chromium projects noted faster
resolution on Linux (median 10 days) than on Windows (median 14
days). A different study [6] performed an analysis of Eclipse bug re-
ports logged on the Bugzilla platform. Their investigation revolved
around the prioritization of bug reports and their impact on the
average resolution time. Notably, their findings indicated that a
minority of bug reports received an urgent priority rating, whereas
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the majority of reports fell within the high to medium priority
spectrum. Compared to the resolution time of accessibility-related
bug reports, security and other "traditional bug reports" typically
received higher priority. This differentiation in priority allocation
is noteworthy, as it underscores the perception that accessibility
concerns may, at times, be assigned a lower priority. This can be
attributed to a common misconception that accessibility issues do
not significantly impact a large number of users.

Our work is similar in their approaches but not in their purposes.
We applied similar metrics as [9] to analyze bug frequency and bug
fixing time. All previous studies [9, 14, 19, 41, 65] applied the analy-
sis on general bug reports or comparing mobile platforms. However,
we perform a comparison of accessibility and non-accessibility-
related bug reports. To the best of our knowledge, this is the first
empirical study that analyzes accessibility bug reports in bug fre-
quency, bug-fixing time, and bug types for Chromium Android and
iOS platforms.

7 Threats and Validity

Internal Validity. The dataset was gathered from the Chromium
database. For RQ2, we calculated fixing time for only bug reports
marked as "Fixed" based on the time we collected the dataset. In
the future, this could inadvertently be skewed if any of these bug
reports could be re-opened at a later stage.

External Validity. In this study, the analyses were done on web
browser domains, specifically on the Android and iOS of Chromium.
The selection was made due to the ease of accessibility to the data-
base and public availability. However, there are other projects that
provided a cross-platform application, such as Firefox, were not
considered in this analysis because Chromium provided a bug la-
bel for each bug report, for this, we have the confidence that our
accessibility-related bug reports are referred to as accessibility issue,
rather than using keywords to match the accessibility-related bug
reports.

8 Conclusion and Future Work

In this study, we investigated 39,160 bug reports on the Chromium
application for Android and iOS platforms, which were gath-
ered from the Monorail bug tracker repository. We analyzed the
accessibility-related bug reports to identify trends in the report-
ing of these bugs across both platforms. Our study found that the
number of accessibility-related bug reports has been increasing,
which may be due to the increasing number of accessibility users
and applications. It is worth noting that the Android platform has a
higher number of accessibility issues than iOS. This may be due to
the larger user base of Android, as well as the wider variety of de-
vices and applications available on the platform. We also found that
accessibility-related bugs are often given lower priority than non-
accessibility-related bugs, as developers may perceive accessibility
issues as having less impact on a large user base.

Through open coding and statistical analysis, we found that
more than 25% accessibility issues in the Chromium application are
related to the need for improvement in accessibility features. This
is followed by design-related issues (23.4% on Android, 18.1% on
i0S) and assistive technology concerns (16.2% on both platforms).
These findings provide an initial exploration of the root causes of
accessibility issues in the Chromium application. Our findings also

Aljedaani et al.

highlight the opportunity for developers to overcome accessibility
issues by addressing the main root causes, such as ARIA, security,
AX properties, and other accessibility guidelines.
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