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Abstract Software systems constantly evolve to accommodate stakeholders’ and environments’ requirements that
change over time. In this process, the frequent modifications can increase software complexity and negatively im-
pact its global quality when conducted in an unstructured way. The evolutive nature of mobile environments led
researchers to investigate how mobile app evolution impacts complexity, security, resource consumption, maintain-
ability, usability, and accessibility. In particular, there has been limited research on the impact of app updates on
mobile accessibility: most studies focused on tracking the number of accessibility violations found by automated
tools across successive versions of a small set of applications. In a previous work, we made a contribution to
this field by identifying accessibility reviews associated with app updates and prompting ChatGPT-4 to provide
an overview of the main accessibility issues and enhancements perceived by users in the new releases of a mobile
app. In this manuscript, we extend our previous work by adopting manual content analysis to delve deeper into our
research questions and by adding new research questions associated with the identification of reviews linked to app
updates, user characteristics, WCAG principles and guidelines, and user demands reported in accessibility reviews.
Our results show that the accessibility barriers reported by users are mostly linked to the WCAG 2.2 Perceivable
principle, and the Distinguishable and Adaptable guidelines, which includes poor color scheme, small font size,
unlabeled elements, and lack of customization options. Accordingly, the consequences of the lack of accessibility
is mainly connected to the difficult users experience to perceive elements of the interface (e.g. difficult to read
and distinguish content, watch videos) and to use screen readers, in addition to feel discriminated against. The most
common demand developers and organizations receive is to bring back some accessible feature or to fix accessibility
bugs.
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1 Introduction
Effective software systems are inherently designed to evolve
and adapt to changing requirements and environments,
thereby avoiding to become less useful overtime [Lehman,
1980, 1996]. In the mobile development landscape, organi-
zations regularly releases updated versions of their apps to ad-
dress the evolving preferences of their users and tomaintain a
competitive edge in the market [Gao et al., 2019; Potharaju
et al., 2017; McIlroy et al., 2016; Yang et al., 2022]. Nu-
merous studies indicate that the evolution of mobile apps is
largely influenced by user feedback. Alongside planned sur-
veys, organizations also harness spontaneous feedback pro-
vided by users, including reviews posted in app stores [Gao
et al., 2019; Palomba et al., 2018; Ciurumelea et al., 2017].
Usually, mobile apps evolve due to many reasons [Gao

et al., 2019; Iacob and Harrison, 2013; Palomba et al., 2018;
Ciurumelea et al., 2017]: to comply with changes in the op-
erating systems (e.g. Android and iOS); to leverage new ca-
pabilities of physical devices; to increase performance, pri-
vacy, and security aspects; to improve power consumption;
to fix bugs; and to incorporate new features that make the
app more competitive. While evolution predominantly aims

at improving software products and enhancing user satisfac-
tion, there are inherent risks associated with continuous mod-
ifications in software: the complexity and interdependence
among system elements can escalate in an unstructured man-
ner, potentially leading to a decline in overall quality unless
proactive measures are taken to prevent or mitigate such is-
sues [Lehman, 1980, 1996].

In this context, researchers have evaluated the impact of
app evolution considering different quality aspects, includ-
ing security [Taylor andMartinovic, 2017], complexity [Gao
et al., 2019], usability, resource consumption, maintenance
effort [Nayebi et al., 2018], and accessibility [Alshayban
et al., 2020; Chen et al., 2022]. In particular, there has been
limited research on the impact of app updates on mobile ac-
cessibility. Alshayban et al. [2020] and Chen et al. [2022]
analyzed subsequent versions of 60 and 70 mobile apps, re-
spectively, to assess whether their accessibility had improved
or declined based on metrics associated with accessibility is-
sues they identified. However, they did not further investi-
gate the specific changes and their impact to their users.

Therefore, in a previous study, we conducted an investiga-
tion on the impact of app updates on mobile accessibility ac-
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cording to the users’ perspective [Dos Santos et al., 2023]. In
such a study, instead of evaluating the (in)accessibility rate
of subsequent versions of mobile apps, we examined user
reviews associated with app updates and accessibility pub-
lished in the Google Play Store, Android’s official app store.
More specifically, we prompted ChatGPT-41 to analyze the
user reviews and to provide us with an overview of the: i)
main accessibility issues caused by the update; ii) main ac-
cessibility improvements brought by the update; iii) practical
consequences of the lack of accessibility caused by the up-
date; iv) users sentiments towards the accessibility changes
perceived due to the update. To facilitate reference to accessi-
bility reviews linked with app updates and visual disabilities
or eye conditions, we call them accessibility update reviews.
In this manuscript, we further investigate the impact of

evolution on mobile app accessibility and extend our pre-
vious work published in the Brazilian Symposium on Hu-
man Factors in Computing Systems (HCI 2023) [Dos San-
tos et al., 2023] in many ways. First, instead of relying
on ChatGPT-4 to analyze accessibility update reviews and
offer an overview for answering our previous and new re-
search questions, we opted for manual content analysis to ex-
plore our inquiries more thoroughly. More specifically, we
recruited three researchers to conduct a manual closed cod-
ing process on a total of 694 accessibility update reviews ob-
tained from the previous work. Subsequently, each user re-
view was categorized based on theWCAG 2.2 (Web Content
Accessibility Guidelines)[W3C, 2023], incorporating both
quantitative and qualitative analysis. Second, we included
four new research questions to explore, in addition to acces-
sibility issues, enhancements and practical implications cov-
ered in the previous study, the following: i) terms and expres-
sions commonly used to indicate perceived app updates; ii)
personal context and user characteristics; iii) WCAG princi-
ples and guidelines linked to the user reviews; and iv) general
user demands for developers and organizations.
Accordingly, we framed our investigation in seven re-

search questions, of which RQ1, RQ2, RQ3, RQ7 were in-
troduced in this extended version of our previous work. No-
tably, RQ4, RQ5 and RQ6, which were partially addressed in
the previous work, were answered in this manuscript based
on manual content analysis, resulting in different categoriza-
tions, listings, and examples of user reviews.
RQ1: What are the terms and expressions com-

monly employed by users to indicate that something has
changed following an update? With this RQ, we intend to
create a set of keywords or expressions that convey that some-
thing in the current version of the app has changed compared
to its previous release. This can be useful as a training dataset
to identify reviews associated with updates in upcoming stud-
ies.
RQ2: What are the personal context elements men-

tioned by users in accessibility update reviews? With this
RQ, we intend to characterize the message sender with re-
spect to its physical traits and usage context. Such knowl-
edge can help to identify user profiles and they probable im-
pact on user reviews.
RQ3: What are the WCAG 2.2 principles and guide-

1https://openai.com/product/gpt-4

lines associated with the accessibility update reviews?
With this RQ, we intend to identify which accessibility guide-
lines are potentially neglected by developers during software
evolution and use them as underlying themes to analyze the
results of our study.
RQ4: What are the accessibility problems reported in

the accessibility update reviews? With this RQ, we in-
tend to identify instances of accessibility barriers introduced
by app updates to give evidence that even though evolution
moves the app toward user satisfaction, there might be some
collateral damage if certain quality aspects are overlooked.
More specifically, we want to identify what rendered the
interface or interaction inaccessible (e.g. small font size).
In previous work, we categorized accessibility issues based
on themes emerging from user reviews and analysis using a
ChatGPT-4 prompt. Here, we highlight these issues using
manual content analysis, focusing on the frequency in acces-
sibility update reviews related to interface elements.
RQ5: What accessibility enhancements are mentioned

in the accessibility update reviews? With this RQ, we in-
tend to show whether users recognize any accessibility im-
provement associated with app evolution and which enhance-
ments were identified. This knowledge can be useful to give
evidence that accessibility can and should be improved over
time, and that users acknowledge those enhancements in mo-
bile apps. In prior research, only seven instances of accessi-
bility improvements were identified, and the subsection pro-
vided very brief coverage without any examples from the re-
views. Now, we present a list of ten perceived enhancements,
including examples of reviews and their respective apps.
RQ6: What are the primary outcomes or impacts ex-

perienced by users as reported in the accessibility update
reviews? With this RQ, our aim is to provide evidence of the
practical implications users face when the app becomes less
accessible after some update. This knowledge is important
to show developers and organizations the impact of the lack
of accessibility in the user experience. In earlier findings,
we presented the main consequences detected and reported
by users, categorized into four groups based on a ChatGPT-
4 prompt. Here, we delineate the practical repercussions,
grouping them into eleven categories using an open coding
process.
RQ7: What are the users demands when they notice

accessibility decline after an update? With this RQ, we
intend to understand what are the general user demands con-
cerning the accessibility issues they reported. This knowl-
edge is important to understandwhat users expect from devel-
opers and organizations following their testimonial on their
perspective regarding app accessibility.
Understanding the impact of updates on app accessibility

is crucial because it provides evidence that accessible apps
may not remain accessible indefinitely. This raises an alert
that, although evolution aims to improve app quality, neglect-
ing to prioritize accessibility alongside other goals can nega-
tively affect many users. In summary, the main contributions
of this paper are the following:

• A dataset2 of accessibility update reviews manually la-
beled according to our content analysis process (see Sec-

2https://doi.org/10.5281/zenodo.13139793
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tion 3). This dataset can be used in further studies.
• A set of keywords associated with app updates that can
be used to automatically identify user reviews (e.g. us-
ing string matching or machine learning) in which users
report changes in new versions of an app. Such resource
can be useful to increase this study dataset or to create
different datasets for future investigations, regardless of
the quality aspect investigated in software evolution.

• Evidences that most accessibility update reviews are
associatedwith theWCAG“Perceivable” principle, and
the “Distinguishable”, “Adaptable” and “Seizures and
Physical Reactions” guidelines, suggesting that broader
goals linked to them may require more attention during
software evolution.

• Identification of accessibility issues introduced by app
updates, which shows that accessibility compliance is
not stable over time. The accessibility barriers reported
by users are concentrated on the following issues: poor
color schemes, inadequate font size and types, unla-
beled elements, and lack of customization options.

• Identification of accessibility enhancements noticed by
users following an update, giving evidence that users
do recognize developers and organizations efforts to de-
liver more accessible products.

• Identification of the practical implications for the user
experience as consequence of the lack of accessibility
of the new version of the mobile apps. The practical
implications are mostly related to difficulty or inabil-
ity to reading or distinguishing elements on the screen;
physical discomfort; difficult navigation; and inability
to use screen readers. Beyond practical consequences,
users report to loose autonomy and feel discriminated
against.

• Identification of what users expect from developers and
organizations, primarily by requesting them to address
accessibility issues, incorporate accessible features, and
revert the app to a more accessible state. They also pose
questions to challenge organizations regarding the ne-
glect of the needs of people with disabilities in their de-
sign processes.

This paper is organized as follows. Section 2 describes
the related work. Section 3 outlines the research method we
adopted to answer our research questions. Section 4 presents
and discusses our results by answering our research ques-
tions. Section 5 shows the threats to the validity of this study.
Finally, Section 6 presents some concluding remarks and fu-
ture directions.

2 Related work
This investigation delve into user reviews aiming at under-
standing how users perceive the impact of updates on the
mobile accessibility. Therefore, this section outlines related
work associated with accessibility reviews and mobile acces-
sibility evolution.
Numerous studies explore the influence of user reviews

on software updates in general [Liu et al., 2023; Palomba
et al., 2018; Ciurumelea et al., 2017]. However, although
many studies have been undertaken to analyze accessibility

reviews3 [Eler et al., 2019; Aljedaani et al., 2022a; Alshay-
ban et al., 2020; AlOmar et al., 2021; Aljedaani et al., 2021;
Santiago andMarques, 2022; Oliveira et al., 2023; Aljedaani
et al., 2023; Liu et al., 2023; Aljedaani et al., 2022b], there is
still a notable gap in research regarding user insights on the
impact of updates on the mobile app accessibility.
Considering that constant modifications can cause the de-

cline of the overall quality of software products [Lehman,
1996], researchers have investigated the implications of app
evolution on some quality aspects of mobile apps. Gao et al.
[2019] uncovered evidence suggesting that app complexity
remains relatively stable throughout updates, possibly due to
frequent removal of functionality, as noted by Nayebi et al.
[2018]. This deletion is often driven by unnecessary features,
subpar user experience, and compatibility concerns. Taylor
andMartinovic [2017] examined how software evolution im-
pacts security-related factors and discovered that Android
apps do not becomemore secure with updates. Instead, many
updates tend to exacerbate the number of vulnerabilities over
time. Nayebi et al. [2018] noted that excessive functional-
ity, typically stemming from the continuous addition of new
features, can significantly affect usability, resource consump-
tion, and maintenance efforts.
In addition to those quality aspects, researchers also in-

vestigated the consequences of updates on apps accessibility,
which is the focus of our study. More specifically, Alshay-
ban et al. [2020] employed an accessibility rate metric, cal-
culated from the percentage of interface elements on a screen
exhibiting accessibility issues, to assess subsequent updates
of 60 mobile apps. Their analysis revealed that 47% of the
updates enhanced the overall accessibility of the apps, while
28% resulted in decreased accessibility and 25% had no im-
pact on their overall accessibility levels. However, these
findings do not definitively establish whether the observed
improvements stem from fixing accessibility bugs or from
the addition of new interface elements with fewer accessibil-
ity issues. The latter scenario could potentially decrease the
inaccessibility rate without addressing existing accessibility
barriers. Furthermore, Chen et al. [2022] assessed the three
most recent versions of 70 mobile apps and discovered that
the number of issues remained unchanged in 57 apps (82%).
However, in 10 apps (14%), the number of issues increased,
while in 3 apps (4%), it decreased.

Previous studies on the evolution of mobile app accessibil-
ity have mainly focused on specific metrics like the number
of issues detected by automated tools, often overlooking the
changes in accessibility that occur following updates. Our
earlier work deviated from this approach by analyzing 694
user reviews to gauge the impact of updates on perceived
accessibility, highlighting both improvements and issues as
well as users’ reactions. We used ChatGPT-4 to summa-
rize key accessibility challenges and advancements. In this
manuscript, we extend our previous research by manually
analyzing the content of user reviews to gain a deeper under-
standing of accessibility issues and improvements, as well as
examining the WCAG 2.2 principles and guidelines related
to the topics discussed in each review.

3User reviews that comment on accessibility aspects of the evaluated
app.
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Figure 1. Overview of each step of our sampling and data analysis process.

3 Study design
This section describes the process we adopted to collect,
label and extract information from accessibility update re-
views. Figure 1 outlines the steps of our research method.
First, we acquired a dataset of accessibility update re-
views from previous studies [Oliveira et al., 2023; Dos San-
tos et al., 2023]. Next, we conducted the steps of a content
analysis approach to code and analyze our data. Each step is
detailed as follows.

3.1 Sampling
To gather insights into users’ viewpoints regarding accessi-
bility changes stemming from app updates, we opted to ana-
lyze user reviews posted on app stores. These reviews offer
spontaneous opinions and assessments penned by users as
they interact with the apps within their own contexts. The
sampling process to produce a dataset of accessibility update
reviews was conducted in two prior studies.
In a previous study, Oliveira et al. [2023] employed string-

matching filtering and manual inspection of nearly 180 mil-
lion user reviews extracted from the most popular apps from
the Google Play Store to create a dataset4 of 4,999 accessi-
bility reviews associated with visual disabilities and eye con-
ditions. All reviews in this dataset are labeled according to
some categories: disability or eye condition associated with
the review; whether the feedback is positive or negative; and
the interface resources or components associated with the re-
view. This dataset comprises 936 positive (18.7%) and 4,063
negative reviews (81.3%). Positive reviews typically indi-
cate acknowledgment that the app is accessible to some ex-
tent, whereas negative reviews usually consist of complaints
or requests for missing accessibility features.
In our most recent prior study [Dos Santos et al., 2023],

we conducted a manual examination of the 4,999 accessi-
bility reviews within the dataset produced by Oliveira et al.
[2023] to select reviews that reported changes in mobile app
accessibility following updates. The manual inspection in-
volved four researchers, with one researcher analyzing all re-
views, while the remaining researchers inspected one-third
of the sample each, ensuring that each review was examined

4https://github.com/marceloeler/data-paper-chi23

at least twice. Access to subsets of the reviews was provided
to each researcher via a Google Spreadsheet. Researchers
were instructed to retain only those reviews in which users
explicitly mentioned either negative or positive outcomes re-
garding mobile accessibility directly caused by a recognized
app update (e.g. “The latest version (4.2) appears to have
removed the ability to select a font size for reading messages.
This is a major problem for those of us who are visually
impaired! Please return that option!” (Gmail)). In that
sense, researchers were instructed to not keep the reviews in
which users mention accessibility issues but the implications
of the app update are not accessibility-related. In addition,
researchers must also rule out reviews that mention updates
on the Operating Systems instead of the mobile app.
After the manual inspection, we cross-checked the find-

ings of the manual classification. For every disagreement, a
third researcher was requested to break the tie. In total, 100
reviews had to be further analyzed by other researchers. Con-
sider, for example, the following user review for which we
needed to reach a joint decision: “Hellppp how to put back
dark mode theme in huwaei phone? My pro30 lite just up-
dated it system and the messages app lost it’s dark theme.”
(Messages). In this case, the third researcher decided to ex-
clude the review because it mentions a system update (e.g.
Android) that impacted a specific app, but it is not clear
whether the app has also been updated. For the purpose of
determining the extent to which the raters agreed upon the
classifications, we used Cohen’s Kappa coefficient [Cohen,
1960]. We acquired a degree of agreement of 0.98. Accord-
ing to Fleiss et al. [1981], these agreement values are nearly
perfect agreement (i.e., 0.801.00). In that sense, the resultant
sample, a set of 694 accessibility reviews associated with app
updates, is the result of a process for which all researchers
agreed on 100%.

3.2 Content analysis approach

Content analysis encompasses a range of systematic, rule-
based methodologies employed for analyzing the informa-
tional content present within textual data. In this study, we
employed both quantitative and qualitative content analysis
approaches. Following a quantitative content analysis ap-
proach, we used a closed coding process to systematically as-
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Table 1. Codebook.

Code Definition Segments example
Update keyword Terms highlighting the occur-

rence of updates
“used to be able”, ”since the update”, ”last version”

User characteristics Terms associated with the user,
such as pronouns, disabilities,
technology, etc.

“Some of us, eye strain” “I´m, legally blind, visually impaired
fellow, like me”

Accessibility Issues Accessibility issues users re-
ported as a consequence of an
update.

“small font size”, “no dark mode options”

Accessibility improvements Improvements and compli-
ments highlighted by users
following an update.

“The dark mode is finally here”, “love the new font side update”

User requests User demands for developers
and organizations in the review.

“I hope it’s fixed and back in a new update soon”, “Please give
us back the carousel feature!”, “Stop removing options!”

Consequences/Implications Practical implications stemmed
from the lack of accessibility in-
troduced by an update.

“that blind me”, “nearly impossible to use it”, “hard to distin-
guish between different colors and contrasts.”

sign codes to segments of the accessibility update reviews ac-
cording to predefined categories. Such approach allowed us
to quantify and generalize findings from our dataset. The
codebook for this task was developed based on the research
questions we devised for this study. Table 1 shows the code-
book devised in this study. In addition to assigning codes to
significant segments or phrases encapsulating the core con-
cepts within our textual data, we categorized each accessibil-
ity update reviews based on the WCAG 2.2 guidelines.

We adopted the WCAG in this process because it has been
the de facto standard when it comes to accessibility guide-
lines. It was developed by the World Wide Web Consortium
(W3C) and provide recommendations to enhance accessibil-
ity of digital content, particularly for people with disabilities
such as those with blindness, low vision, and photosensitiv-
ity. Additionally, it has been widely used in research in-
volving digital accessibility [Power et al., 2012; Reyes Arias
et al., 2022; Haggag et al., 2022; Othman et al., 2023; San-
doval Alcocer et al., 2024]. TheWCAG is structured around
principles, which are supported by guidelines, which has spe-
cific success criteria to measure compliance and address var-
ious accessibility challenges. In total, WCAG has four main
principles, thirteen guidelines and and fifty-nine success cri-
teria. The WCAG principles are presented as follows.

1. Perceivable. Information and user interface compo-
nents must be presented to users in ways they can perceive.
The guidelines of this principle are: Text Alternatives, Time-
based Media, Adaptable, and Distinguishable.

2. Operable. User interface components and navigation
must be operable. The guidelines of this principle are: Key-
board Accessible, Enough Time, Seizures and Physical Re-
actions, Navigable, and Input Modalities

3. Understandable. Information and the operation of the
user interface must be understandable. The guidelines of this
principle are: Readable, Predictable, and Input Assistance.

4. Robust. Content must be robust enough that it can be
reliably interpreted by a wide variety of user agents. This
principle has a single guideline: Compatible.

3.2.1 Coding process

In the closed coding process, three researchers independently
reviewed the data and assigned codes from the codebook (Ta-
ble 1) to segments of the accessibility update reviews. They
also classified each accessibility update reviews according
to WCAG 2.2 guidelines. Each researcher had four weeks
to analyze the data in order to avoid exhaustion. After cod-
ing the data independently, the inter-coder reliability of the
process was ensured by requiring agreement between a min-
imum of two out of three researchers for the assignment of
a code to a text segment. This approach helped to mitigate
potential discrepancies and increase the validity and consis-
tency of the coding process. Codes that met this criterion
were considered reliable and were retained for subsequent
analysis, while any instances of disagreement were resolved
through discussion and consensus among the researchers.

3.2.2 Data analysis

We adopted different approaches to analyze our data and
present our findings according to the RQ:
RQ1 to RQ3: update keywords, user characteristics

and WCAG principles and guidelines. We used quanti-
tative analysis to present the frequency of terms or guide-
lines associated with each review. We also resorted to word-
clouds and wordtrees to provide visual aid to provide an
overview of the topics explored within the accessibility up-
date reviews for RQ1 and RQ2.
RQ4: accessibility issues. The list of accessibility barri-

ers pinpointed by users following updates is enormous, hence
we decided to split them into categories. Instead of creating
categories based on an open coding process, we opted to or-
ganize and analyze the results based on the interface com-
ponents or elements involved in each accessibility update re-
views as labeled in previous work [Oliveira et al., 2023].
RQ5: accessibility improvements. The list of accessibil-

ity enhancements identified by users is short, therefore we
opted to analyze and outline the most mentioned issues.
RQ6 and RQ7: practical implications/consequences

and user demands: The list of practical implications and
user demands that stem from the lack of accessibility is
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shorter than the list of accessibility barriers (RQ4), but it still
requires some sort of categorization to make it easier to an-
alyze and understand. Thus, we conducted an open coding
process in which we assigned categories to each accessibil-
ity update reviews based on their resemblance with respect
to each RQ.

4 Results and discussion
This section presents the results of our investigation. Before
answering each research question, we describe our dataset
based on some of the results we obtained in our previous
study [Dos Santos et al., 2023]. Altogether, we detected 694
accessibility reviews from the dataset created by Oliveira
et al. [2023], detailing alterations in the mobile app acces-
sibility subsequent to updates. The number of accessibility
reviews associated with app updates represents 14% (694) of
the original dataset, which is composed of 4999 accessibility
reviews. The majority of these reviews (647 reviews – 93%)
express negative feedback, indicating a decline in app acces-
sibility post-update, while only 7% of reviews (47) provide
positive comments, suggesting users perceived the updated
version as more accessible.

The prevalence of negative reviews does not necessar-
ily imply that all apps inevitably become less accessible
as they evolve. It is plausible that numerous accessibility
enhancements go unreported in user reviews due to a ten-
dency for people to provide negative rather than positive
feedback [Kraft and Martin, 2001]. However, the dispropor-
tionate amount of negative feedback serves as evidence that
the evolutionary process of mobile apps, aimed at meeting
user and environmental demands, may inadvertently compro-
mise other quality aspects, such as accessibility.
Table 2 shows the top 10 interface resources or com-

ponents that are mostly mentioned in accessibility update
reviews. We delineated the interface components and re-
sources associated with each accessibility update reviews by
utilizing a string-matching procedure grounded in keywords
derived from the design fundamentals and guidelines out-
lined in the Google Material Design framework5 and in the
BBC Mobile Accessibility Guidelines6. COLOR is by far
the most comment resource (332 reviews – 48%), followed
by MODE (205 reviews – 29%), SCREEN READER (96 re-
views – 14%), and FONT (84 reviews – 12%).

Evidently, discrepancies with the color scheme or color
mode/theme of mobile apps emerge as the most prevalent
concern among reported updates. Notably, this issue cor-
relates with several resources detailed in Table 2, including
COLOR,MODE, BACKGROUND, and SETTING. A recur-
rent complaint voiced in user reviews revolves around the
removal of dark mode in the latest version of the app (e.g.
“Worst update ever they just removed dark mode. My eyes
are blind now thanks a lot facebook.” (Facebook)).
Many users also report that the update has made the app

inaccessible with assistive technologies, such as screen read-
ers, according to their feedback (e.g. “After this update I’m
not able to book can it was working fine till last update I can’t

5https://m3.material.io/components
6https://www.bbc.co.uk/accessibility/forproducts/guides/mobile/

Table 2. Top 10 interface resources or components that are mostly
mentioned in accessibility update reviews.

Resource/Component Reviews Proportion
COLOR 332 48%
MODE 203 29%
SCREEN READER 96 14%
FONT 84 12%
BACKGROUND 55 8%
SETTING 48 7%
TEXT 45 6.5%
BUTTON 42 6%
LAYOUT 16 2%
MENU 14 2%

confirm ride with TalkBack fix it” (Uber)). Additionally, an-
other prevalent critique is that the font size has decreased
in the new version, or users are unable to adjust font settings
anymore (e.g. “The new font is terrible. It’s hard to read and
gives me eye strain. For some reason it overrides my phone’s
font settings. That’s really bad for accessibility. Please give
us the option to disable it and use our system font.” (Twit-
ter)).
The answer to each RQ is discussed as follows.

4.1 RQ1: Common terms and expressions

RQ1 aims at identifying common keywords or expressions
employed by users to convey that something in the current
version of the app has changed compared to its previous re-
lease. Such knowledge can help establishing a set of key-
words or a training dataset to identify reviews associatedwith
app updates from the perspective of user reviews in upcom-
ing studies, regardless the focus of the analysis (e.g. acces-
sibility, bug reports, security, energy consumption). There-
fore, in the coding process (cf. Section 3), researchers iden-
tified specific terms and expressions related to app updates.
Table 3 shows the top 20 most frequent words employed by
users.

Table 3. The top 20 most frequently mentioned words when users
want to express that something has changed from a previous version
to a current release of the mobile app.

Word Frequency Word Frequency
update 422 recent 43
new 188 since 41
now 105 used 37
version 89 updated 37
back 83 old 29
latest 75 bring 28
change 70 before 27
after 53 changed 26
was 47 removed 24
last 44 made 23

Figure 2 presents a word cloud that provide a visual pre-
sentation of the most prominent terms and expressions em-
ployed by users by displaying frequently occurring words in
larger fonts. This word cloud were build considering both
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isolated words and expressions (e.g. latest update, new up-
date), that is why some words may be presented in a bigger
font than some words with a higher frequency (e.g. “new”
and “now”).

Figure 2. Word cloud illustrating the most common terms and expressions
employed by users to convey that something has changed from a previous
version to a current release of the app.

Discussion. Table 3 shows that most users explicitly indi-
cate that their review refers to some characteristic of the app
considering that the app has been updated. The word “up-
date” appears 422 times, “version” is mentioned 89 times,
and “updated” is emerged 37 times, suggesting that users
commonly recognize and acknowledge when an update has
occurred. Users also frequently use terms associated with the
current status of the app, employing words such as “new”,
“now”, “this”, “latest”, “after” and “recent”. They also
use words to refer to how things were in the past, such as
“change”, “was”, “last”, “since”, “used”, “old”, “before”,
“changed”, “removed” and “made”. Finally, the frequently
utilize words to express they desire to have previous version
restored (e.g. “back” as in “bring back”).
In addition to knowing the frequency of some words and

visualizing most prominent terms and expressions in word
cloud, understanding the context in which some vocables
are used. Hence, following we show a word tree for the top
most frequent terms identified in Table 3. A word tree is a
visual representation that helps in data analysis by showing
how phrases or words are connected to a central keyword or
phrase in a hierarchical structure. The word trees that are pre-
sented as follows we considered a max length of two words
before and two words after the keyword of interest.
Figure 3 shows a word tree for the keyword “udpate”.

Notice that high frequently mentioned words (e.g. “new”,
“latest”, “last”, “recent”) appear before “update” to indicate
which version of the app they are referring to; following, they
characterize or present the consequence of the update: “it is”,
“is not”, “has made” and “made”.

Figure 4 shows a word tree for the keyword “new”. Notice
that this term is strongly associated with the word “update”
and “version”. It is also used to highlight that something spe-
cific within the app is different (e.g. “font”, “layout”, “look”,
“ui”, “colors”, “bright”).

Figure 5 shows a word tree for the keyword “now”. This
vocable is generally used to indicate that, from that moment
on (i.e. the update), some things are different from it was
used to be, which can be related to the characteristics of the
app interface or with the ability of the users (e.g. “now I

Figure 3. Word tree showing how other words frequently employed by users
are connected to the keyword “update”.

Figure 4. Word tree showing how other words frequently employed by users
are connected to the keyword “new”.

can’t”).
Figure 6 shows a word tree for the keyword “version”.

Users generally employ this term to refer to a previous or
the current version of the app (e.g. “previous”, “updated”,
“older”, “lateste”, “new”) and sometimes defining the spe-
cific app or one of its characteristics they are referring to.
This term is usually an indication that the user will contrast
the difference from subsequent versions of the app.
Figure 7 shows a word tree for the keyword “back”. This

term is recurrently used by users to clearly indicate that they
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Figure 5. Word tree showing how other words frequently employed by users
are connected to the keyword “now”.

Figure 6. Word tree showing how other words frequently employed by users
are connected to the keyword “version”.

are not satisfiedwith the current version of the app as they ask
developers and organizations to bring back some feature of
layout. Common expressions include “bring back”, “revert
back”, “change it back”, “give us back”, and so forth.

4.2 RQ2: Personal context information

RQ2 seeks to characterize the message sender by identi-
fying personal context information. More specifically, re-
searchers assigned the code user characteristics to segments
of text that refer to: physical traits (possible disabilities
or conditions), usage context (e.g. watch videos, movies,
work, study), pronouns (e.g. I, he, she, us), sender’s identity

Figure 7. Word tree showing how other words frequently employed by users
are connected to the keyword “back”.

(whether for oneself or for others), relationships involved in
the app usage (e.g. friends, family, spouse), and devices (e.g.
brands, models). Figure 8 presents a word cloud that pro-
vides a visual presentation of the most prominent terms and
expressions employed by users by displaying frequently oc-
curring words and expressions in larger fonts. Table 4 shows
the top 20 most frequent words employed by users.

Figure 8. Word cloud illustrating the most common terms and expressions
employed by users to refer to personal perspectives, such as pronouns, per-
sonal gadgets (e.g. tablet), and disabilities.

Discussion. The word cloud clearly shows that the words
that are more determinant to characterize users that wrote
the accessibility reviews are related to their conditions, dis-
abilities or physical reactions to the app interface. This re-
sult is inline with the fact that we are delving into reviews
associated with mobile apps accessibility, which in general
has more impact on users with disabilities. In addition, the
dataset of accessibility reviews we used to extract accessibil-
ity update reviews is associated with users with visual im-
pairments, hence it is not surprising that, in addition to us-
ing pronouns to refer to themselves (e.g. “’I”, “my”, “me”,
“us”), the most predominant expressions are associated with
visual impairments, such as “visually impaired”, “eye strain”,
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Table 4. The top 20 most frequently mentioned words when users
want to express something related to themselves (e.g. personal char-
acteristics, pronouns, devices, other people) in their review.

Word Freq. Word Freq.
I 250 users 24
visually impaired 72 vision problems 24
my 66 light sensitivity 19
eye strain 65 us 15
people 41 we 15
I am 41 eye straining 14
i´m 36 user 14
sensitive eyes 29 visual impairment 13
me 28 eyestrain 13
blind 28 android 12

“blind”, “sensitive eyes”, “vision problems”, “light sensitiv-
ity”.
In fact, the 4,999 accessibility reviews of the dataset from

which we extracted the accessibility update reviews of our
study are linked to 36 different types of visual disabilities or
eye conditions [Oliveira et al., 2023]. The 694 accessibility
update reviews we identified for this investigation are associ-
ated with 19 different types of disabilities or eye conditions.
Table 5 shows the list of disabilities and the number of re-
views in which they are mentioned by users. Visual impair-
ment is by far the most commonly mentioned disability as
it is related to 283 reviews (40.78%), followed by eyestrain
(116 reviews – 16.71%), photophobia (94 reviews – 13.54%),
low vision (25 reviews – 3.6%) and color blindness (25 re-
views). Many disabilities or conditions were mentioned less
frequently, such as legal blindness (14 reviews – 2.02%), old
eyes (9 reviews – 1.3%), astigmatism (9 reviews), partial vi-
sion (6 reviews – 0.86%), weak eyes (5 reviews – 0.72%),
glaucoma (3 reviews – 0.43%), snow blindness (2 reviews –
0.29%, cataract (2 reviews), myopia (2 reviews), macular de-
generation (1 review – 0.14%), partial blindness (1 review)
and blurry vision (1 review). It seems that numerous users ex-
press a desire to connect their feedback with a visual disabil-
ity or eye condition to underscore the tangible barriers they
encounter, thereby providing additional incentive for devel-
opers to address the reported issues. While certain users cite
specific disabilities (such as myopia), a considerable number
of them utilize general terms (like visual impairment).

Table 5. The list of disabilities mentioned by users in the accessi-
bility update reviews. Column 1 shows the disability and Column
2 shows the number of reviews in which it is mentioned.

Disability/Condition Freq. Disability/Condition Freq.
visual impairment 283 partial vision 6
eyestrain 116 weak eyes 5
photophobia 94 glaucoma 3
blindness 66 snow blindness 2
possibly photophobia 53 cataract 2
low vision 25 myopia 2
color blindness 18 macular degeneration 1
legal blindness 14 partial blindness 1
old eyes 9 blurry vision 1
astigmatism 9

Besides referencing their physical conditions, but to a
lesser extent, users discuss their relationships, how and why

they use the apps, and provide detailed information about
devices and models in order to provide data that may help
resolve the problems faced. While infrequent, these obser-
vations suggest that certain users recognize potential issues
tied to specific device models, potentially mentioning them
in their reviews to aid developers in addressing improve-
ment requests or problem reports. Conversely, in some in-
stances, users express frustration with recurring issues, lead-
ing them to contemplate migrating to alternative platforms,
like iOS/iPhone.

4.3 RQ3: WCAG principles and guidelines
During the coding process, we classified the accessibility

update reviewsof our dataset according to their association
with the WCAG 2.2 guidelines. To answer RQ3, we present
the distribution of accessibility update reviews reviews asso-
ciated with the WCAG 2.2 principles, a broad category of
considerations that serve as a foundation for accessibility;
and with the WCAG 2.2 guidelines, which are more specific
and actionable recommendations that offer practical advice
on how to achieve accessibility objectives within each princi-
ple. Breaking down the accessibility update reviews dataset
into WCAG 2.2 success criteria, which are specific testable
accessibility criteria, is not at the scope of this study.
Figure 9 shows the distribution of accessibility update re-

views according to the WCAG principles. Each review can
be associated with more than one principle since users re-
port may be linked to different aspects of their experience
when it comes to the accessibility of the app. The Perceiv-
able principle, which defines that interface elements must be
presentable to users in ways they can perceive, is by far the
most frequent principle (585 reviews – 84%); followed by
the Operable principle (264 reviews – 38%), which defines
that users must be able to interact with all controls and in-
teractive elements using various input methods. The Robust
principle, which defines that the software and content must
be robust enough to be interpreted reliably by a wide vari-
ety of user agents, including assistive technologies, is the
third most frequent principle (105 reviews – 15%). The Un-
derstandable principle, which defines that information and
operation of the user interface must be clear and easy to un-
derstand, is way less frequent (38 reviews – 5%). Finally,
there are 29 (4%) accessibility update reviews that are too
generic, thus they could not be associated with any princi-
ple (e.g. “Updates are not much accessible so blind people
facing many probs.” (Whatsapp Messenger)).
Figure 10 shows the distribution of accessibility update re-

views according to the WCAG guidelines. This distribution
highlights the areas where updates have beenmost frequently
reported in terms of WCAG guidelines, with “1.4 Distin-
guishable” being the most common category, representing
nearly 69% (477) of all reviews, followed by “2.3 Seizures
and Physical Reactions”, with 161 reviews (23%), and “1.3
Adaptable”, with 159 reviews (23%).
Discussion. Effectively gathering information through

our sensory system is a prerequisite for understanding or in-
teracting with any interface. Therefore, it is not surprising
that the majority of reviews are linked to the “Perceivable”
principle since any problems in this first and fundamental
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Figure 9. Frequency of WCAG 2.2 principles associated with each accessibility update reviews of our dataset.

Figure 10. Frequency of WCAG 2.2 guidelines associated with each accessibility update reviews of our dataset.

layer for any successful interaction may represent a major
barrier for any user. As the WCAG principles seem to be
considered in a hierarchical manner to create a comprehen-
sive framework for web accessibility, in which each princi-

ple is seen as building blocks, with some foundational princi-
ples supporting others, the Understanding principle naturally
follows the Perceivable principle when it comes to their fre-
quency. The Robust principle holds significant relevance in
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this research due to its inherent nature towards assistive tech-
nology. We delve into accessibility reviews concerning indi-
viduals with visual disabilities, a demographic heavily depen-
dent on assistive technologies. Therefore, compatibility with
these technologies is paramount for mobile apps, rendering
the Robust principle one of the primary focuses.
The accessibility update reviews of our dataset are associ-

ated with all 13 WCAG 2.2 guidelines, with a clear concen-
tration on guidelines of the Perceivable and Operable prin-
ciples as discussed before. The fact that most reviews are
linked to the “1.4 Distinguishable” guideline is not surprising
because it comprises 13 success criteria that are connected
to the main accessibility barriers found in mobile applica-
tions Yan and Ramachandran [2019]; Eler et al. [2018]; Chen
et al. [2022], which includes, among others, the use of color,
audio control, contrast, text size configurations, text spacing,
and visual presentation. This suggests a concern among users
about the visual presentation of content and the ability to dis-
tinguish different elements on the screen.
The high frequency of reviews connected to the guideline

“2.3 Seizures and Physical Reactions” does not mean, in this
study, that users are actively concerned about content that
may trigger seizures. Rather, they are more concerned with
physical reactions and discomfort that comes from white
background and the absence of dark or night modes, which
can include eyestrain, headaches, migraine, dizziness, and
so forth. Reviews associated with this guideline are mostly
associated with the “1.4 Distinguishable”, which comprise
the “Visual Presentation” success criteria, which defines that
foreground and background colors can be selected by the
user.
The third most common guideline associated with the ac-

cessibility update reviews of our dataset is the “1.3 Adapt-
able”, which indicates that users are concerned with the re-
quirements of the content to be adaptable across different
devices, screen sizes, and user preferences. Users seem to
value content that can easily adjust to their individual needs
and contexts, enhancing usability and accessibility.
Another major concern for users is the fact that many apps

are not compatible with assistive technologies. The specific
WCAG guideline that discuss this topic is “4.1 Compatible”,
which outlines criteria to maximize compatibility with cur-
rent and future user agents, including assistive technologies.
In many cases, users mention that some app is not compati-
ble with screen reader when they cannot adequately perceive
and navigate through some interface due to the absence of
descriptions of non-text content. However, in this study, the
“1.1 Text Alternatives” guideline, which is concerned with
providing text alternatives for any non-text content, is associ-
ated with only 10 accessibility update reviews. Even though
those two guidelines may be connected, researchers only as-
signed a correspondent guideline to a review when users ex-
plicitly explain the reason of their complaint (e.g. “I am cur-
rently unsatisfied with the most recent update as there is little
to none accessibility features for accessing the ’playlist’ sec-
tion as it does not speak to me for that button that would say
that it would take me to that section. All it does is say ’button
double tap to activate’ when it should replace ’button’ with
’playlist button’ so that me and potentially other blind people
can tell where they are navigating.” (Amazon Music)).

The “3.1 Readable” and “2.2 Enough Time” are the guide-
lines that are least associated with the accessibility update re-
views. The Readable guideline is concerned with making the
make text content readable and understandable. More specif-
ically, it refers to the used language, abbreviations, unusual
words, reading level, and pronunciation, which seems to rep-
resent a minor concern for users in this case. The low fre-
quency of reviews mentioning the Enough Time guidelines
suggests that users may not encounter as many issues related
to time limits or interruptions.

4.4 RQ4: Accessibility problems
To answer RQ4, researchers assigned the code “accessi-

bility issues” to segments of accessibility update reviews that
clearly indicates a problem in the interface that affects app ac-
cessibility according to users perception. Rather than detail-
ing every issue within this category, we opt to organize them
by different categories. Aligning withWCAG 2.2 guidelines
for organization would be straightforward, given our label-
ing. However, WCAG guidelines provide broad objectives
for making content accessible, that is why most reviews are
concentrated on the top three most mentioned guidelines (cf.
Figure 10), hindering more specific categorization. A more
specific categorization would require breaking down each
guideline in success criteria, which is out of the scope of our
study. Therefore, we chose to highlight primary accessibility
issues based on interface elements according to their appear-
ance frequency in accessibility update reviews (cf. Table 2),
signifying areas needing attention.
Color. Users with disabilities encountering accessibility

challenges face numerous issues related to the color scheme
of the user interface across various applications. The absence
of options for font style, line, and character spacing, coupled
with limited control over colors, severely hampers the usabil-
ity of the interface, particularly for individuals with visual
impairments. Moreover, the introduction of new colors that
are not color-blind friendly or excessively bright and glaring
exacerbates the problem, causing discomfort and making it
difficult to distinguish between different elements. Users of-
ten express frustration at the lack of customization options to
adjust the color scheme to their preferences or specific needs,
highlighting the disregard for inclusivity in design decisions.
Additionally, sudden changes in colors without warning or
consideration for user feedback further compound the acces-
sibility challenges. Following, we present excerpts extracted
from accessibility update reviews associated with such prob-
lems.

“Why did this app change from black and white to
pink and purple with the last update? I hate it!
(...) I am visually impaired and the black and white
was helpful to me the pink and purple makes it very
difficult to see. I looked all through the app for
an option to change the colors but found nothing.”
(Clock)

“The choice of different colors for different event
has disappeared (I had to get a replacement
phone). I’m legally blind the colors help me iden-
tify different events on my calendar. Not happy
with this change!!!” (Google Calendar)
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Mode or Theme. Users have expressed frustration over
recent updates that have either removed or failed to include
dark mode, night mode, or dark theme options in various ap-
plications, resulting in discomfort and usability issues, par-
ticularly for those with visual impairments or sensitivity to
bright screens. In Amazon Alexa and Amazon Kindle, users
lament the absence of dark mode, which they relied on to re-
duce eye strain. Similarly, in Duolingo, users miss the night
mode feature, which is beneficial for practicing at night and
reducing eye strain. Facebook users criticize the disappear-
ance of dark mode, with some reporting unbearable bright-
ness causing eye strain, while others express confusion over
the app’s failure to adhere to their device’s dark mode set-
tings. In Gmail and Google, users report dark mode dis-
appearing after updates, causing frustration and discomfort.
Snapchat users find the new design visually unpleasant, espe-
cially without a dark mode option, leading to discomfort and
difficulty in using the app. These excerpts from accessibility
update reviews in our dataset exemplify this finding:

“The newest update seems to have gotten rid of
night mode. I hope it’s fixed and back in a new
update soon because the white background causes
so much eye strain!” (Amazon Alexa)

“First of all what happened to the black back-
ground when you go to your profile page? the
white is eye straining and they made it so busy it’s
like having an anyuersim each time you glance at
the screen. you should make an option for a dark
mode.” (Snapchat)

Screen reader. Users with disabilities, particularly those
reliant on screen readers, detail challenges in navigating apps,
finding options, reading images, and encountering compati-
bility issues during interactions like booking or making pay-
ments. These specific grievances offer actionable insights
for developers to address and improve accessibility. In con-
trast, generic complaints express overall dissatisfaction with-
out specifying specific barriers, limiting their usefulness for
developers seeking to enhance app accessibility. Here are
some accessibility update reviews excerpts from our dataset
that emphasize this:

“I’m using a screen reader as I’m visually im-
paired. In the past I could find the options for YES
NOMAYBE very easily when deciding to like some-
one or not. Now the screen reader reads me all
this BUTTONS which I haven’t a clue what they
are. More or less where on someone’s profile does
one find the YES NO MAYBE options? I’m going
to deactivate and uninstall my baddoo because I
now noticed I a screen reader user can’t even find
where to right a message to someone. So this app
is not useful.” (Badoo - Dating & Meet People)

“Not accessible for new payment option for using
screen reader for blind user I am using to phone
redmi note 7 Pro and Samsung m30 both phone aa
hang totally hanging using new payment option”
(Google Pay: Save- Pay- Manage)

Font. Users experiencing issues related to font size across
various applications express frustration with the lack of cus-
tomization options and the inability to adjust font size to ac-
commodate their visual impairments. They report that recent
updates have resulted in smaller font sizes, making text diffi-
cult to read and causing eye strain. Additionally, users high-
light the importance of font size settings for individuals with
low vision, emphasizing the need for accessibility features
to ensure usability for all users. These are excerpts from ac-
cessibility update reviews in our dataset that highlight this
point:

“They recently changed the font in the app to tiny
and there is no way to change it back or make it
large text. (...) I can no longer use the app be-
cause I’ve had vision loss and need the large print.
(...) The app should have an option to enlarge the
text. People with low vision cannot use this app.”
(Calorie Counter - MyFitnessPal)

“really really bad new font extremely unfriendly for
those with low vision or dyslexia especially since
you seem to not allow a phone’s UI to change it to
the user’s preferred font. i would give it a zero if i
could.” (Twitter)

Background. Users have expressed various accessibility
concerns related to the background of the app, including dis-
satisfaction with its white and bright appearance and the re-
moval of dark or night mode options, making it uncomfort-
able for users. Additionally, users lament the inability to cus-
tomize background colors, highlighting the lack of flexibil-
ity in font and background color options. Some find the light
blue background problematic, while others encounter issues
with background and font color clashes, such as white text
on a light blue background or grey background with blue let-
ters, which hinders readability and usability for certain users.
Here are excerpts from the accessibility update reviews in
our dataset that underscore this finding:

“This was a great app until they removed the font
and background colors! Now its not customizable
at all! BRING BACK COLORS!!” (Wattpad -
Read & Write Stories)

“With the latest upgrade my typing field in messag-
ing is set to a grey background and blue letters. I’m
sending you the bill when I get glasses due to eye-
strain.” (OkCupid: Online Dating App)

Setting. Users express frustration over the lack of acces-
sibility settings in various mobile apps, impacting their us-
ability, especially for those with visual impairments or sen-
sitivity to light. Complaints include the removal of dark
mode options, font size settings, and color customization,
causing discomfort and difficulty in reading content. Spe-
cific grievances highlight issues with keyboard functional-
ity, screen brightness adjustments, and layout changes, em-
phasizing the need for developers to prioritize accessibility
features and provide customization options to accommodate
diverse user needs. These excerpts from accessibility update
reviews in our dataset support this finding:
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“Latest update hijacks screen brightness making
reading in low light uncomfortable for people with
sensitive eyes. If your devs made this change inten-
tionally they’re out of their minds. No user wants
his settings hijacked. Change this.” (Amazon Kin-
dle)

“I need help with this one for some reason the ap-
plication changes my display setting it makes it
more difficult to read... I’m visually impaired and
I don’t need the app making my screen dimmer...
why is Google play books changing my display set-
ting whenever I activate the app.” (Google Play
Books & Audiobooks)

Text. Users encounter various accessibility problems with
text in mobile apps, particularly related to text size, text-to-
speech functionality, and text layout. Complaints include
text being too small (similar to Font), difficulties using voice-
to-text features, removal of text reflow or word wrap func-
tionality, and issues with text-to-speech not functioning prop-
erly. Additionally, users note challenges with text box vis-
ibility when using accessibility features like magnification,
highlighting the need for improved text layout and naviga-
tion options to enhance usability for blind individuals. Fol-
lowing, we present excerpts extracted from accessibility up-
date reviews associated with such problems.

“The latest update in swiggy hasmade the app com-
pletely inaccessible for text to speech application
for blind users. I am a blind person and I reside
alone. (...) Currently the app is completely unus-
able for people like me and I have to depend on
someone else to order which is a risk in the covid
times. Please conduct an accessibility audit and
make the app accessible. Meanwhile roll back the
latest update.” (Swiggy : Food Delivery | Insta-
mart Grocery | Genie)

“This app used to work fine with magnification but
now when typing your message you lose the text
box where you are typing preventing you from see-
ing what you are typing. The text is there it has just
slipped out of view under the keyboard.” (What-
sApp Messenger)

Button. Users with disabilities encountering accessibility
issues face various challenges related to buttons in the user in-
terface of mobile applications. These challenges include but-
tons lacking labels necessary for assistive technology, which
makes it difficult for users reliant on screen readers to un-
derstand their functionality. Changes in button placement
without maintaining consistency pose navigation difficulties,
particularly for blind users, affecting their ability to interact
effectively with the app. Additionally, issues such as smaller
buttons and the absence of clear labeling further hinder us-
ability, especially for visually impaired individuals who rely
on distinct visual cues. Furthermore, the absence of labeled
essential buttons, like the confirm pick-up button in ride-
sharing apps, significantly impacts the independence of visu-
ally challenged users who depend on assistive technologies

like TalkBack for navigation. Here are examples from acces-
sibility update reviews in our dataset that emphasize this:

“(...) the outlay is not very user-friendly for blind
people. Not all buttons are clearly labeled with
text tags. (...) Since last update accessibility for
the blind has diminished buttons have disappeared
or are not workingddp” (YouVersion Bible App +
Audio)

“This is a great app other than the fact that the
buttons need to be labeled for a visually impaired
gamer you can still see to play ps3 / ps4 however
can’t use a phone well enough. Please remove
these buttons with the next update.” (PlayStation
App)

Layout. Users express frustration with changes in app lay-
out that negatively impact accessibility. Complaints include
difficulties reading emails with new window pane layouts
in Gmail, experiencing eye strain and headaches due to lack
of dark mode in Gmail, adverse effects on vision caused by
layout changes in Google Calendar, challenges adapting to
new layouts in Instagram, and inability to adjust settings for
background color in MX Player. Additionally, users criticize
navigation buttons being moved to the bottom of the screen,
smaller button sizes, and poor color contrast in the new lay-
out of YouTube, highlighting concerns about decreased ac-
cessibility and user-friendliness. These accessibility update
reviews excerpts from our dataset highlight this point:

“Used to be very happy with my Google calendar
app however phone has just done automatic up-
date and entire app has changed layout appear-
ance. With new look it badly affects my genetic eye
defect (which old version did not) and damages my
vision. There is no way to change or adapt the app
anywhere in any settings either. This is extremely
bad set out for use of many customers who have
health or disability issues and are dependant on
phone apps...” (Google Calendar)

“The new layout stinks! I mean seriously. 1. Now
the navigation buttons are at the bottom of the
screen causing us to see LESS content. 2. The
buttons are smaller. Do you hate people with vi-
sion problems? The elderly? Heck even my 12
year old nephew couldn’t find them on his tablet
because they’re so tiny and they’re grey on white.
If your goal is to make your application LESS ac-
cessible to all and LESS user friendly then you’ve
succeeded. Congratulations. slow sarcastic clap
” (YouTube)

Menu. Users encounter accessibility issues with menus
in various apps after recent updates. For instance, in Pan-
dora, the new menu layout is criticized for being difficult
to navigate, particularly for visually impaired individuals, as
it is smaller in print and located at the top of the screen,
making it challenging to see from a distance. Additionally,
in Viber, users express hope for customizable font sizes in
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menus and messages, especially considering the small sys-
tem app font size, which poses difficulties for visually im-
paired users. Here are several excerpts from the accessibility
update reviews in our dataset that underscore this finding:

“This new update is crap. (...) Also the menu is
lame. It’s not easy to navigate. It’s no longer in big
print super small and at the top of the screen so for
someone who’s visually impaired such as myself
it’s extremely difficult to see from far away. Epic
fail Pandora. Looks like I’m switching to Spotify.
Much easier.” (Pandora - Music & Podcasts)

“Hoping that updates or progress are more in line
of customizable size of message fonts menus and
stickers as1. System app font size display too
.small for visually impaired.” (Viber - Safe Chats
And Calls)

Discussion. The issues introduced by the new releases of
the analyzed apps are mostly associated with the “1.4 Dis-
tinghishable” guideline (cf. Section 4). In that sense, is-
sues found by users could be summarized in few root causes,
regardless the interface resource or component: poor color
choice, small font sizes and lack of customization options.
Such problems can be perceived in different ways when they
affect different interface elements. By reading users com-
ments, it seems that the the absence of customization set-
tings is the main problem reported by users once the abil-
ity to select color schemes and font configurations (size and
style) would render the app more accessible, specially be-
cause users tend to have particular preferences and needs. In
addition to those issues, some users reported more specific
problems that require more attention, such as the absence of
labels for non-textual elements, hardware or software incom-
patibility with screen readers, sudden layout changes and the
lack of audio feedback (e.g. “The audio confirmation - that
Assistant has heard ’ok Google’ and is listening - has been
removed… Stop removing features... there’s a reason blind
people need this. Idiots.” (Google)).

4.5 RQ5: Accessibility enhancements
The amount of accessibility update reviews that express

positive feedback within our dataset is significantly lower
than the amount of negative comments. Hence, to answer
RQ5, we opt to not break the result into categories accord-
ing to the interface resources or components of the app in-
terface, neither based on the WCAG guidelines. Following,
we present a list of improvements perceived by users after an
app update.
Introduction of color labels. Users appreciate the addi-

tion of color labels, which help those with color blindness
differentiate between items. Here is an excerpt extracted
from the user reviews of our dataset that underscore this
finding:

“The first and by far the best feature to me on this
update is the color labels. Being color blind is now

easier to deal with on Google calendar.” (Google
Calendar))

Color scheme improvement. Enhancements to color
schemes, such as differentiating brightness levels, are benefi-
cial for users with color vision deficiencies. This user review
excerpt from our dataset highlights this point:

“When an update finally made the green and red
traffic overlays different brightness levels I was
happy. I could finally see the difference between
green and red without asking another person’s as-
sistance.” (Google Maps)

Addition of dark or night mode or theme. Many users
emphasize the importance of these elements for reducing eye
strain. Here are examples from user reviews in our dataset
that emphasize this:

“Thank you for finally addingDarkMode in the set-
tings of Samsung Music on this update .. I won’t be
blind anymore with forced Light theme ..” (Sam-
sung Music)
“The new version on WhatsApp of dark mode is
good to reduce eye strain” (WhatsAppMessenger)

Improvement of font readability. Users with visual im-
pairments find improved font readability significantly benefi-
cial. An excerpt from our dataset’s user reviews underscores
this point:

“The latest update seems to have a darker easier to
read font. That is great for me because of my visual
impairment...thanks for the new font and features.”
(Dropbox: Cloud Storage Space)

Options to change background color. The ability to
change background color is crucial for users who experience
migraines from photophobia. This excerpt from a user re-
view in our dataset demonstrates this finding:

“I like this latest update better so far. I have the op-
tion for a darker background (black) which is good
especially for people like me who suffers migraine
from photophobia.” (Messages)

Compatibility with TalkBack. Ensuring app compatibil-
ity with TalkBack (screen reader) greatly enhances usability
for blind users. Multiple excerpts from our dataset’s user re-
views illustrate this finding:

“I am a blind person. In previous updates the app
never supported with my TalkBack option but from
last two updates.. The app is very well perform-
ing with my talk back.. today 1st time in my life I
ordered a food dish without taking any help of oth-
ers” (Zomato - Online Food Delivery & Restau-
rant Reviews)

“Just installed the knew version of Soundcloud and
I have to take back most of what I said before.
Other than three unlabeled radio buttons in the
login screen Talkback now sees everything that
wasn’t usable before. Nice work.” (SoundCloud:
Play Music & Songs)
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Improvement of font size settings. Fixing issues with
font size settings is crucial for users with partial sight. Here
is a user review excerpt from our dataset that emphasizes this:

“Just wanted to say thanks on behalf of the par-
tially sighted community for fixing the font sizing
bug introduced in the previous update. It was a
shame it happened. Please regression test properly
before releasing. Only 4 stars as there are other
problems still outstanding from the last snafu.”
(Gmail)

User’s ability to increase font size. Allowing users to
enlarge font size significantly benefits those who are legally
blind. Here is a user review from our dataset that underscores
this finding:

“I love the new font side update!!!! Thank u so
much for making such an accessible app!!!! As a
legally blind person it means a lot to b able to en-
large the font size as large as I like!” (YouVersion
Bible App + Audio)

Bigger and adjustable content. Enhancements that allow
users to adjust content size help reduce eye strain. An excerpt
from our dataset’s user reviews underscores this point:

“I think new update is very good. The content
screen is now bigger and good for students be-
cause it reduces eyestrain to some extent. Also the
settings now can be adjusted during meeting only
because of new update.” (Google Meet)

Compatibility with mobile accessibility settings. Fix-
ing issues related to mobile accessibility settings ensures that
users with eyesight problems can effectively use the app.
Here is an excerpt from the user reviews in our dataset that
underscores this finding:

“I’ve got a eyesight problem and since last update
whatsapp is ignoring my accessibility setting to in-
crease font size... Looks like issue ws fixed with
latest update. Thank you” (WhatsAppMessenger)

Discussion. The fact that the majority of accessibility
update reviews are negative feedback does not necessarily
mean that most apps are becoming less accessible because
people are more likely to give negative than positive feed-
back [Kraft and Martin, 2001]. This aspect is also empha-
sized by the users themselves (e.g. “I think new update is
very good. The content screen is now bigger and good for stu-
dents because it reduces eyestrain to some extent. Also the
settings now can be adjusted during meeting only because
of new update. Pls ignore other people baseless comments
because they are the only people who find mistakes in every
new update and don’t find it pros.” (Google Meet)). In ad-
dition, most reviews of the sample from which we identified
accessibility update reviews are negative comments on the
app accessibility.
Notice that several users also recognized the developers’

and organizations’ efforts to make apps more accessible. We

estimate that there might be many accessibility improve-
ments that are not reported by user, but the few positive feed-
back we found is an indication that mobile apps also tend
to become more accessible as they evolve. The enhance-
ments highlighted by users appear to address the concerns
outlined in Section 4, encompassing improvements such as
color scheme adjustments, increased font sizes, customizable
interface settings (such as font size, type, color scheme, and
brightness), and enhanced compatibility with assistive tech-
nologies like screen readers. These findings may also imply
that users are keenly aware of these aspects of the user in-
terface, suggesting that developers and organizations should
prioritize addressing these particular issues.

4.6 RQ6: Outcomes and impacts experienced
Users are in general frustrated because the app was acces-

sible in the previous version and they become less accessible
in the new release. In Section 4, we presented the specific
accessibility issues introduced by an app update (e.g. small
font size, white/bright background, unlabeled buttons). To
answer RQ6, we delve into the practical repercussions expe-
rienced by users as a result of these issues. For instance, a
common accessibility issue is the small font size, while the
consequence is that the user cannot read the content of the
button. In this section, we delineate the practical repercus-
sions stemming from the absence of accessibility, as per user
testimonials, grouping them based on their resemblance. The
likeness among consequences arises from an open coding
process conducted on the catalog of consequences identified
by researchers.
Global accessibility deterioration. One of the main

consequences of the many issues introduced by app updates
is the global deterioration of the mobile app accessibility.
Many users simply inform developers and organizations
that the app is less accessible following an update without
giving a more detailed explanation of what barriers or
consequences they are facing. Multiple excerpts from our
dataset’s user reviews illustrate this finding:

“I’m legally blind and this upgrade has truly dis-
credited ebay makes it really bad for a visually im-
paired fellow like me.” (eBay)

“As someone with a vision impairment this new
update is inaccessible and disappointing.” (Mes-
sages)

Difficult to read or see content. Many users reported
that they were no longer able to read or see content. Some
of them even specify which type of content (e.g. reading
books, social network posts) and environment (e.g. in the
dark) they have more difficult to adapt to. Here are some
excerpts extracted from the user reviews of our dataset that
underscore this finding:

“The new update made the bubbles so small I can
barley even see it! I couldn’t even tell someone
had texted me until I had looked closer and saw
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the EXTREMELY small dot! This is very difficult
for people with sight issues!” (Messenger)

“The new version auto adjusts your brightness now
every time you switch to the kindle app so users
with rooted xooms can’t read in the dark anymore.”
(Amazon Kindle)

Physical discomfort or pain. Many users said the app
cause them some discomfort or actual pain (e.g. eyestrain,
headache, nausea, dizziness, migraine). Here are examples
from user reviews in our dataset that emphasize this:

“I accidentally updated this app on my phone.
When I re-entered the app despite my brightness
being turned nearly all the way down it physically
hurt to look at. Seriously I got a headache within
15 minutes of using it. The new color scheme or
lack thereof is so bright that it’s almost impossible
to use at night due to how much eye strain it gives
you. And there’s not even a night mode so there’s
no escape. Smooth move IG team.” (Instagram)

“All of the white space between thumbnails now
literally makes me dizzy and nauseous when
scrolling through files. (...) Please enable some
way to adjust the size of thumbnails they are now
so hard to see for people who have some type of
visual impairment like me.” (Google Drive)

Difficulty to distinguish content. Some users mentioned
that they were no longer able to distinguish some content,
such as colors, elements and roads in a map, for instance.
These user review excerpts from our dataset highlight this
point:

“Color blind here and previous version had this
theme that helped alot with distinguishing roads.
(...) Now I don’t even bother to use this coz I know
m gonna get lost. Very confusing.” (Google Maps)

“New colors are terrible looking and harder to tell
apart especially with my partial colorblindness.
please bring back the original colors” (Google
Keep - Notes and Lists)

Difficulty to navigate the app. Many users pointed out
that the new update made the app less accessible thus more
difficult to navigate, which includes the inability to interact
with the app, find actionable elements or even perceive that
the interactive system is ready to respond to voice commands.
These excerpts from user reviews in our dataset support this
finding:

“This new update is crap. (...) Also the menu is
lame. It’s not easy to navigate. It’s no longer in
big print super small and at the top of the screen
so for someone who’s visually impaired such as my-
self it’s extremely difficult to see from far away.”
(Pandora - Music & Podcasts)

“I’m using a screen reader as I’m visually im-
paired. In the past I could find the options for YES
NOMAYBE very easily when deciding to like some-
one or not. Now the screen reader reads me all
this BUTTONS which I haven’t a clue what they
are. More or less where on someone’s profile does
one find the YES NO MAYBE options? I’m going
to deactivate and uninstall my baddoo because I
now noticed I a screen reader user can’t even find
where to right a message to someone. So this app
is not useful.” (Badoo - Dating & Meet People)

Difficulty to watch media content. Users find it difficult
to watch different type of contents after the update. Here are
excerpts from the user reviews in our dataset that underscore
this finding:

“The new update sucks! It is pretty much impos-
sible to watch at night in dark room as the app
automatically increase your screen brightness to
a level that is very uncomfortable to watch. You
can go blind pretty much! It hurts my eyes so bad.
Appreciate if you can remove the seperate adap-
tive brightness function. It is totally unnecessary!”
(Netflix)

“I love youtube but there is a weird new update
where I cant just click the fullscreen button to make
it fullscreen it has a ’rotate’ button that does noth-
ing and I have vision problems so I cant watch my
videos ):. I have tried turning 9n my phones ro-
tate screen option but this doesnt do anything on
youtube at all let alone while watching a video.”
(eBay: Buy- sell & save money)

Incompatibility with screen reader. Some users re-
ported software and hardware incompatibility with screen
reader after an update, which includes delays on the screen
reader response, crashes and inability to operate the interface.
These are excerpts from user reviews in our dataset that high-
light this point:

“Since two versions the app is very very laggy it’s
less responsive With screen readers like TalkBack
and voice assistant. The problem still persists this
version too” (Facebook)

“Now with the latest Google update there is a con-
flict with Talkback which makes texting impossi-
ble.” (Google)

Difficulty to perceive and operate the app using screen
readers. Some users reported that they were no longer able
to perceive some content using screen readers due to the lack
of accessibility of the new version of the app. Here are some
user review excerpts from our dataset that emphasize this:

“I am a visually challenged person usingUber with
TalkBack. I am not able to find confirm pick up
button after this recent update. Please make it ac-
cessible at the earliest. I am a daily user.” (Uber
- Request a ride)
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“We visually impaired use ola with screen reader.
This updated app sucks. Very difficult to book ap-
ply promo or rate the driver. Not accessible for
us. Loved the previous versions. 1 star for the up-
dates.” (Ola- Safe and affordable rides)

Difficult using virtual keyboard. Many users were not
longer ablet o use the virtual keyboard provided by the Oper-
ating System, which is an app itself. Here are some excerpts
extracted from the user reviews of our dataset that underscore
this finding:

“once it was my favorite keyboard but now the new
update is made my typing more difficult choosing
emoji is also very very tough... please keep the vi-
sually challenged people in mind and design fur-
ther update...” (Gboard - the Google Keyboard)

“The keyboard is too confusing. It’s not good for
the visually impaired. And it changed on it’s own
on my phone. I need a keyboard that is easy to use
and not microscopic. I want my old keyboard back.
It was larger and easier to use. The explanation to
change to another keyboard is in technical speak
and I’m afraid to change. This keyboard covers
what you are typing and that’s a really big problem
for me.” (Gboard - the Google Keyboard)

Feeling discriminated against. Some users, in addition
to detailing the accessibility issues they encountered and the
practical implications of the app’s lack of accessibility, ex-
pressed feeling discriminated against by developers and or-
ganizations when they introduce updates that make the app
less accessible in a new version. These excerpts from user
reviews in our dataset exemplify this finding:

“I’d rate lower than zero I hate updates and con-
stant changes. Hard enough being deaf and almost
blind now chrome took away cascading tabs now
harder to see I call this discrimination against dis-
abled.” (Google Chrome: Fast & Secure)

“The new layout stinks! I mean seriously.1. Now
the navigation buttons are at the bottom of the
screen causing us to see LESS content.2. The but-
tons are smaller. Do you hate people with vision
problems? The elderly? (...) If your goal is to
make your application LESS accessible to all and
LESS user friendly then you’ve succeeded. Con-
gratulations. slow sarcastic clap ” (YouTube)

Lose of autonomy. In addition to feeling discriminated
against, users report that they lose their autonomy when the
app is not accessible once they need to ask for help to com-
plete a task. Here is an excerpt from the user reviews in our
dataset that underscores this finding:

“Currently the app is completely unusable for peo-
ple like me and I have to depend on someone else to
order which is a risk in the covid times.” (Swiggy
: Food Delivery | Instamart Grocery | Genie)

Discussion. Even though the issues reported by users (cf.
Section 4) falls in similar categories (e.g. poor color schemes,
small font sizes, lack of customization settings, unlabeled
buttons), the practical consequences may vary depending on
the application and user context. Indeed, it is crucial for users
to report the practical consequences resulting from the lack
of accessibility, as they serve as compelling evidence of the
detrimental effects caused by inadequate accessibility imple-
mentation. This underscores the importance of making de-
velopers and organizations aware of their responsibility in
promoting digital inclusion. Furthermore, some users appear
to recognize the significance of user reviews and challenge
developers and organizations by accusing them of discrimi-
nation. They also emphasize feeling a loss of autonomy in
certain situations, which is frustrating for most users espe-
cially because the last version seem to be more accessible
for them.

4.7 RQ7: Users demands
RQ7 delves into the nature of requests articulated by users

within their reviews. User reviews can be used to identify
bugs to fix and enhancements to implement in future ver-
sions of mobile app. When presented in details, the accessi-
bility issues and their impact on users experience described
in accessibility update reviews may be enough to generate
requirements or demands for next releases. However, some
users explicitly call organizations and developers to action.
Some of those demands are presented as follows.
Stop removing accessibility features. Users continually

asks developers and organizations to stop removing features
that make the app more accessible, such as the dark mode
or audio alert, for instance. This is an excerpt from a user
review in our dataset that highlights this point:

“The audio confirmation - that Assistant has heard
’ok Google’ and is listening - has been removed…
A 2ND TIME. No I’m not going through the rig-
marole of filling in a bug report. Last time we all
received a shed load of ’oh it must be your phone’s
fault contact the manufacturer’ rubbish only to
have the audible alert reinstated after amonth…by
Google. STOP REMOVING FEATURES... there’s
a reason blind people need this. Idiots.” (Google)

Fix the accessibility issues. One of the most common
explicit demand users make is to fix the accessibility issues
introduced by a new update. Here are excerpts from the user
reviews in our dataset that underscore this finding:

“OMG this new update sucks! I HATE the all white
background! Now it’s an eye strain viewing my
emails! I like the old setup. Please fix this NOW!”
(Gmail)

“Latest update almost impossible to use by visu-
ally impaired person. Font size at max setting is
ridiculously small for someone with low vision -
renders app completely unusable. Please fix font
size.” (Twitter)
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Reward promising. Some users promise to improve their
rating (e.g. give it 5 stars) if their request is attended. Here
is an excerpt from the user reviews in our dataset that under-
scores this finding:

“Htc Evoshift 4g. Before the last update everything
was well if not completely accessible for the blind
the majority was. Now its not. FIX IT PLEASE
and I’ll give it 5 stars again. None of the buttons
are labeled...” (Pandora - Music & Podcasts)

New features. Users commonly ask developers and orga-
nizations to include features that will make the app more ac-
cessible. These are excerpts from user reviews in our dataset
that highlight this point:

“Hello I am a Capital One customer who is totally
blind. But I have friends who are visually impaired
who are also a customer. I would like to know on
your next update can you put a dark screen mode
button because it is a lot of strain on their eyes with
a white screen background” (Capital One Mobile)

“Last update blind me with stupid white status bar.
Everything is white. Let us choose background
colours. It is just one option in the menu and few
lines in its code. Come on.” (Google Chrome:
Fast & Secure)

Revert back some feature. Many users ask developers
and organizations to give them back some specific feature in
future releases. Here are some user review excerpts from our
dataset that emphasize this:

“Dark mode is gone. My eyes can’t take the white
background. Please put dark mode back for us
with sensitive eyes!” (Facebook)

“This was a great app until they removed the font
and background colors! Now its not customizable
at all! BRING BACK COLORS!!!” (Wattpad -
Read & Write Stories)

Revert back an entire update. Many users ask develop-
ers and organizations to revert back an entire update, possibly
making an over statement. These excerpts from user reviews
in our dataset exemplify this finding:

“Not friendly to old eyes just changed it and I
don’t like bar graphs and. B S update it still sucks
go back to old format” (AccuWeather: Weather
Radar)

“PLEASE GET RID OF THE NEW UPDATE. EV-
ERYONE HATES IT! Screen now looks cluttered
and is more difficult to use. Less accessible es-
pecially for people with eyesight problems. Put it
back” (Snapchat)

Asking for help. Many users explicitly ask for help in
their user reviews, so they can effectively perceive and oper-
ate the application. Multiple excerpts from our dataset’s user
reviews illustrate this finding:

“Took away dark mode....I have cataracts...I can
no longer see the page...HELP!” (Facebook)

“Updated this app and now the text is very small
Im sight impaired! Any suggestions on how I can
enlarge the text? Prevuous app was fine.” (eBay:
Buy- sell & save money)

A warning to the community. Some users use their re-
views to warn other users of the accessibility problems intro-
duced by a particular update. Here are examples from user
reviews in our dataset that emphasize this:

“Every time Google updates anything it sucks
worse. Do not update to the April 24 2020 ver-
sion!!!!!!! Now it’s almost unusable.” (Gboard -
the Google Keyboard)

“DO NOT UPDATE!!! UNINSTALL TO GO
BACK TO THE FACTORY VERSION. THE
BLINDING APPEARANCE IS HORRIBLE!!! If
you do and do not like it you must uninstall to take
you back to the factory version. I HATE the new
look!!! I have a vision impairment and need more
colors.” (Gmail)

Accessibility awareness increase. Some users explicitly
ask developers and organizations to be aware that people
with disabilities are also users of their mobile apps, hence
they should be aware of the accessibility requirements that
should be implemented. These user review excerpts from
our dataset highlight this point:

“Ouch. App now has pure white backgrounds
throughout and is very hard on the eyes. (...)
They’ve confused ’simplicity’ with ’functionality’
and in the process they remove tons of useful UI
cues and features. Very frustrating for power users
as well as users with visual impairment. Google
PLEASE consider users with disabilities by provid-
ing low contrast and dark themes at the very least.”
(Gmail)

“(...) the new color scheme is just idiotic. Don’t
you think there are people with vision problems out
there? Using 3 shades of green seriously? The new
sleep score is also completely useless the sleep ef-
ficiency made sense. Bring back weight manage-
ment!!!!!” (Samsung Health)

Questioning. In addition to making it clear that accessi-
bility bugs needs to be fixed and accessibility features must
be implemented, many users ostensibly interrogate devel-
opers and organizations upon their actions regarding their
decisions on the last update. Some of the questions are
rhetorical questions considering design decisions, but some
of them refers to their accessibility awareness and discrimina-
tion against people with disabilities. Here are some excerpts
extracted from the user reviews of our dataset that underscore
this finding:
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“Why remove the custom transparency setting?
Why remove the 3-day forecast? Whymake the font
size so small? Do you hold a grudge against visu-
ally impaired people?” (AccuWeather: Weather
Radar)

“This used to be a good app. After the last up-
date they made the text so small that it’s almost
impossible to read for people with vision problems.
There’s also no way to make the text bigger. Dumb-
est update ever. How about making the app us-
able for people? With the population aging why do
something this stupid?” (Amazon Prime Video)

Advice offering. Some users go beyond the description
of the accessibility barriers they found to offer advise on
how they should act given the lack of accessibility scenario,
which ranges from checking accessibility standards from im-
plementing regression tests. These excerpts from user re-
views in our dataset support this finding:

“Just wanted to say thanks on behalf of the par-
tially sighted community for fixing the font sizing
bug introduced in the previous update. It was a
shame it happened. Please regression test properly
before releasing. Only 4 stars as there are other
problems still outstanding from the last snafu.”
(Gmail)

“This is a great app other than the fact that the
buttons need to be labeled for a visually impaired
gamer you can still see to play ps3 / ps4 how-
ever can’t use a phone well enough. Please re-
move these buttons with the next update. You can
check Google’s accessibility development guide-
lines.” (PlayStation App)

Discussion. The fact that some users explicitly demand
concrete actions (e.g. fix bug, revert update, add new feature)
from developers and organizations may be an indication that
they are aware of the relevance of user reviews on some prod-
uct’s release planning. In addition, users show some knowl-
edge on the development process as they specifically asks for
organizations to check accessibility guidelines and run acces-
sibility tests. Furthermore, they confronting organizations
concerning their accessibility awareness and discrimination
against people with disabilities.
Considering software evolution and the influence of user

reviews, it is crucial for users to urge developers and orga-
nizations to take responsible action regarding the electronic
services and products they create, particularly since these are
utilized by a diverse user base, including individuals with
disabilities. When users assert their entitlement to accessi-
ble products and demonstrate awareness of accessibility stan-
dards and development procedures, they actively advocate
for improved accessibility in products and services. This
stands in contrast to users who choose not to voice their per-
spectives through user reviews, emails, or social media plat-
forms such as Facebook.

5 Threats to Validity

This section presents the threats to the validity of our study,
namely sampling bias and researcher bias.
Sampling bias. Our study inherits the sampling bias of the

studies that produced the dataset of accessibility reviews we
used [Oliveira et al., 2023; Dos Santos et al., 2023]. In short,
the dataset is the result of string-matching filtering followed
by manual inspection, but specific measures were taken to
mitigate bias by carefully selecting keywords based on offi-
cial glossaries and having each review inspected by at least
two researchers. All disagreements were resolved by a joint
decision of three or four researchers.
Researcher bias. The coding process is based on manual

analyzes conducted by researchers, who can inadvertently
impose their own perspectives on the analysis process. To
mitigate this threat, we conducted a closed coding process
with pre-defined categories and we utilized multiple coders
to independently analyze the data. Each reviewer received
the complete dataset in a Google Spreadsheet along with de-
tailed instructions and coding samples. In addition, the cod-
ing and analysis process is the result of the agreement of at
least two out of three researchers.

6 Concluding Remarks and Future
Work

This study explored accessibility update reviews to glean in-
sights into how users perceive the influence of app evolution
on mobile accessibility. Numerous users highlight the con-
ditions that diminish the app’s accessibility when comparing
the current version to the previous one, and the practical im-
plications of that, providing evidence that accessibility can
regress. Occasionally, users go a step further and challenge
developers and organizations, questioning their design deci-
sions and their apparent disregard for users with disabilities.
Their frustration expressed in their confrontation is under-
standable especially because finding an accessible app in an
environment where accessibility is scarce, as documented in
several studies [Eler et al., 2018; Bi et al., 2021; Yan and Ra-
machandran, 2019; Alshayban et al., 2020], can be a rare and
valuable discovery. Therefore, when these users discover
that the app is no longer accessible after an update, it can
be deeply disappointing and exacerbate feelings of exclusion
and frustration. In expressing their feelings and demands,
many users also demonstrate a keen awareness of accessi-
bility standards and practices in software development, such
as regression testing, which may strengthen their claims and
their impact on software evolution.
Despite the predominance of negative feedback over pos-

itive opinions, it is crucial to clarify that this study does not
assert a tendency for mobile accessibility to decline as apps
evolve. As mentioned earlier, users are more inclined to
provide negative feedback than positive remarks. Indeed,
there is a lack of conclusive studies on this subject. Previ-
ous related works have conducted small-scale studies involv-
ing only 60 or 70 apps, yielding disparate results [Alshayban
et al., 2020; Chen et al., 2022].
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Rather, our objective with this investigation is to sound
a warning and provide evidence that, once a certain level
of accessibility is achieved at a particular stage of develop-
ment, we cannot assume that apps will maintain their ac-
cessibility as they evolve. If accessibility is not prioritized
from the outset, it is unlikely to be prioritized during the soft-
ware evolution process. Furthermore, even apps initially de-
signed with accessibility in mind should implement ongoing
measures and adhere to accessibility requirements through-
out their evolution to prevent the introduction of accessibility
barriers.
While our overall understanding of the impact of app evo-

lution on mobile accessibility remains consistent with our
prior study, this recent research has provided deeper insights
through manual analysis of accessibility reviews. Although
ChatGPT-4 can effectively extract specific information from
accessibility update reviews due to their concise nature, the
manual coding process allowed us to empathize with users’
perspectives and grasp the nuances of their specific issues,
practical implications and requests. Even though the focus of
this paper is in the evolution process, the results of our analy-
sis (e.g. accessibility issues, enhancements, implications and
results) can contribute to the body of knowledge of studies
that investigate accessibility reviews.
In future work, we intend to further analyze the accessibil-

ity update reviews of our dataset to label each review accord-
ing to the WCAG 2.2 success criteria, which are more spe-
cific testable statements that specify requirements for achiev-
ing accessibility. That would allow a more precise map-
ping between specific issues and implications with accessi-
bility standards objectives. Moreover, we intend to label
our dataset based on the BBC’s Mobile Accessibility Guide-
lines7, an accessibility standardmore focused onmobile apps
and devices. Additionally, we aim to juxtapose the findings
from our manual analysis with those generated by employing
a Large Language Model (LLM) like ChatGPT-4, assessing
its suitability for exploring the intricacies within the context
of user review analysis.
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