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Abstract

The Google Play Store provides various user reviews that can provide information about user experience, usability,
and accessibility. Despite multiple studies addressing these reviews’ importance and contributions to improving
interactive systems, accessibility for users with Autism Spectrum Disorder (ASD) is still little discussed in this con-
text. Considering the potential of user reviews, this article presents a textual analysis of reviews extracted from eight
educational applications available in Portuguese with a focus on autistic children, namely: “ABC Autismo”, “Apren-
dendo com Biel e seus amigos”, “AutApp Autismo”, “Autismo projeto integrar”, “Jade Autismo”, “Matraquinha”,
“OTO (Olhar Tocar Ouvir)” and “Teacch.me”. We conducted an analysis based on the Guidelines for Accessible
Interfaces for People with Autism (GAIA) and the BBC Mobile Accessibility Guidelines to classify user reviews.
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1 Introduction

The market for mobile educational applications is constantly
growing, especially in app stores such as the Play Store and
the Apple Store (Koyani et al., 2004). Accessibility is essen-
tial in applications, ensuring everyone can use them without
limitations. For this, guidelines and techniques that promote
accessibility must be included in software development. It
means that people with disabilities, including hearing, cogni-
tive, neurological, physical, and visual impairments, should
be able to use the system effortlessly, as the software and
hardware will be adapted to their needs.

According to Acosta-Vargas et al. (2021), mobile applica-
tion developers do not usually prioritize accessibility in their
products, and the most commonly explored type of disabil-
ity is the sensory disability, which includes visual and hear-
ing disabilities, while cognitive and motor disabilities are lit-
tle explored in accessibility evaluations. Britto and Pizzolato
(2016) identified a gap in software development profession-
als’ knowledge about accessibility for people with Cognitive,
Neuronal, or Learning Disabilities (CNLD). This means that
these types of users can use software with low accessibility.
Autistic Spectrum Disorder (ASD) is within the CNLD clas-
sification. It is crucial to analyze the accessibility for Autistic
Spectrum Disorder (ASD) because, when identifying gaps
in the knowledge of professionals who develop the software,
users with autism may face difficulties interacting with sys-
tems.

More and more educational applications aimed at the autis-
tic public have been developed to support the development
of skills (such as literacy and communication) and help in
performing daily life activities (Branco et al., 2020). Some
research has been conducted to investigate whether the qual-
ity of use criteria are met by these apps (Magaton and Bim,
2017; Abdul Aziz et al., 2015; Branco et al., 2020).

Marques and da Silva Monte (2021) concluded through
a systematic mapping on the evaluation of technologies for
autistic users that observation, questionnaires, and interviews
are the most adopted methods in evaluating these technolo-

gies. Such techniques usually require selecting and recruiting
users to share their usage experiences.

Branco et al. (2020) claim that if the technology is not
adequately designed, it can generate interaction barriers pre-
venting the user from using it autonomously or, in extreme
cases, cause discomfort and unnecessary stress to the indi-
vidual. Therefore, it is necessary to understand whether the
software complies with accessibility guidelines for autism.

User feedback can provide valuable information about
how an application works and help to improve it. User re-
views are the considerations they make about an application,
in which users can explain why they like or dislike an item
based on their usage experiences (Koyani et al., 2004). Be-
cause they reflect the user’s experience, we can use reviews
to identify how to improve the software. It is natural for soft-
ware to evolve, and developers understand the importance of
using user feedback to drive improvements. Therefore, app
stores promote a favorable environment for users to discuss
their experience with the application, thus helping the de-
velopment team understand which problems must be solved.
The improvement of accessibility in an application is a valu-
able measure for all stakeholders, including developers and
end users, who will enjoy a more efficient and inclusive ex-
perience.

The present study aims to investigate whether user reviews
can indicate accessibility problems in educational applica-
tions for autistic children. The research problem lies in identi-
fying any accessibility-related issues in user textual reviews.
User reviews were extracted and manually analyzed from the
Play Store to conduct the research. We classified the user re-
views according to the categories defined by the accessibility
guidelines from (1) the Web Interface Accessibility Guide fo-
cused on Autism aspects (GAIA) and (2) the mobile acces-
sibility guidelines from the BBC (British Broadcasting Cor-
poration, but abbreviated here simply as BBC). We used a
keyword bank to assist in the review classification process.

This research is innovative by adopting an evaluation
method few explored in evaluating technologies for autistic
users (Marques and da Silva Monte, 2021). In addition, this
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research combines the textual analysis method with two ac-
cessibility guidelines, one specific to autism.

This manuscript is an extended version of Santiago and
Marques (2022) published in IHC 2022 (XXI Brazilian Sym-
posium on Human Factors in Computing Systems). This pa-
per is structured as follows: section 2 presents the theoretical
foundation of this research. Section 3 summarizes the main
related works. Section 4 describes the methodology adopted
in this research. Sections 5 and 6 respectively present the
quantitative and qualitative results obtained. A discussion of
the results is presented in Section 7. Section 8 discusses con-
clusions and future work.

2 Background

This section presents concepts and theoretical bases adopted
in this research: Autism Spectrum Disorder, user reviews,
and GAIA and the BBC Mobile Accessibility Guidelines.

2.1 Autistic Spectrum Disorder (ASD)

According to the Diagnostic and Statistical Manual of Mental
Disorders (DSM-5), Autism Spectrum Disorder (ASD) is a
neurodevelopmental disorder that affects communication, so-
cialization, interest, and imagination skills (Association et al.,
2014). It is recommended that parents and guardians seek
professional guidance for diagnosis and stimulation to mit-
igate the disorder’s negative impacts if confirmed.

Because it affects different abilities, ASD manifests itself
in various degrees of severity: (i) Light Grade or Level 1 -
needs few supports to live and perform basic tasks; (ii) Mod-
erate degree or Level 2 - needs only some support to perform
basic tasks and have problems with organization and plan-
ning; (iii) Severe Grade or Level 3 - have a severe deficit in
verbal and non-verbal communication skills, have a narrow
behavior profile, difficulty dealing with changes and diffi-
culty in social interactions, and have reduced cognition.

Designing technologies appropriate for people with autism
is necessary because an interaction and user experience de-
signed inappropriately for people with autism can increase
the effort of use and cause unnecessary stress, irritation, and
anxiety (Britto and Pizzolato, 2016). Thinking about the dif-
ficulties faced by autistic people, there are currently several
software programs aimed at this audience, especially for chil-
dren, ranging from educational applications to aid in com-
munication to therapeutic applications. Therefore, develop-
ers who see this new market niche as an opportunity must
recognize the needs of their target audience and follow de-
sign guidelines that address the characteristics of autism to
ensure the proper construction of these applications.

2.2 User reviews

Eler et al. (2019) studied how accessibility is treated in user
reviews of Android system applications and classified the
evaluations on application accessibility into two categories,
they were: request, for when a user mentions a problem or
requests a feature, and praise, for when agreeing that the ap-
plication is accessible.
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According to Vu et al. (2015), some factors can get in the
way when analyzing the reviews. User reviews may have ty-
pos, acronyms, abbreviations, emojis, etc. In addition, 60%
of the reviews do not contain helpful opinions. In the user
reviews, there may be fraudulent reviews and spam, which
can damage the image of an application within the store, as
consumers rely on user reviews to decide whether or not to
purchase the application.

Da Silva et al. (2019) argue that textual analysis of user re-
views can account for many spontaneously provided user re-
ports. The user reports are expressed without anyone’s influ-
ence, which is essential to obtain user information. Accord-
ing to the same authors, user reviews can indicate: a) what is
good or bad in the system, b) what needs to be modified, and
¢) obtain evolutionary requirements for the system.

Considering these points, the textual analysis of user re-
views is a promising option for evaluating educational appli-
cations for autistic children. It is because this public may be
inaccessible to researchers and professionals (Marques et al.,
2021), and unfamiliar people in test environments can in-
fluence their behaviors and reactions throughout user tests
(Melo et al., 2017). Therefore, obtaining spontaneous reports
about the user experience is a potential source of relevant in-
formation.

2.3 Web Interface Accessibility Guide Fo-
cused on Aspects of Autism (GAIA)

The Web Interface Accessibility Guide focused on aspects of
Autism (GAIA) was proposed by Britto and Pizzolato (2016)
as a tool to aid in developing applications suitable for autis-
tic people. GAIA provides design recommendations for in-
terfaces and interaction projects that consider the needs of
individuals within the autistic spectrum.

With the use of GAIA, it is possible to further reduce ac-
cessibility problems for autistic users by adapting applica-
tion interfaces to their specific needs, which promotes better
interaction between them and the available technology. The
guide was developed by collating contributions in the litera-
ture of accessibility recommendations in designing interfaces
for autism or other CNLD. It is freely available to the commu-
nity of developers and software designers to democratize the
knowledge gathered about accessibility for autistic people in
WEB systems.

GAIA is divided into ten categories of recommendations.
Each recommendation has a title, a description, characteris-
tics of autism related to it, its importance, how to do it, and
some examples of how to implement it. We briefly describe
each category according to GAIA below:

* Visual and textual vocabulary: an approach on the ap-
propriate use of texts and images, considering the spe-
cific needs of people with Autism Spectrum Disorder
(ASD).

+ Customization: Guidance for including application in-
terface tuning options, allowing users to customize ac-
cording to their preferences.

* Engagement: presentation of guidelines on maintaining
focus and attention, as well as strategies to assist users
in interacting with the system.
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+ redundant representation: refers to recommendations re-
inforcing that information should not be linked exclu-
sively to a presentation format (text, image, or audio).

* Multimedia: details the appropriate use of multimedia
resources in web interfaces to working memory, atten-
tion, visual and textual comprehension, and sensory in-
tegration of people with ASD, especially children.

* Responses to actions: explanation of why incomplete
feedback or its absence is critical for people with ASD,
particularly children, due to the commonly presented
difficulties in retaining attention, dealing with changes,
and understanding verbal instructions.

+ Affordance: clarification of issues related to the design
of interface elements. These must identify their opera-
tion without an investigation or cognitive effort.

* Navigability: recommendations include simplifying
navigation between pages or screens so that the user can
always know where he is in the application. In addition,
it is crucial to allow the user to have complete control
over navigation.

+ System state visibility: The application must report
the progress of tasks performed by the user, including
clearly providing error information, help instructions,
and information related to changes in the state of ele-
ments.

* Interactions with touch screens: it recommends adjust-
ing the sensitivity of the interface to avoid accidental
touches on elements.

More information about GAIA (available in Portuguese)
can be found on the website: https://gaia.wiki.br/.

2.4 BBC Mobile Accessibility Guidelines

BBC (British Broadcasting Corporation) Guidelines are
technology-agnostic best practices for mobile web content,
Android and iOS. The English radio and television broad-
caster BBC developed these guidelines.

The guidelines are divided into 11 categories and cate-
gorized as “Must” or “Must Not” for best practices that
can be easily tested. Practices considered less testable but
which can be regarded as fundamental for accessibility
are categorized as Should or Should Not. Topics are Au-
dio and Video, Design, Editorial, Focus, Forms, Images,
Links, Notifications, Scripts and Dynamic Content, Struc-
ture, and Text Equivalences. Below is a brief description
of each of the guidelines. However, the full report can
be found in: https://www.bbc.co.uk/accessibility/
forproducts/guides/mobile/summary.

* Audio and video: The guidelines cover visual and au-
ditory content, autoplay, metadata, volume control, and
audio conflict resolution.

* Design: Guidelines include colors, color meanings,

styles and readability, size of touch targets, spacing,

content resizing, interactive elements, focus, consis-
tency in experience, choice in interaction, media ad-
justability, and avoiding flickering or blinking content.
Editorial: The guidelines include the need for consis-
tent labeling, indicating language changes, and provid-
ing supplemental instructions.
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* Focus: The guidelines require that all focusable ele-
ments be interactive, that there are no keyboard traps,
that navigation follows a meaningful sequence, that in-
teractions are appropriate for the type of user, and that
alternative input methods are available.

* Forms: The guidelines state that you must strip all form
controls, properly group form elements, and maintain
constant focus during user input.

» Images: The guidelines require that background images
that convey meaning have an additional accessible alter-
native.

+ Links: link and navigation content must uniquely de-
scribe the destination or function of the link, and re-
peated links to the same resource must be combined into
a single link.

* Notifications: the guidelines recommend that notifica-
tions are visible and audible and that error and correc-
tion messages should provide clear information. In addi-
tion, feedback and assistance should be provided where
appropriate.

+ Scripts and dynamic content: Applications must be de-
veloped progressively, and the media must have an al-
ternative to pause, stop or hide. Pages may not automat-
ically refresh without prior notice, among other guide-
lines.

» Structure: All pages or screens must be clearly and
uniquely identified. Headings should follow a logical
and hierarchical structure, allowing users to understand
the organization of the content.

» Text equivalents: Providing alternatives for non-text
content, such as images, is necessary. Decorative im-
ages must be marked as decorative to be ignored by as-
sistive technologies. Elements must have accessibility
properties appropriately set to ensure they are accessi-
ble to users with disabilities.

3 Related works

This section briefly presents some works that explored the
textual analysis of user reviews.

Freitas et al. (2016) investigated user reviews of the Spo-
tify streaming app. The authors explored Usability and User
Experience (UUX) through user reviews using the MALTU
method (Model to Evaluating Interaction in Social Systems
Based on the User’s Textual Language). As a result, the au-
thors found that 76.1% of user rewrites were critical, while
16.8%at were related to doubts, praise represented 5.4%, and
1.8% were suggestions. Many reviews of the required type
were because user reviews were extracted from the Reclame
Aqui website. This platform allows consumers to register
their complaints about the experience of buying products or
services.

Genc-Nayebi and Abran (2017) conducted a systematic
literature review on user reviews in app stores o find solu-
tions for mining user opinions. User behavior trends were an-
alyzed, including how users give credibility to app feedback
and ratings and how there are experts who conduct fraudulent
reviews and spam to either harm or boost the reputation of
specific software. The authors concluded that it is necessary
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Table 1. Summary of related works

Related work

Evaluated quality criterion

Type of evaluation Target audience

Freitas et al. (2016)

Genc-Nayebi and Abran (2017)  User experience

Eler et al. (2019) Accessibility
Algahtani and Orji (2019) Usability
Wang et al. (2021) Relevance
Diniz et al. (2022) Usability
Aljedaani et al. (2022) Accessibility
This research Accessibility

Usability and User experience

Manual Spotify Users

Manual General public

Manual General public

Both People with mental health issues
Manual Spotify users

Manual General public

Automatic General public

Manual Autistic users

Table 2. Evaluated Educational Apps

Name Number of app reviews General App Note Release date
ABC Autismo 1380 4,0 October 25,2013
Aprendendo com Biel e seus amigos 70 4,0 April 26,2018
AutApp Autismo 39 43 October 15,2017
Autismo projeto integrar 31 4,5 May 4, 2016
Jade Autismo 216 3,4 May 24, 2018
Matraquinha 484 4,2 July 25,2018
OTO (olhar tocar ouvir) 94 4,7 June 11, 2015
Teacch.me 5 5,0 June 13, 2016

to develop an exclusively specific model for app store anal-
ysis, given the nature of review texts, and that user reviews
can be a source for extracting information on user experience
and usability and used for removing new requirements.

Eler et al. (2019) conducted a study on accessibility on
user reviews on the Play Store. The authors sought to under-
stand whether analyzing user reviews could reveal accessibil-
ity problems in the application. Seven hundred-one general
public applications were selected to carry out the study. The
authors used keywords that referred to accessibility issues,
which might be able to return reviews about accessibility is-
sues. They used a keyword bank obtained from the BBC Mo-
bile Accessibility Guidelines. The authors found that it was
possible to find reports about accessibility in 1.24% of the
user reviews. The authors concluded that the results found
about the applications should be taken more into account by
the development team.

Algahtani and Orji (2019) conducted an assessment of user
reviews from mobile app stores, Play Store and App Store.
The research aimed to identify usability problems in mental
health applications. To select the apps, searches were per-
formed on the Play Store using words referring to mental
health problems (such as “anxiety” and “depression”) and
found 106 apps related to the topic. The authors found 1236
user reviews on usability. The analyses were classified into
six categories: bugs, poor interface design, data loss, battery,
and memory usage problems, lack of guidance, explanation,
and problem with the Internet connection. The vast major-
ity of users did reviews to report bugs found in the applica-
tion (820 reviews), and to report poor inter-research aimed at
other types of studies were less frequently found in studies
made by users; none totaled above one hundred cases. The
research found several problems in the applications and high-
lighted that the mental health area is a sensitive subject, and
usability found 1236 user reviews on usability. The analyses
were classified into six categories.

Wang et al. (2021) explored the relevance of user reviews
in app updates based on release notes. They collected user re-

views and release notes of Spotify in the Apple App Store and
manually determined the relevance of the app reviews con-
cerning the release notes. Word2Vec calculation techniques
were applied to determine the correlation between user re-
views and release notes. Their results showed that more than
60% of user reviews corresponding to release notes are irrel-
evant.

Diniz et al. (2022) aimed to investigate the presence of
heuristic usability issues through user reviews. They col-
lected and analyzed 200 reviews, from 10 Android and iOS
apps. Three researchers analyzed the reviews individually
and then discussed obtaining a common classification result.
The results pointed out that 25% of the user reviews indicate
heuristic issues. Most problems were related to user error re-
covery and match between the system and the real world.

Aljedaani et al. (2022) used an automated approach based
on supervised learning techniques for classifying accessi-
bility app reviews into four categories of BBC guidelines:
Principles, Audio/Video, Design, and Focus. They applied
the supervised learning techniques: Extra Tree Classifier
(ETC), Random Forest, Support Vector Classification, Deci-
sion Tree, KNearest Neighbors (KNN), and Logistic Regres-
sion. 2,663 Android app reviews were classified, and the re-
sults have shown that the ETC classifier produces the best
results in the automated classification of accessibility app re-
views with 93% accuracy.

Table 1 summarizes some characteristics of the related
workers aiming to understand this research’s differential. Re-
garding the evaluated quality criterion, this study is similar
to the analysis of Eler et al. (2019) and Aljedaani et al. (2022)
by focusing on accessibility aspects. However, the target au-
dience of this research is autistic users; while the study of
the above has no delimited public, they are users of general
public applications. Therefore, the difference in this research
lies in adopting the textual analysis method to evaluate tech-
nologies for a specific target audience.
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4 Methodology

The study methodology had the following steps: selection
of applications, extraction of user reviews, use of keywords,
classification of user reviews, and analysis of results. We
adopted two guidelines to study user reviews: GAIA and
BBC. We selected the GAIA guidelines because it was used
to design and evaluate technologies for autistic users and con-
sider aspects specific to ASD as content, customization, and
engagement (Britto and Pizzolato, 2016). However, GAIA
is not specific to mobile applications. Thus, we adopted the
BBC guidelines, which focus on general accessibility recom-
mendations for mobile applications related to images, struc-
ture, and notifications (Eler et al., 2019).

4.1 Selection of educational apps for autistic
children

Educational apps aimed at autistic people were selected
based on research from Branco et al. (2020), in which the
researchers surveyed mothers of autistic children and their
respective children. While conducting this research, all apps
were accessible on the Play Store and in Portuguese. The ed-
ucational apps evaluated in the mentioned work were: learn-
ing with Biel and his friends, ABC Autismo, Jade Autismo,
OTO (look, touch, listen), Matraquinha, AutApp Autismo,
Autismo projeto integrar, and Teacch.me. Table 2 provides
some information about the applications. The information
presented refers to the period in which the extraction of user
reviews began. It is essential to point out that some informa-
tion, such as the number of evaluations and grades, may con-
stantly change, making the information presented outdated.

The authors’ research aimed to evaluate the user experi-
ence and accessibility of selected applications for the educa-
tion of autistic children. Such applications used different ed-
ucational methods for this audience of children; the authors
used the GAIA and the BBC guide to assess the accessibility
of the selected applications. To add evidence about the ac-
cessibility of the educational applications evaluated in their
work, it was decided to analyze user reviews of the same ap-
plications considered in the research. Due to the Branco et al.
(2020) research being conducted in Brazil with Brazilian chil-
dren, both the applications and user reviews considered in
our research are in Portuguese.

4.2 Extracting user reviews

User reviews of the selected apps were manually extracted
from the Play Store, and this was possible as the number of
studies found across all apps needed to be more significant.
The first extraction took place on June 4, 2020. This first ex-
traction was applied to the Jade Autismo app. The extractions
of the other reviews were completed on June 25, 2020. All
extracted reviews were stored in a spreadsheet for later anal-
ysis. In all, 777 user reviews related to the eight apps were
removed. No specific criteria were established for collecting
reviews; all reviews available in each application were col-
lected. Information about the authors of the reviews should
not have been collected to preserve their identities.
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4.3 Use of Keywords

At this stage, we used GAIA to select keywords that could
refer to accessibility problems in educational applications.
We defined keywords following the GAIA guidelines, stip-
ulating terms related to each category of accessibility guide-
lines. As a result of this step, we generated a GAIA keyword
database. Table 3 presents the keywords defined for each
GAIA category.

The definition of the keywords happened as follows, the
descriptions of the accessibility recommendations were an-
alyzed, and from this analysis, some words were extracted,
words that could summarize the guideline. Below is an ex-
ample of how it happened: the keyword “Feedback” was re-
moved from recommendation 6.1: “Provide feedback con-
firming correct actions or warning about possible errors and
use audio, text, and images to represent the message, avoid-
ing icons that involve emotions or facial expressions”. Mor-
phological variations were not considered, as keywords were
not a determinant for ranking user reviews. The keyword
search process for the BBC guide was simplified, as the re-
searchers used a set of keywords existing in the literature
used in Eler et al. (2019).

We noticed that for this research, manual classification
would be more effective. Although the current base is not
comprehensive enough, the base is a research contribution
and can be evolved in the future.

4.4 User reviews classification

The collected reviews went through the initial stage of key-
word search, where manually, each keyword was searched
for all the extracted sets of reviews, and this step was carried
out in Excel. Each review that had a keyword was marked. In
this stage, we adopted two sets of keywords: one for GAIA
and another for the BBC guide.

In the next stage, we read all the reviews, and we tried to
identify if the study had any report of accessibility. We val-
idated this classification regardless of whether the reviews
had been returned in the keyword search stage. At this point,
it is essential to highlight that using keywords alone was
inefficient in the final classification of particular keywords.
False positives were returned, and many reviews about ac-
cessibility were not identified. Therefore, a manual analysis
was used to understand the nature of the accessibility reports
better. They were classified into four categories: praise, crit-
icism, suggestion, and bugs. It is important to note that a sin-
gle review can be classified into multiple categories.

Next, we created a new spreadsheet with only accessibil-
ity reviews so that the reviews could be reanalyzed, now ob-
serving if we could identify any GAIA guidelines within the
accessibility report. Again, each review was classified and
validated by both researchers. In case of disagreement in the
review classification, the researchers discussed reaching a
consensus based on the definition of GAIA categories.

In order to broaden the scope of identifying accessibility
issues beyond those specific to autism, it was decided to uti-
lize the Mobile Accessibility Guidelines from the BBC. The
inclusion of these guidelines aimed to provide additional ev-
idence regarding the accessibility status of the applications.
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Table 3. Bank of keywords referring to GAIA categories

GT - Visual and textual vocabulary colors, contrast, content, distinguish, simple language, long text, lots of text, symbol, reading,
structure, icons, vocabulary

G2 - Customization increase, text size, change, font, color, sound, customize, change, personalize, Tayout, elements, preferences, quantity,
functionalities, reading mode, printing mode

G3 - Engagement distraction, distract, attention, focus, simplicity, clarity, understanding, understand, simple interface, content,
instructions, guidelines, motivate, engage

G4 - Redundant representations caption, instructions, representations, representation, understanding, symbols, pictograms, image, audio,
video, figure, icon

G5 — Multimedia different representations, text, content, understanding, video, audio, image, attention, visualization, amplification,
sound, disturbing, explosive

G6 - Responses to action response, feedback, right actions, wrong actions, right, wrong, alert, confirmation, emotion, expression

G7 — Affordance similar, consistent, predictable, seem clickable, adequate, instruction, feedback

G8 - Navigability simple navigation, consistent navigation, bookmarks, page, exit, return, home page, help, time, redirect, control

(9 - System state visibility instruction, message, error, resolve, cancel, undo, commit, revert, restart, attempt

G10 - Interactions with touch screens screen, touch, sensitivity, sensitive, error, selection, accidental touch

It is a consensus among the researchers that the best guide-
line is the GAIA, which was built for the autistic spectrum.
However, we considered it valid to use a second source
of accessibility guidelines. Analyzing and classifying the
BBC guideline reviews occurred similarly to GAIA. The
researchers read and tried to identify the reviews that ad-
dressed accessibility and attempted to identify if the review
addressed any of the issues described in the BBC guideline.

4.5 Results analysis

The results obtained from the analysis of user reviews were
analyzed quantitatively and qualitatively. In the quantita-
tive analysis, we counted the accessibility issues reported
by users. We conducted a qualitative analysis to diagnose
the main aspects of accessibility that were affected by the
applications. The analysis of user reviews (available in Por-
tuguese) can be consulted at https://bit.1ly/3e6wIiM.

5 Quantitative Results

The following presents the results discovered in the study of
the accessibility of educational applications, we generated
graphs of this data, and in this section, we describe the re-
sults.

5.1 User reviews and accessibility reports

Figure 1 shows the number of reviews each app pulled from
the Play Store. The graph shows that the ABC Autismo ap-
plication is notably prevalent. Of the selected educational ap-
plications, it is the one that had the most reviews extracted,
while Teacch.me being the one with the least extractions
(only two reviews).

After extracting the reviews, we found that, as predicted
by Eler et al. (2019), many of them were ‘noisy’. That is,
they contained elements that added little to the main mes-
sage, such as typos, acronyms, and emojis, or the review did
not present contributions to the state of the application’s ac-
cessibility. Among the extractions performed, 125 reviews
(16%) presented accessibility reports, as shown in Figure 2,
which summarizes the initial identification process of these
reports.

Figure 1 illustrates that the apps with the most reviews con-
taining accessibility reports were Matraquinha (73 reviews

being accessibility) and ABC Autismo (33 reviews being ac-
cessibility). In user reviews of the Teacch.me app, there were
no reports of accessibility.

When analyzing the nature of the reports in accessibil-
ity Figure 3, it is possible to notice that most users com-
plained about bugs in the application. This type of report cor-
responded to more than half of the total number of reports
(57%), which the urgency can explain that users felt in solv-
ing these problems, as this could be preventing the use of
the application. Then, we observed that users often left sug-
gestions for improvements that impacted accessibility (28%),
14% of users criticized some aspects of the application’s ac-
cessibility, and finally, only 1% of the reviews praised acces-
sibility.

5.2 Classification of user reviews by the guide-
lines used

After being classified as accessibility-related, the review was
subjected to a new manual review to verify whether it fits any
of the GAIA or BBC guidelines for accessibility. The manual
classification was fundamental since, in some cases, the sim-
ple presence of a keyword was not enough to identify reviews
with accessibility reports. In addition, there were situations
in which the reviews mentioned aspects of accessibility but
did not include any previously defined keywords. Therefore,
manual analysis proved to be essential for the proper classi-
fication of reviews.

Figure 4 illustrates the classification of user reviews of ap-
plications according to GAIA guideline categories. We found
all GAIA guidelines categories in the textual analysis. How-
ever, we observed that user reviews more frequently pointed
to recommendations from the categories: G6 - Responses to
actions (76 times), G9 - Visibility of the system state (71
times), G2 - Customization (35 times), and G4 - Represen-
tations redundant (9 times). Notably, a review could be clas-
sified in more than one GAIA category.

The classification of the reviews in the BBC guidelines
proved less comprehensive than that of the GAIA. Only 47
reviews were related to some of the guidelines of the BBC
guide. This number was reduced because the BBC accessi-
bility guidelines were aimed at the general public. However,
as the GAIA was developed with the specific needs of peo-
ple with autism in mind, it was able to be more comprehen-
sive and inclusive. Figure 5 shows the rankings results for
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the BBC guide.
Below, we explain each app’s results, followed in order,

GAIA classification results, followed by BBC classification
results.

6 Qualitative Results

This section describes the accessibility issues reported in user
reviews of each application. We organize the results in sub-
sections describing the issues identified through GAIA and
BBC.

6.1 ABC Autismo
6.1.1 GAIA

The ABC Autismo educational app is very popular with its
target audience. It was the second with the highest number

Figure 3. Type of accessibility reviews.

of reviews with accessibility reports. In Figure 3, we can see
that accessibility reports are related to almost all GAIA cat-
egories. However, we can also see that two categories ap-
peared in most reports: G9 - Visibility of the system state
(19 reviews) and G6 - responses to actions (22 reviews).

The numbers of reports for the two categories are similar,
as it was prevalent for the same user review to be classified
in both guidelines, as in the example of the review below:

“I'm so sad it is not opening on my phone. My daughter
loves it.” - This review falls under guideline 6.1 of the G6
category (action response): Provide feedback confirming cor-
rect actions or warning about possible errors and use audio,
text, and images to represent the message, avoiding icons
that involve emotions or facial expressions. In this case, the
application should provide feedback on what is happening in
the application, and this does not happen. This same review is
classified in guideline 9.1 of category G9 (system status visi-
bility): Present proper instructions for interacting with page
elements, provide clear messages about errors and mecha-
nisms for resolving errors. The app is not delivering a clear
message about the error preventing its use.
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Figure 6. Accessibility report in the app ABC Autismo

Figure 6 demonstrates an accessibility issue identified by a
user in the following review: “It could have options to return
to the main menu at any time after selecting the game. The
options for building words with syllables are few. They could
have words more common to the context of children.” This
issue is associated with guideline 8.1 of category G8 (nav-
igability): Provide simplified and consistent navigation be-
tween pages, using location indicators, progress indicators,

and presenting global navigation buttons on all pages. The
app should provide global navigation options on the men-
tioned screen, but performing any navigation action before
completing the task is impossible. The interface has a gear
icon, but nothing happens when selected. This issue is related
to guideline 8.1 of category G8 (navigability).

All reviews in the responses to actions (G6) category were
classified under guideline 6.1. This guideline aims to use im-
mediate feedback as an essential role in retaining attention,
understanding instructions, and reducing incorrect actions by
autistic users. Based on the analysis results of user reviews,
we can consider that the app has difficulty capturing the at-
tention of autistic children, conveying necessary instructions
for use, and that children are likely to make mistakes when
using the application.

Similarly, all reviews associated with system status visibil-
ity (G9) were classified under guideline 9.1. This guideline
describes that interactive elements and functionalities should
guide how the interaction should be performed and provide
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solutions for errors when they occur, always with simple lan-
guage to facilitate the user’s life. Based on the result of the ac-
cessibility analysis of the app, it was not providing adequate
guidance for its functionalities and elements or not satisfac-
torily providing error resolution for the user.

6.1.2 BBC

Analyzing the reviews from the perspective of a generic mo-
bile accessibility guideline, we found accessibility problems
in the following topics: notifications, editorial, audio and
video, design, scripts and dynamic content. Figure 5 shows
the results found.

A report that may show audio and video problems in the
application is at I gave it five stars because it is really good,
but to make it better, it could have audio options like drag
the letter a and then say the name of the letter and then say
what was formed with the letters.”. This review has been cat-
egorized as Alternatives to Visual and Audio Content, and
this is justified as the guideline establishes audio description
as embedded media.

6.2 Aprendendo com Biel e seus amigos
6.2.1 GAIA

In this application, we identified accessibility problems in
four GAIA categories: G2 - customization, G6 - responses
to actions, G4 - redundant representations, and G9 - visibility
of the system state. The last three categories concentrated the
highest recurrences of application accessibility problems.

In redundant representations (G4), the most frequent
guideline was 4.1. This guideline describes that applications
should not focus only on textual language to give instruc-
tions, commands, and present content. The explanation is
that autistic people may struggle with verbal or non-verbal
communication. Ideally, autistic users have multiple options
for receiving the content. Thus, the application, Aprendendo
com Biel e seus amigos, may need help to provide alternative
means of representing the content for its users.

The main guideline for responses to actions identified (G6)
was 6.1, which means that the application does not follow
the appropriate recommendations to get the user’s attention.
If they are distracted, they may make mistakes. In the visibil-
ity of the system’s state (G9), all accessibility reports were
classified in guideline 9.1. It means that the application may
need to have oriented correctly about its functionalities and
elements or that it did not provide help for solving errors.
Figure 8 shows an example of an activity, but the application
does not offer clear instructions on interacting with it for its
resolution.

An existing accessibility review of this app is cited below:

“Unfortunately, it has some flaws. In the L syllable family,
they say ba be bi bo bu. In the word VELA, they say VEJA.
To be charged, you must help the child and not confuse their
reasoning.”

This review belongs to the 4.1 guideline, which defines:
The application should not only focus on texts for content
presentation but also provide representations in image, au-
dio, or video and ensure that these representations are close
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Figure 7. Accessibility report in the application Aprendendo com Biel e
seus amigos

to the corresponding text. The picture is far from the corre-
sponding text, as it makes an error when demonstrating word
pronunciation.

6.2.2 BBC

The application did not have reviews classified under any
BBC Mobile Accessibility Guidelines.

6.3 AutApp Autismo
6.3.1 GAIA

The application presented only one accessibility report. The
user review was as follows:

“A tip: the typeface most used for reading by children be-
tween 6 and 7 years old is Capital Stick, as they are in the lit-
eracy phase. This font favors reading and writing.” In Figure
9, we can see that the font is lowercase, and the user reports
the desire to leave it in uppercase.

Y AutApp

O que o Erick esta sentindo?

Vamos brincar!

Sair
Figure 8. Accessibility report in the application AutApp Autismo

We classified this review in the customization category
(G2), guideline 2.1. This guideline establishes that the appli-
cation allows customizations in colors, text sizes, fonts, and
sounds according to the user’s preferences.

6.3.2 BBC

The application did not have reviews classified under any of
the BBC’s mobile accessibility guidelines.

6.4 Autismo projeto integrar

6.4.1 GAIA

As aresult of the textual analysis phase, only one review was
observed that had an accessibility report. This review was de-
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scribed as being from the customization category (G2) and
guideline 2.3, which says that the software must offer cus-
tomization options for the quantity and layout of elements
on the screen and customize the functionalities.

The user review says the following:

“Even though it is very simple, I found it really good.
Could you create a way for users to develop personalized
routines that fit each phase of autistic children, teenagers, or
adults? I loved it!”

This classification is because the user feels the need to cre-
ate personalized routines. As seen in Figure 10, the app has
existing tasks, and the user can only choose one of them and
customize the time and frequency of that task.

4 Voltar

ACORDAR

Ao Acordar
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Figure 9. Accessibility report on the application Autismo projeto integrar.

6.4.2 BBC

In the classification according to the BBC Mobile Accessibil-
ity Guidelines, the review was identified as being in the De-
sign category, more explicitly belonging to the Adjustability
guideline of this category. The guideline is justified because
it establishes that interactive media should be adjustable to
the user’s preferences. However, this only happens when the
user tries to personalize a task according to their interests,
and the routine cannot be adjusted.

6.5 Jade Autismo
6.5.1 GAIA

Analyzing the GAIA guidelines that appeared most fre-
quently in Jade Autismo reviews, we can observe that users’
main difficulties with the application’s accessibility were re-
lated to the customization (G2) and response to actions (G6)
guidelines. The first category defines that users should have
the option to adjust the interface according to their prefer-
ences. Problems were also identified in four other GAIA cate-
gories, namely: redundant representations (G4), interactions
on touch screens (G10), system state visibility (G9), and af-
fordance (G7).

One of the problems identified by a user in the Redundant
Representations category (G4) is described in a review and
illustrated in Figure 11:

"The game should say the names of the animals and the
colors and not make the same sound for everything.”

The classification of this review in the Redundant Repre-
sentations category (G4) occurs because category 4.1 states
that content presentation should adopt through multiple
means (text, image, and sound). In this case, only an image
is represented, and the sound does not represent the figure.
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Figure 10. Accessibility report on the application Jade Autismo

The second most common category was Response to Ac-
tions (G6), which mentions the need to provide appropriate
feedback for interactions, considering the characteristics of
the application’s target user. An example of a user review
classified in this category is:

"Excellent application, but suddenly it stops working.”

In this review, the user praises the application but men-
tions that the app has stopped responding and needs to give
feedback on what is interrupting the proper functioning of
the application.

In the Customization category (G2), the leading guideline
that appeared was 2.3, which may indicate that the applica-
tion is not allowing users to customize the layout and quan-
tity of elements in the interface. In the Response to Actions
category (G6), the most general guideline was 6.1, which
means that, for its users, the application is not providing ad-
equate responses for correct actions or alerts for possible er-
rors (wrong actions by the user).

6.5.2 BBC

It can be observed that there was a greater distribution of
reviews among the categories, where those that had accessi-
bility reports were: Scripts and dynamic content, focus, and
audio and video. In one of the user reviews, they report about
the application: "Very good app, I liked it, and I want to con-
gratulate you!!! Just constructive criticism, the letters should
be in shape for better visualization of the autistic, and the or-
der of placing from top to bottom was not necessary. The im-
portant thing is the pairing. Bjss”, this review has been char-
acterized as being from three categories of the BBC Mobile
Accessibility Guidelines, Design and Scripts and Dynamic
Content and Focus.

It was classified as being from the Design category guide-
line, as the guideline says that interfaces should provide mul-
tiple ways to interact with content, which according to the
review, still needs to be done. In the Scripts and Dynamic
Content classification, it is defined in the Input Control di-
rective, as the font could not be changed. In the Focus cate-
gory, it was defined as the order of focus, as the user needed
help understanding the logic in the sequence in which cards
should be paired.

6.6 Matraquinha
6.6.1 GAIA

This application had the highest number of accessibility re-
ports. Reviews mentioning accessibility issues were present
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in 38% of all extracted reviews. We found accessibility re-
ports that violate eight of the GAIA guidelines. The most fre-
quent reports were in the categories of customization (G2),
response to actions (G6), and system state visibility (G9).

The customization guideline (G2) that appeared most fre-
quently was 2.2, which recommends giving different ways to
users view information, such as through audio, text, and im-
ages, so that they can choose how they want to view it. The
application had several reports in this category, so the appli-
cation may not have allowed users to view the information
in different options.

One report that relates to the customization category (G2)
is:

“I think the game is very efficient, but I want to leave a tip
for emotions: it would be nice to have the option to put our
photos in place of the stick figures.”

This report is classified as accessibility because, in guide-
line 2.3, there is a recommendation that the user has the op-
tion to customize the functionalities, and the application does
not offer this possibility. In Figure 13, we can see the activ-
ity that the user describes and reports that he would like the
option to customize it.

The responses to actions category had all reports classi-
fied in guideline 6.1, meaning that the application does not
provide adequate feedback to the user’s actions. The main
guideline found in the system state visibility category was

9.1, representing that the application may not have provided
instructions on interacting with elements and functionalities
or did not help in the error resolution process.

6.6.2 BBC

The category with more accessibility problems was Design,
with 15 reports. The following review is classified in this cat-
egory: "I thought it was very cool, but the speech induces a
mechanics of the child who will imitate. It could be a more
natural speech since it also stimulates orality in addition
to stimulating communication!”, this report is found in the
guideline of adjustability of the project category, as the user
reports the desire to change the character’s speech in the ap-
plication, which was impossible.

6.7 OTO (Olhar tocar ouvir)
6.7.1 GAIA

This app only had one review reporting accessibility. It was:

"The APP does not sound on my son s tablet.”

Despite being only one, it has been classified under GAIA
guidelines 6.1 and 9.1 as it violates guideline 6.1 when it fails
to emit sound feedback and violates guideline 9.1 because the
application is not providing a resolution for the issue of no
sound.

6.7.2 BBC

The application did not have reviews classified under any of
the BBC’s mobile accessibility guidelines.
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Figure 11. Accessibility report on the application Matraquinha

7 Discussion

Through textual analysis and accessibility classification of
user reviews, we observed that most accessibility reports
were related to two applications: ABC Autismo and Ma-
traquinha. In addition, the accessibility reports focused on
some specific problems of the two applications, and in gen-
eral, the main complaints were of the bug type. This result is
similar to what was also found in the study by Alqahtani and
Orji (2019), who used user reviews of mental health apps to
find usability issues.

The most frequent problem of ABC Autismo was related
to Responses to system actions (according to GAIA) and
Notifications (according to BBC). It happened due to the
many reports that applications did not open on users’ de-
vices, stopped working, or crashed. The Matraquinha appli-
cation was the one that had the most reviews of accessibility
problems. The main guidelines affected, according to GAIA,
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were visibility of the system state, responses to actions, and
customization. In contrast, according to BBC, the main ones
were design, audio and video, and notifications. The appli-
cation had many reports that the sound was low or even ab-
sent, which explains the large number of reports related to
the visibility of the system state, response to actions, audio
and video, and notifications. At the same time, the problems
in customization and design were related to frequent reports
of users expressing the desire to customize application cards.

To further explore how the GAIA and BBC guidelines are
related to the reviews analyzed, we developed the Sankey
chart to illustrate the relationship between the guidelines as
reflected by the ranking results (Figure 12). The graph shows
how reviews ranked in each GAIA category are related to the
BBC categories. Wider arrows indicate a higher occurrence
of user reviews classified with GAIA and BBC categories.
You can see which categories from each set of guidelines are
most closely related according to the results of our analysis.

It was already expected that, by following the GAIA guide-
lines, more accessibility problems would be identified since
it was developed taking into account the main difficulties
that an autistic person may have while using the app, such
as maintaining focus and the need for adaptations in the font
used, for example.

Taking the GAIA categories as a starting point, it can be
seen that reviews classified as Customization (G2), were also
widely classified with BBC Design and Audio and Video.
Reviews classified as Responses to actions (G6) and Sys-
tem State Visibility (G9) were also classified as Notifications.
The BBC Design category has a relationship with several
GAIA categories, as it involves aspects of color, contrast and
customization features, focus, and choice, which are consid-
ered by different GAIA categories. Although BBC is not spe-
cific to autism, this analysis indicates that it still allows for
identifying accessibility issues affecting this audience.

We can consider that BBC is more generic and cover some
accessibility aspects that also affect users with ASD. On the
other hand, GAIA has guidelines about accessibility aspects
related to ASD characteristics. Thus it has a more significant
potential to support identifying accessibility issues that im-
pact this specific public. Our results confirm that hypothesis,
as we identified more user reviews related to GAIA guide-
lines than BBC ones.

The research by Branco et al. (2020) also assessed the ac-
cessibility of educational apps for autistic children using the
inspection method. Through the textual analysis conducted
in this research, we evaluated apps not considered in previous
studies, such as Matraquinha, Autismo projeto integrar, Au-
tApp, and Teacch.me. The reviews report experiences from
different users, which enriches the evidence about accessibil-
ity problems faced. It was also possible to identify problems
related to the category of touchscreen interaction, for which
there was no evidence of accessibility problems in previous
research.

In this way, it is possible to highlight that user reviews
are a potential source of information about autistic people’s
usage experiences. This methodology pointed out accessibil-
ity problems identified in usability inspections conducted in
previous research. An example is the ABC Autismo, where
the Visibility of the System State guideline appeared more
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frequently in Branco et al. (2020) and in this research. We
observed similar results for the OTO application.

As alimitation of the textual analysis in the context of eval-
uating technologies for autistic users, it is impossible to re-
late the problems identified to the different degrees of autism
of the users, as this information is not available on the Play
Store and other app stores.

It is essential to point out that applications frequently un-
dergo maintenance, which can be adaptive, corrective, or evo-
lutionary, since this is part of the life cycle of software. The
accessibility problems mentioned in the article may have al-
ready been solved in the application. In addition, new obsta-
cles related to accessibility may have arisen. When writing
this article, some of the apps used in the study were no longer
available on the Play Store. They are: ABC Autismo, Au-
tApp, Aprendendo com Biel e seus amigos and Teacch.me.
However, some apps are still available for download on other
platforms and can be installed via APK files. More current
reviews may bring new results not identified in this research,
which considered reviews up to 2020.

However, the objective of the research was to explore
whether it was possible to find accessibility problems using
the proposed methodology. Although the research is not in-
tended to provide a conclusive diagnosis of the accessibility
of applications, we can consider that user reviews, often in-
formal, can reveal the negative impact of a poorly designed
interface design. As seen in the article, these users often make
claims for improvements in the application due to the diffi-
culties they encounter. It is important to note that not all users
have in-depth knowledge of accessibility guidelines. As a re-
sult, it may be difficult for them to identify what accessibility
is. For example, when users request dark screen mode to be
included, they may not know that this functionality reduces
eye strain and improves accessibility.

8 Conclusion and Future Work

This work aimed to conduct a textual analysis of the reviews
of Play Store users who use educational applications for autis-
tic children to understand how users addressed the issue of
accessibility in their reviews. We adopted two guidelines
to classify the accessibility problems identified: GAIA and
BBC.

During the classification stages, it was possible to identify
two behaviors of the users. The first one is that the main au-
thors of the reviews of the educational applications were not
the children, but their guardians, who closely followed the
use by the autistic child. Second, it was clear that those re-
sponsible looked favorably on educational applications, and
it was not simply another application that their children used.
They were confident in the benefits the applications intended
to bring and used the application as an auxiliary tool in the
educational process, such as literacy, teaching phrases and
emotions, creating routines, etc.

Reviews made by users have proven to be an excellent way
to understand the applications since they represent the feed-
back of those who use the apps daily to fulfill their tasks. In
this way, the evaluations allow a more complete and in-depth
view of the quality and effectiveness of the applications. The
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Figure 12. User reviews classifications - the relationship between GAIA and BBC guidelines

reviews can be used precisely in the evolution and improve-
ment of applications. Understanding ways to improve the ac-
cessibility of an application is a fundamental task to promote
its improvement. In this way, it is possible to ensure that the
app is accessible and valuable for all users, regardless of their
specific limitations or conditions.

The classification step of user reviews indicated that seven
out of eight of the applications had accessibility problems
according to their users’ reviews. Accessibility issues were
found for all categories of the GAIA guidelines, but not for
all the categories of BBC. It may indicate that the applica-
tions follow general accessibility guidelines related to im-
ages, links, and structure, but do not follow specific acces-
sibility guidelines for autistic users’ needs.

During the textual analysis of user reviews, two appli-
cations stood out for concentrating the highest number of
accessibility reports made by their users. They were: ABC
Autismo and Matraquinha. The fact that they are more popu-
lar applications may have influenced this result, as they have
more user reviews.

The adoption of BBC guidelines has proven to be use-
ful in comprehensively analyzing accessibility, as GAIA is
not specific for mobile applications. However, we did not
identify a user review related to BBC and not related to
GAIA. We could classify all reviews about accessibility into
some GAIA categories. By analyzing the relationship be-
tween GAIA and BBC guidelines, we noted that problems
related to design, audio and video, and focus (according to
BBC) are commonly also related to customization (accord-
ing to GAIA). At the same time, problems related to notifi-
cations (according to BBC) are also related to responses to
action and system state visibility (according to GAIA). It can
support future work to automatically classify user reviews.

In future work, we propose to optimize the process of ex-
tracting and analyzing user reviews using an automatic tool.
The UUX-Post tool is an excellent alternative. It is a tool that
has already been used in other studies on user reviews and
can add to the continuity of the work. The use of keywords
is a methodology with potential for improvement. Morpho-
logical variations and synonyms can enrich the set of words
and make automatic classification more effective. Consider-

ing other applications and more current reviews can enable
the discovery of new results, enriching the current results.
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