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Abstract

Mobile devices have gained more attention from the society that is using them increas-
ingly for a variety of purposes. For complete insertion of the population in this constant
digital evolution it is fundamental that mobile applications also offer access to different
user profiles, regardless of their disabilities or limitations. Considering quality, produc-
tivity, and speed of application creation, there is a wide range of good development
practices and evaluations. However, methods that involve usability and accessibility are
still developing. The purpose of this article is to present the Acc-MobileCheck, which is
a checklist of accessibility and usability for mobile devices apps, based on good software
development practices and guided by Design Patterns. It aims to address difficulties
that can be faced by people with hearing, visual, intellectual, or mobility impairment.
Five experts and three developers of mobile apps had evaluated the Acc-MobileCheck.
The conclusive results show that the checklist is usable and includes essential issues for
the evaluation of accessibility and usability. The data obtained allowed a restructur-
ing of the evaluation method developed, and the positive comments about the checklist
demonstrate its adequacy to attend the demand.
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1 Introduction

The number of people connected to the internet is continuously rising; according to the Brazilian Institute
of Geography and Statistics (IBGE) [1], the number of internet users in Brazil has practically quintupled in
9 years. We can observe that this scenario is prevalent worldwide, exhibiting a constant growth in the use
of the internet, stimulated by the use of mobile devices [2].

By encompassing different elements, such as people, procedures, and technologies, solutions through
Human-Computer Interaction (HCI) seek to face problems in the real world and society, following the
changing social demands. The advent of new alternatives for accessing information, including mobile devices,
requires software designers and developers to be aware of and be prepared to offer technological means and
resources to guarantee the same opportunities for people, regardless of their skills or deficiencies. Therefore,
the software interface must be developed based on usability and accessibility criteria aiming at a good
interaction by the final user [3, 4].

According to the ISO/IEC 25000 Standard [5], usability encompasses several sub-characteristics, for
example, apprehensibility, user errors preventing, operability, interface aesthetics, and accessibility. The
Standard establishes that accessibility is the extent to which a product can be used effectively, efficiently,
and satisfactorily by people from a population with the broadest range of features and capabilities for
achieving a specified goal in a context-specific. These two concepts are interdependent, however, there is
a lack of analysis about the relationship between accessibility and usability explicitly, both concerning the
web and other computational systems [6, 7], such as mobile devices.

Accessibility issues are essential to ensure and improve access for all citizens, especially people with
disabilities. According to the IBGE [1], 23.9% of the Brazilian population are people with disabilities. It
stated that from the age of 60, it occurs in more than half of the population. Oliveira [8] analyzed the
relationship between age and the occurrence of some types of disabilities in Brazil. As reported by the
author, more than 45% of the population over 55 years of age has some disability: auditory, visual, motor,
cognitive, or multiple impairments. Worldwide, the WHO Press [9] highlights that around 650 million people
live with a disability, which is equivalent to approximately 10% of the world population. This scenario
already demonstrates the current need for mobile applications to be accessible, to ensure the inclusion of
these users, and to maintain good usability for all user profiles. Therefore, our purpose is to present the
Acc-MobileCheck, a checklist for evaluating accessibility and usability for apps of mobile devices based on
good software development practices and guided by Design Patterns. The main contribution of this work
and its differential is the Acc-MobileCheck, composed of 47 verification items and consisting of questions
that look for evidence of problems of comprehension, operation, perception, and adaptation in mobile apps.
It provides additional information (in relation to traditional models, such as WCAG) that supports the
evaluation of usability and accessibility of mobile applications, using the well-established design patterns
structure. Thus, each Acc-MobileCheck verification item is described considering the elements “Context”,
“Example”, “Recommendation”, etc.

This article is presented as follows: Section 2 addresses fundamental concepts used in the research and
related works; Section 3 presents the Acc-MobileCheck; Section 4 describes the Acc-MobileCheck evaluation;
Section 5 presents the results obtained; and in Section 6 final considerations are made.

2 Background and Related Work

The quality of interactive software requires that evaluations be carried out during its development, empha-
sizing that it is more difficult and costly to fix software after implementing all of its components. These
evaluations should consider quality criteria of the use, such as accessibility and usability. Furthermore, it
should analyze not only from the perspective of developers but also from the final user viewpoint [10].

In this research, we additionally considered the Design Patterns and the Material Design (which address
best practices for software development for mobile devices) concepts. All these elements were studied in
detail, aiming to get an overview of the practical context, as presented in the following sub-sections.

2.1 Usability and accessibility assessments

There are several ways to carry out the evaluation of an interface. A useful resource during the development
process is conducting automatic tests [11]. These tests are performed by an evaluator who uses a tool as a
software program. That tool checks a defined set of criteria quality characteristics and generates a report
with problems encountered (failures or errors due to non-compliance criteria) [10]. According to Ivory et al.
[12], the use of automatic tests helps in the evaluation process, making it less time consuming, more efficient,
and with reduced cost.
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Similarly to accessibility, there are tools to support automatic usability evaluation on the web. However,
most of them do not analyze the user’s perception, cognition, and motor ability, being limited to validating
the HTML syntax [13]. Thus, automatic tests are adequate and efficient to maintain the quality of the code;
however, they are not appropriate to evaluate the quality of use [11, 10].

Diverse methods in the literature aim to assess the quality of use. According to Barbosa et al. [10], there
are different methods for evaluating user interfaces: the investigation, observation of use, and inspection. The
investigation methods usually consist of procedures supported by questionnaires and consider conducting
interviews, focus groups, and field studies. In the observation of use methods, the evaluator is responsible for
observing users (in their usual context or their laboratory), meanwhile collecting data on the performance.

Inspection methods characterize for assigning to evaluators the task of identifying problems that users
may have when interacting with the system. In general, the inspection methods tend to be faster and less
expensive to apply than other methods, as they do not always need to recruit users for opinion collection or
observation sessions. During an inspection, the evaluators examine discrepancies between the interface and
guidelines, in an attempt to predict the user experiences that users may come to encounter when using the
interface under evaluation [14, 15]. Checklists are one type of inspection methods.

2.2 Design Patterns

Design Patterns have been adopted in the HCI domain and are known as User Interface Design Patterns
(UIDP). There are different opinions about the necessary elements to compose the UIDP structure. An
UIDP is a general and repeatable solution for a frequent usability problem in the design of an interface and
consists of the following elements [16]: (i) name of the pattern; (ii) problem definition; (iii) solution; and
(iv) consequences. Folmer [16] recommends including “Examples” of using the pattern and Van Welie and
Van der Veer [17] proposed the inclusion of the topic “Reasoning”.

Nudelman groups 77 UIDP for mobile applications into 14 categories, which discriminate between location
and function [18]. For the present study, 12 mobile UIDP by Nudelman were chosen. The six categories in
which the 12 selected UIDP are distributed are: (i) Home Screen, which aggregates presentation patterns
of the application’s functions and content; (ii) Search, which groups standards related to search, insertion,
and suggestion of data by text and voice; (iii) Ordering and Filter, which deal with organization and
filter information customizable by users; (iv) Input Data, which groups standards related to the insertion
of data and files by users, as well as possible user interactions during the selection of these files; (v) Forms,
which include standards for data confirmation and validation functions and (vi) Navigation, which deals
with means of viewing application content.

2.3 Material Design

In July 2014 Google created a visual language that synthesizes the classic principles of good design called
Material Design1. It is “a comprehensive guide to visual design, of movement and interaction for different
platforms and devices”. It is also compatible with components and features available on Android, from
version 5.0. The Material Design pattern provides a set of guidelines and tools to assist the developer, based
on good user interface design. The guidelines standardize the entire graphic part of the application, like
icons, colors, and animations.

The standardization in the design of the interface in the Material Design aims to allow improvements in
the user experience (UX - User eXperience), since it increases the apprehensiveness and recognizability of
the software. This is due to a set of rules for colors and common location of buttons and icons that have
similar functionality, which unifies and standardizes their visual characteristics and, thus, the user does not
need to relearn or guess the features in the application.

One of the goals of Material Design was to create a language to combine design principles with new
resources generated by the technological advancement of devices and software, as well as allowing a unified
experience across different platforms. To encompass the different requirements of these platforms and the
variations, the user interface components of the language were organized in Material Components specific
to Android, iOS, web, etc.

For example, the Hierarchy Guideline2 establishes that designers should to place important actions at the
top or bottom of the screen (reachable with shortcuts) and should place related items of a similar hierarchy
next to each other, as presented in Figure 1.

1https://material.io/design
2https://material.io/design/usability/accessibility.html#hierarchy
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Figure 1: Example of material design guideline (https://material.io/design/usability/accessibility.html#hierarchy)

2.4 Related Work

Piccolo et al. [19] conducted research on visual accessibility solutions for mobile devices, through interviews
and observations of blind and low vision users using mobile devices with screen readers. Based on the data,
a set of nine design guidelines for the development of mobile applications was defined considering the needs
of this target audience. This study contributed with details about the real needs of users using assistive
technologies on mobile devices, which guided some of the verification items of Acc-MobileCheck.

Investigating how visually impaired people interact with mobile devices, Kim et al. [20] also proposed
a set of implications (in the form of heuristics) to guide the development of accessible mobile applications.
Usability tests were carried out on a native mobile application with users at different levels of visual loss.
Among the usability problems found, five relevant implications were identified in the design of Assistive
Technology resource interfaces for people with visual impairments: satisfying affect from auditory sense, un-
derstanding the process of visual-spatial information, providing consistent and simply-structured UI layout,
increasing configurable settings, and improving speech performance of screen reader. These heuristics pro-
vided us with specific details that were used in the Acc-MobileCheck proposal, mainly about the UI layout
and configurable settings.

Nathan et al [21] developed a model for evaluating mobile applications for people with hearing impair-
ments. Initially, interviews were conducted with these users while using a mobile application to collect
information about their needs and challenges. The results obtained with users were compared to require-
ments mentioned in studies on hearing impairment found in a systematic review. Thus, a quality model with
six dimensions of usability (efficiency, satisfaction, learnability, effectiveness, understandability, and accessi-
bility) was defined for application evaluations for people with hearing impairment. This work was relevant
for highlighting the differences in the types of problems that are treated in Acc-MobileCheck, especially
when the verification items question the barriers of people with hearing impairment.

A recent work [22] reports on usability tests with 10 participants, 6 blind and 4 users with normal
vision, using 4 sites and their respective 4 native mobile applications. The evaluation resulted in a total of
514 problems found, 105 by users with normal vision and 409 by blind users, the most frequent and most
serious being found by the last group. The results show critical problems that need to be addressed when
developing mobile applications and sites. Thus, the work raised important points that guided the creation
of Acc-MobileCheck to check if the questions and definitions elaborated met accessibility problems raised by
visually impaired users (alternatives for images, identification of buttons (clickable elements), etc.).

Considering mobile evaluation, Eler et al. [23] introduced the idea of using automated test generation
to explore the accessibility of mobile apps. They presented the MATE tool (Mobile Accessibility Testing),
which automatically verifies apps by performing different checks for accessibility issues related to visual
impairment. Moura et al. [24] provided an API that automatically runs tests, analyzing whether the
interfaces of an application conform to accessibility rules and offer tips for improving accessibility. Patil et
al. [25] presented a tool for evaluation of application accessibility in Android environment. According to the
authors, the Enhanced UI Automator Viewer tool is the more powerful tool to inspect a UI component of
mobile application and the color contrast feature. It intends to identify best color combination for foreground
and background to make Android applications accessible for users with low vision and color blindness.

The need for an evaluation method that could indicate, in a more objective way, usability and accessibility
problems was the main motivation for the elaboration of the Acc-MobileCheck. In particular, the Acc-
MobileCheck encompasses the strengths of researches carried out about evaluation, mobile development,
UIDP, and includes practical information on accessibility.
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Table 1: Alexa’s selected websites

ID Position in Alexa ranking URL Functionality
1 1. Google.com Search
2 2. Youtube.com Entertainment
3 3. Facebook.com Social network
4 4. Baidu.com Search
5 6. Amazon.com Online shopping
6 7. Wikipedia.org Information
7 9. Twitter.com Social network
8 17. Linkedin.com Social network
9 19. Instagram.com Social network
10 36. Netflix.com Entertainment

3 Acc-MobileCheck

The decision to study the characteristics of UIDP refers to the fact that they are patterns that describe
solution for recurring usability problems in the user’s interaction with the interface, although allowing
different implementations. Thus, by identifying them in the interface, just by comparing them with their
definition in the UIDP, it can be verified if the correct implementation was carried out.

In addition, Material Design was also studied, as it is a good practice of current mobile design, which
brings most of the design recommendations for the interface elements (size, spacing, color, location, touch
function, etc.) applicable to different situations in the user interface, defined in a structure similar to a
mobile UIDP. The user interacts with the content of an application in different ways, whether on mobile or
desktop. Thus, there are differences in the UIDP of each interaction device, even between different operating
systems for the same device. Therefore, the analysis of UIDP for all variables it would become impracticable.
In this case, we focused on native apps for mobile devices, with Android operating system.

Considering the 77 UIDP proposed by Nudelman [18], we have selected 12 of them. Our choice was
based on an in-depth study in which ten selected mobile apps, available on the market, served as a basis for
searching the most frequently UIDP used and ordinary for people [26].

From these studies, an evaluation was carried out considering ten most visited websites in the world
according to Alexa3. In this tool users can find lists with the visitation ranking of web pages with estimates
based on global data. We chose 10 of the 50 most visited websites in the world and we used as inclusion
criteria (In) and exclusion criteria (Ex): [In1] the website has relevant content for further analysis; [In2] the
website is among the top 50 in the ranking; [Ex1] the website was developed in a non-English language and
does not maintain its structure when translated automatically; [Ex2] the website has inappropriate content,
or even improper content for further review, such as pornography content; [Ex3] more than three websites
in the same functionality category have been selected; and [Ex4] the website is only a version in another
language of any website already selected.

Table 1 summarizes the selected websites (URL), their respective positions in the ranking of visitation
of Alexa, categories of functionality and ID for later reference in the analysis of the data.

Therefore, we investigated the 10 mobile apps to find out which UIDP the developers used, and the 12
resulting UIDP were:

1. List of Links - it is usually found on the first page, serving as a display center for a variety of links
and icons for primary functions or usual pages that can be obtained from the app;

2. Voice Search - it usually appears as a clickable microphone icon, which when touched causes the device
to go into listening mode;

3. Auto-Complete - it uses suggestions given by the system, which automatically completes the text typed
by the user;

4. Auto-Suggest - the user types one or more characters in the search field, the system displays a series
of additional suggestions containing one or more combinations corresponding to the keywords entered;

5. Search From Action Bar - the user can access the search through a dedicated clickable element in the
application action bar that, when pressed, displays saved searches, search refinement options, usual
searches, nearby locations, among others;

3http://www.alexa.com/topsites/global
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6. Tabs - it is characterized when the tabs at the top of the page allow users to change pages or apply
the usual sorting and filtering options;

7. Multiple Select - the user touches one or more items (from a gallery), the page is switched to multiple
selection mode enabling mass changes, or also when the user touches one or more values (from a
displayed list) and can apply/discard selections;

8. Textbox with input Mask - when a field accepts only specific data, such as email or phone number, the
system can provide the right type of keyboard to facilitate data entry. Also, depending on the location
of the label, the field can optionally show the input mask on the inside;

9. Inline Error Message - when an entry error occurs, the system notifies the user which fields need to be
corrected. Generally, you can recognize two components of this UIDP: an error indicator in or around
the field and a general error message (usually at the top of the page);

10. Callback Validation - when a portion of the user’s input data needs to be validated on the server, the
system detects when the input is complete and issues an asynchronous server call to validate the data,
returning with one of two states, OK or Failed;

11. Cancel/Ok - in the form’s design, the action buttons display Cancel / OK and usually are at the top
or bottom of the form. The main action button is on the right and is sometimes longer or implemented
with a more saturated color icon. Often, the main action button is disabled at the beginning of the
process before a valid value is entered in the text field;

12. Carousel - the user sees several photos of the product along a horizontal line. Then the user can
slide the line to scroll horizontally to the next set of products. An arrow indicating the direction of
movement of the Carousel is usually provided as a tip to interact in the desired direction.

Considering our study of good practices for the development of applications for mobile devices, we defined
the verification questions (evaluation verification items) considering, as parameters, the problems related to
accessibility and usability. Thus, the first version of Acc-MobileCheck was composed of 241 verification
items. The checklist has gone through a systematic development process and, currently with 47 verification
items, is organized into four types of problems (TP), derived from the WCAG 2.0 principles [27].

Based on the initial set of checklist items, aiming to reduce access difficulties for people with some of
the four types of disabilities (visual, hearing, motor, and intellectual), we relate each type of problem to the
types of disabilities. It is worth noting that the types of problems could be related to more than one type of
disability, and vice versa, because we had as a scenario, the context of the use of the 12 UIDP studied. The
problems addressed at Acc-MobileCheck were:

(i) Comprehension (C) - related to the user’s cognitive difficulties to perform tasks when interacting
with the application, such as: to understand what a clickable item or any non-textual element is for;
to know where it is currently in the application, among others.

(ii) Operation (O) - related to the user’s difficulties to perform operations on tasks, such as: reaching an
application resource efficiently or facilitated, pointing at the clickable element; using the application
keyboard to enter data; obtaining from the visual, textual, sound or tactile context the current status
of a task in progress, among others.

(iii) Perception (P) - related to the user’s difficulties to perceive information while performing tasks
in the application, such as: identifying in the visual, textual, audible or tactile context notifica-
tions/suggestions given by the application, including during assistive technology usage; to identify
the visual, textual, sound or tactile result of an interaction selection over an application element,
among others.

(iv) Adaptation (A) - related to the user’s difficulties to face situations, such as: needs personal-
ized/customized assistance to use the application, has difficulty using the application in only one
specific orientation (vertical/horizontal), or different screen sizes.

The 47 Acc-MobileCheck verification items are related to each UIDP whose elements can be checked/
questioned regarding accessibility/usability issues, and by type of problem. The total of questions per TP
are 16 questions on (C) problems (the largest set of Acc-MobileCheck), 15 on (O) problems, 12 on (P)
problems, and 4 on (A) problems4. There is an example of an Acc-MobileCheck verification item for a
Comprehension problem, named as C5, in Table 2.

4From now on, we refer to these 4 types of problems through their initial letters: COPA.
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In the definition of each verification item there is the title/statement of the question, followed by: (i) Con-
text in which the question applies; (ii) Example that is necessary to check the interface under evaluation;
(iii) Motivation in terms of accessibility gains in the interface, raising for which type(s) of disability(ies)
is appropriate addressing the issue; (iv) Recommendation providing more comprehensive information on
the scope of the issue; (v) References which indicate the documents used to substantiate the question; and
(vi) Answers with the possible response options, in addition to observations by the evaluator.

[C5] Is the language used in textual elements legible and understandable?

Context: The mobile application contains textual content.

Example: A text content does not have a clear language or it is not in the same language, or even uses
abbreviations, technical terms, jargon.

Motivation: To assist users with visual disabilities who use screen readers to get the context of the appli-
cation and to understand the message of the content. To assist users with difficulties in understanding
the meaning of the application language to meet the needs of intellectually disabled users.

Recommendation: According to Nielsen’s second Heuristic [3], “the system should speak the user’s lan-
guage instead of using system-oriented terms”. In the WCAG 2.0 [2] recommendations, the user must
be able to read and understand what he/she is reading, regardless of whether he/she is using a screen
reader or not. Textual parts with technical terms or distant from the common language of the user
impair the understanding of the content of the screen for navigation, understanding for the use of tools,
as well as the correction of possible errors reported by the software. Choose common words that are
clear and easily understood by beginners and advanced readers. The text must be understandable by
anyone, anywhere, regardless of their culture or language [1].

References: [1] Writing. Material Design, Google Inc., 2014.

[2] Guideline 3.1 Readable. WCAG 2.0, W3C, 2008.

[3] Nielsen, J., (1994). Heuristic evaluation. Usability Inspection Methods. New York: John Wiley & Sons, Inc.

Answers: [ ] Yes [ ] Partially [ ] No [ ] Not applicable

Table 2: The C5 - a verification item of Acc-MobileCheck

The use of the checklist Acc-MobileCheck5, with its 47 verification items, has been validated by experts
and developers (Section 4).

4 Acc-MobileCheck Evaluation

To evaluate the Acc-MobileCheck, experts and developers were invited to experiment with the developed
checklist. Five experts (E1, E2, E3, E4, and E5) in accessibility and usability participated in the evaluation,
in addition to two mobile application developers with more experience and a developer with little experience
(D1, D2, and D3). All 8 evaluators are graduate students of University of São Paulo. Each evaluator
performed two different tasks, each one analyzing a different type of problem, to perform the evaluation
using the Acc-MobileCheck. Each Acc-MobileCheck type of problem is analyzed for unique verification
items. Thus, each evaluator applied only one set of verification items of Acc-MobileCheck.

The experts’ tasks (TE) were pre-defined and distributed among them with the types of problems (TP:
(C), (O), (P), (A)). In this way, it was possible to analyze the same task by two evaluators and with different
verification items. The distribution of their 4 tasks (TE1 to TE4), with the respective potential types of
problems (TP) analyzed by the 5 experts are indicated in Table 3.

The pre-defined developers’ tasks (TD) should be performed on mobile application prototypes, and
according to the types of problems (COPA), they were assigned to each evaluator. Similar to the distribution
of the tasks to the experts, each developer evaluated a different type of problem, however, each developer
task was performed only once. The distribution of tasks (TD1 to TD6) with the respective potential types
of problems (TP) analyzed by the developers are shown in Table 4.

We can observe that there was a more proportional distribution in the allocation of TP (C, O, P, A) to
experts (2, 3, 3, 2), than in the distribution to developers (3, 1, 1, 1), in which there was a concentration
on the TP “Comprehension (C)”. However, adding the numbers of experts and developers who analyzed
each TP, the following distribution was obtained: 5 participants evaluated (C), with 16 verification items;

5The complete description of Acc-MobileCheck is available at http://tiny.cc/q2arez (in Portuguese).
Acc-MobileCheck’ online version is available at http://limesurvey.labes.icmc.usp.br/index.php/783492 (in Portuguese).
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Tasks x TP C O P A
TE1 - E4 E5 E3
TE2 - E2 E3 -
TE3 E1 - - E4
TE4 E5 E1 E2 -

Number of Experts / TP 2 3 3 2

Table 3: Distribution of 4 tasks and types of problems (TP) to the five experts (E)

Tasks x TP C O P A
TD1 D1 - - -
TD2 - - D1 -
TD3 D2 - - -
TD4 - D2 - -
TD5 D3 - - -
TD6 - - - D3

Number of Developers / TP 3 1 1 1

Table 4: Distribution of 6 tasks and types of problems (TP) to the three developers (D)

4 participants evaluated (O), with 15 items; 4 participants evaluated (P), with 12 items, and 3 participants
evaluated (A), with 4 items. The evaluations were carried out using all the verification items belonging to
the Acc-MobileCheck TPs.

The evaluators who participated in the validation of the Acc-MobileCheck were asked to answer 10
questions regarding the System Usability Scale (SUS) questionnaire. SUS is a quantitative analysis method
created by Brooke [28] to assess the usability of products, services, hardware, software, websites, and any
other type of interface. The analysis considers the usability criteria suggested by ISO 9241-11 [29]: Ef-
fectiveness: “Can users complete their goals?”; Efficiency: “How much effort and resources are needed?”;
Satisfaction: “Was the experience satisfactory?”

The objective of SUS is to provide a general indication of the subjective usability level of a system,
so that it can be used for comparison with its competitors or its other versions [28]. This indication is
obtained through a questionnaire with 10 statements, for which the evaluator can choose between 5 levels of
agreement, from 1 (“strongly disagree”) to 5 (“fully agree”). Finally, it requires the following calculations:

1. In the answers to odd questions, the rating given by the evaluator will be subtracted from 1;

2. In the answers to even questions, the score will be 5 subtracted from the rating given by the evaluator;

3. All notes converted in the previous steps must be added;

4. The sum value must be multiplied by 2.5, resulting in the final SUS score.

The total validation period, including the application of Acc-MobileCheck and the response to SUS
questionnaires lasted 12 consecutive days.

5 Discussion about Evaluation

One of the most common way to use questionnaire data is to report them, describing the distribution of
the answers to each question or the most relevant ones [30]. Descriptive statistics must be appropriate.
In the case of categorical measures, it is necessary to display the frequency distribution of the responses
and, in order to summarize the result, the most frequent response is reported. In ordinal measurement
questionnaires, as in the case of measuring usability in systems, the average of the answers is reported to
summarize the result. An example is the SUS questionnaire, used to evaluate the Acc-MobileCheck. The
data obtained indicate that the lowest SUS average value was assigned by an expert (E1, with 52.5) and the
highest value was assigned by a developer (D3, with 100) as shown in Figure 2.

An analysis on SUS was proposed by Bangor et al. [31] in which, according to the evaluated criteria,
a system has a medium usability when it has a SUS score greater than 50.9 and a good usability, when
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Figure 2: The SUS scores assigned by the 3 developers and 5 experts, and their averages

Evaluator Type x TP C O P A
Developer 89.2 90 87.5 100
Expert 62.5 75 86.7 81.3

Average (TP) 75.85 82.5 87.1 90.65

Table 5: Averages of problem types (TP) by developers and experts

the SUS score is greater than 71.4. These values, here referred to as cut score, are highlighted in Figure 2.
Table 5 summarizes the comparison of the averages of evaluations.

The types of problems (TP) with the worst SUS rating by the evaluator, which were evaluated by the
same expert, both scored the same (E1, with 52.5 in (C) and (O). Thus, this score reduced the average for
the evaluations made by experts for (C) and (O), when compared to the evaluations for (P) and (A).

Considering the cut score proposed by Bangor et al. [31], in Figure 3 we can observe that all types of
problems scored within the medium usability (above 50.9) and three of them are classified above the score
considered good usability (71.4) by both groups of evaluators.

Figure 3: Average SUS score of problem types by type of evaluator

Regarding the scores, as can be seen in Figure 3, the biggest difference between the developer and expert
scores was given to the items of Acc-MobileCheck related to the (C) problem, differing in 26.7. The smallest
difference was given to the (P) problem, differing by only 0.8. Overall, the average SUS score (considering
all the types of problems) by the experts was lower than that of the developers.

As highlighted by Brooke et al. [28], the SUS score is a subjective measure of a system’s usability, used
to obtain an overview of its quality in this context. How to obtain each part of this measure depends on
the personal perceptions of each evaluator involved, and different results may occur. When considering the
average score of a large sample, possibly a very different result would not be decisive. Regardless of the
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number of evaluators, it is interesting to analyze the reason for a bad experience with the evaluated interface.
Following, we present comments provided by reviewers about their experience with Acc-MobileCheck.

E1 - “.... excessive information. I think it is better to separate the content description of its
set of guidelines from the evaluation tool. The interaction options (checklist and text box) were
“squeezed” by texts above and below, which are not always read. I would prefer separate screens,
one for describing the guidelines and another for checking them.

E2 - “I believe it would be interesting to be able to specify the task that was evaluated in
Acc-MobileCheck.”

D3 - “The questionnaire in general is simple to answer, with direct questions about the use of
the system as a whole. However, the requested tasks do not cover all issues.”

Analyzing E1’s comment, the reason is that, in fact, for experts in usability and accessibility, the ex-
planations are too much in each verification item can be exhaustive. D2 and E1 evaluators reinforced this
argument. D2 is the only non-expert on usability and accessibility among developers and has assessed the
same types of problems as E1, assigning different scores. Only D3 highlighted as a problem the existence
of issues not used in the task. Therefore, the importance of help texts for evaluators who do not have
specialized knowledge on the subject addressed in the verification items is justified.

Among the advantages of a checklist is the ease and low complexity of interpretation of the ques-
tions, allowing their application by evaluators with prior knowledge about the recommendations [32]. Acc-
MobileCheck is a checklist that aims to assist in assessing usability and accessibility in the process of devel-
oping mobile applications. It has simple questions and aid’s texts for possible doubts about each verification
item so that inexperienced evaluators in the subject can also use it.

In this sense, the observation about the experience with Acc-MobileCheck by evaluators with different
levels of knowledge about usability and accessibility shows progress in meeting the objectives of its purpose.

In summary, according to the Bangor et al. criteria [31], 87.5% of the evaluators (Figure 3) mentioned
that the checklist has good usability; the checks on all types of problems, on average between evaluators,
were also indicated with good usability (Table 5), as well as the general average.Although the sample space
is small, composed of 8 evaluators, the evaluations show signs of a satisfactory and positive result. Finally,
the total SUS average obtained among all evaluators was 84, considered as good usability, with a standard
deviation of approximately 16.7.

6 Conclusion

Methods for accessibility and usability evaluation of mobile applications have been proposed to meet the
current demand for quality development for a diverse and increasing population. However, the need for
a more objective method that addresses both usability and accessibility was the main motivation for the
Acc-MobileCheck. This checklist has 47 items of verification that consider problems about comprehension
(C), operation (O), perception (P), and adaptation (A) in interacting of mobile interfaces, in addition
to checking issues involving four types of disabilities: visual, hearing, intellectual, and motor. To validate the
Acc-MobileCheck, we have evaluated it with five experts and three developers. Through the development of
tasks and the answer to the SUS questionnaire, it was possible to obtain a positive result regarding the use
of the proposed checklist.

Considering the results and comments obtained from validation with experts and developers, we per-
formed a detailed review of all verification items of Acc-MobileCheck, to elaborate a new version of the
checklist. This new version included captions in abbreviations, explanations for technical and specific terms
(for example, assistive technology), definitions for the types of disabilities more related to barriers of the
problem types (C, O, P, A), etc.

Future work mainly keeps on the evaluation (conducting new case studies) of the new version of the Acc-
MobileCheck to observe if the changes made were sufficient, as well as to identify new points for improvement.
Besides, more mobile UIDPs should be selected to increase the scope of analyzes. Indeed, future versions of
Acc-MobileCheck have potential improvements to reflect it.
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