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ABSTRACT

The definition of an e-book is a book in an electronic format, which
can be beneficial to all readers, mainly those struggling with print
books because of their vision impairments. Nevertheless, the visually
impaired cannot access regular e-books because they do not meet
their unique needs, and they require a more accessible e-book to reach
the same expected advantages as those typically seen. Due to the lack
of a clear list of these needs, developers are not aware of the specific
requirements of the visually impaired for e-book applications. This
paper aimed to analyse the visually impaired usability requirements
for usable and accessible e-book applications. Three main activities

421



Journal of ICT, 22, No. 3 (July) 2023, pp: 421-447

were conducted: reviewing the literature, conducting an online survey
of the visually impaired, and comparing the two results obtained
earlier to acquire verified usability requirements. This study reviewed
current works on the usability and accessibility of e-books from 2010
to 2022. Besides, this study also conducted reviews on common
accessibility needs and standards for mobile applications. A total
of 24 usability requirements were identified from the literature and
compared with ten results from seven visually impaired respondents
using an online survey. With these verified usability requirements,
designers and practitioners can use them as a checklist to ensure all
needs are considered when designing mobile e-books for the visually
impaired.

Keywords: Accessibility, checklist, mobile e-book applications,
usability requirements.

INTRODUCTION

With the increased demand for digital information, e-books, and
e-readers, the importance of designing usable and accessible application
interfaces for users with different abilities intensifies (Ballantyne
et al., 2018). Mobile devices are increasingly used to read e-books
(Mei Kodama et al., 2021), and the primary beneficiaries are readers
with disabilities, such as the visually impaired (Patel & Morreale,
2014). Designers and evaluators must acknowledge concerns about
the visually impaired’s easy access to electronic resources (Hassouna
et al., 2017; Khan & Khusro, 2020). Nonetheless, countless users
with vision disabilities found mobile applications inaccessible
(Alajarmeh, 2021; Khan & Khusro, 2020). The National Federation
of the Blind (NFB) has also stated that many e-books fail to meet
the needs of visually impaired readers. Therefore, people with visual
impairments remain disadvantaged when it comes to accessing digital
resources (Bartalesi & Leporini, 2015; Khowaja & Fatima, 2019).

The lack of accessibility or the provision of only partial accessibility
in applications is a barrier for both individuals and businesses (Yan
& Ramachandran, 2019). Difficult-to-use applications will either
stress and frustrate users or cause them to abandon them in favour
of a more convenient and accessible alternative (Di Gregorio, 2021).
Researchers are increasingly concerned about accessibility because
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of the increased use of mobile applications. As a result of this trend, a
research field has emerged devoted to developing mobile applications
suitable for people with disabilities, such as the visually impaired,
who represent around 15 percent of the planet’s population (WHO,
2021). It has become increasingly critical to provide accessible
application functionality as people with disabilities become more
dependent on handheld devices (Yan & Ramachandran, 2019).
In the past, most accessibility research has concentrated on the
web, providing developers with guidelines and tools to implement
accessible websites (Abuaddous et al., 2017; Power et al., 2012; Vigo
& Brajnik, 2011). This is also true for web-based e-books, which
typically emphasise e-book content (format) accessibility (Baker-
Eveleth & Stone, 2015; Fahmy et al., 2012; Khowaja & Fatima, 2019).
Indeed, mobile applications have not been thoroughly examined and
remain an open research challenge (Alajarmeh, 2021; Di Gregorio et
al., 2022; Siebra et al., 2018; Yan & Ramachandran, 2019). The lack
of accessibility research on mobile e-book applications also exists,
as only a few usability evaluation models of e-book applications
consider application accessibility an essential factor to be evaluated
(Sulaiman & Mustafa, 2019). Additionally, evaluation studies in this
domain provide a few accessibility metrics, such as screen readers,
zoom, alternative text, and changing text configuration (Al-Qatawneh
et al., 2019; Senjam et al., 2021). Nevertheless, these metrics are
insufficient to offer a usable e-book application for visually impaired
users of mobile e-book applications (Siebra et al., 2018). Meanwhile,
few studies have considered and identified the usability requirements
of e-book applications for the visually impaired (Shin et al., 2017).
Therefore, this study will address the gap in the usability requirements
of accessible e-book applications for the visually impaired.

The requirements of a system are the features or behaviours it should
exhibit according to the stakeholders (Zachariah & Nonyelum,
2020). Designing with user needs and limitations in mind is critical
to develop a clear understanding of their requirements for tasks (Al-
Megren & Almutairi, 2019). Identifying the visually impaired’s user
requirements for the application at an early stage of development is
vital to ensuring that the developed application is used and benefitted
by them (Nathan et al., 2016). However, there is no concrete and clear
list of these requirements. Therefore, through a literature review and
survey, this paper aims to analyse usability requirements for usable and
accessible e-book applications for the visually impaired. Literature
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that focuses on examining and developing e-books that reflect the
perspective of visually disabled people is carefully reviewed to define
the requirements. Besides, the study reviewed the current guidelines
and requirements for general mobile applications to address the
requirements more deeply. Moreover, the study surveyed visually
impaired students at one local Malaysian university.

There are several sections in this paper, beginning with a brief
introduction. Following that is a review of previous works and
the methodology section. The final part outlines the results and
conclusions.

LITERATURE REVIEW

Several research communities are increasingly interested in the topic
of accessibility, including software engineering and human-computer
interaction. Different perspectives on the problem can be explored
through these multidisciplinary research opportunities. This section
presents the state of the art of mobile application accessibility and
accessible e-book application usability for the visually impaired. Even
though accessibility principles and guidelines have been explored in
the context of web applications for a long time, they are still largely
undefined for mobile applications (Di Gregorio et al., 2022). The
term “mobile accessibility” refers to the process of creating mobile
applications and mobile websites that are more accessible to users
with disabilities (W3C, 2018). Guidelines on accessibility for people
with disabilities and the elderly are available for several electronic
systems. For instance, the IBM Human Ability and Accessibility
Centre provides guidelines to help create accessible web, mobile,
and desktop applications for people of all abilities (IBM, 2019). The
accessibility checklist is based on the revised Section 508 standards,
the EN 301 549 standard in Europe, the Worldwide Web Consortium
(W3C) recommendations, and IBM Research best practices. In
addition, Pernice et al. (2001) proposed a set of 75 guidelines for
web accessibility. Many of these guidelines would make web designs
accessible to everyone.

With the increasing use of mobile devices by the visually impaired, it
is critical to create solutions and applications for this group (Ghidini
et al., 2016). Most of the solutions found in the literature enable
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accessible interactions by accepting gestures as inputs and providing
speeches, audios, and regular tactical feedback as outputs (Piccolo
et al, 2011; Power & Jiirgensen, 2010). Based on participatory
interviews, Kane et al. (2011) proposed a set of accessibility guidelines
for touch-screen-based applications for both blind and sighted users.
Nonetheless, it focused only on a common situation associated with
selecting gesturing designs for visually disabled people (Siebra et al.,
2016). Arroba et al. (2011) introduced a novel methodology and a
set of guidelines for developing accessible touch-screen platforms
for visually impaired users. In a research performed by Piccolo et
al. (2011), a focus group session was conducted with the visually
impaired (blind and partially sighted) to identify a set of guidelines
for developing an accessible software solution. Buzzi et al. (2012)
studied the accessibility problems faced by blind users, mainly
when they are interacting with mobile learning applications using
touch-screen mobile devices. The study discussed aspects that must
be considered, such as using standard user interface elements and
providing alternative interaction modalities. These studies addressed
general mobile application guidelines and requirements that may
enhance the usability and accessibility of mobile applications.

Mi et al. (2014) designed a general heuristic checklist for accessible
smartphone devices; however, this study did not classify the types
of disabilities to better frame their requirements (Siebra et al.,
2016). To address the limitations of previous studies, Siebra et al.
(2017) identified requirements associated with various categories of
disabilities. In addition, Siebra et al. (2015) identified 13 requirements
based on semi-structured interviews and a systematic literature review
for accessible mobile applications for visually impaired users. These
requirements were classified into six for blind users, six for low/limited
vision users, and one for the visually impaired. In Siebra et al. (2016),
these 13 requirements were classified into essential (9), desired (2), and
not observed (2) based on an observation analysis. Kim et al. (2016)
examined the interactions of camera-based mobile applications. They
discovered that accessible applications for the visually impaired could
be created by providing a simplified structure, maintaining consistent
user interface layouts, and increasing configurable settings.

Ghidini et al. (2016) studied approaches to an interaction that could
be used easily by visually impaired users. The outcomes indicated
that mobile devices, particularly smartphones, must deliver proper
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feedback, have a simple design for simple interaction, and have
the ability to find the application’s options and features. According
to Alajarmeh (2021), mobile touch-screen devices can present
persistent accessibility-related challenges to visually impaired users.
These problems were examined to see if WCAG 2.1 sufficiently
addressed them. According to the study, mobile apps and websites
are still developing without considering crucial accessibility issues.
WCAG 2.1 defined many of these problems, but some lack relevant
success criteria or do not meet required conformance levels. While
WCAG 2.1 contained several mobile-oriented guidelines, mainstream
mobile content showed scant adherence to these guidelines despite
their existence. As a result of these findings, WCAG 2.1 needs to
be improved to better accommodate the needs of users with visual
impairments using mobile touch-screen devices.

In a study by Di Gregorio et al. (2022), accessibility guidelines for
all categories of disabled users were tested in 50 Android-based
applications. It was found that most of the best practices were not
implemented within applications. After conducting eight semi-
structured interviews with 75 developers, the study showed that
accessibility was considered necessary even though developers faced
several socio-technical barriers that prevented them from applying
the accessibility guidelines. Nevertheless, the study did not classify
the guidelines according to disability types, which made it difficult
for the developers to consider all the guidelines for one category of
disability, like vision disability. People with vision impairments have
unique requirements to be able to interact with mobile applications. It
is possible for such a requirement to cause a gap between the ideas of
developers and the needs of people with visual impairments. In this
case, the applications were either not adopted or not enrolled (Senjam,
2021). Even though there are some recent studies that proposed
accessibility requirements and checklists for mobile applications, they
did not cover specific mobile applications, such as e-book applications
for the visually impaired.

An accessible e-book for visually impaired users allows them to use
the e-book and achieve the same benefits as individuals with normal
vision with approximately the same effort (Texas School for the Blind
and Visually Impaired, n.d.). Therefore, screen reader software should
be able to read each element of e-book application interfaces, such
as menus and icons. An accessible name (a brief description) must
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accompany each user interface element (Ghidini et al., 2016; W3C,
2017). Another essential requirement is an accessible format. Screen
readers will not function and read e-contents correctly if the format
is inaccessible (Axtell et al., 2018; Bonnici et al., 2015; Maatta &
Bonnici, 2014). There are two basic formats for e-books: fixed
layouts, such as PDF files, and fluid formats, such as ePub, MOBI,
and IBA (Walton & Hailey, 2015). Nonetheless, fluid formats are
ideal for handheld devices (Zeng et al., 2016) and even preferable for
users with visual disabilities (Axtell et al., 2018). Even so, concerns
remain about the accessibility of content, including pictures without
descriptive text and inaccessible PDF files (Southwell & Slater, 2012).
In addition, if the content is not properly marked up, the e-book will
remain unavailable (Lazar et al., 2015).

Numerous e-book applications provide a Text-to-Speech (TTS)
feature, which addresses the accessibility limitations of written
books (Attarwala et al., 2012; Munteanu, 2013). Besides, TTS can
enhance the understanding of the visually impaired (Balajthy, 2005).
Nonetheless, TTS is a computer-based speech that is sometimes
difficult to understand (Axtell et al., 2018). For this reason, TTS
has been configured in many ways to enhance its effectiveness. For
example, the synchronisation of the highlighting of words being
read helps in improving focus and comprehension (Balajthy, 2005;
Biancarosa & Griffiths, 2012). Other features, such as TTS voice
volume and speed adjustments, are also important because different
users have different listening abilities that affect their comprehension
(Curts, 2016; Power & Jiirgensen, 2010). In addition, these TTS
settings are frequently used by the visually impaired, namely voice
pitch (45%), speed (75%), and volume (70%) (Shin et al., 2017).
Furthermore, the customisation of TTS voice (such as male or female
voice) must be available to suit the preferences of visually impaired
users (Power & Jiirgensen, 2010). Consequently, TTS improves
the accessibility of e-books, and developers must be aware of the
importance of such a feature for a more accessible e-book application
for the visually impaired.

The production of accessible e-book applications for the visually
impaired requires many accessibility features. Some examples include
text enlargement, text and background selection, colour contrast,
and support for different input techniques, such as voice commands
(Axtell et al., 2018; Minatani, 2017). Additionally, the user interfaces
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need to be as simple as possible to make accessing electronic content
easy (Southwell & Slater, 2012). In this context, a user-friendly
navigation design contributes to making the application easier to
use for the visually impaired, especially when a learning process
is involved (Minatani, 2017; Shin et al., 2017; Southwell & Slater,
2012). Learners must be able to read sequentially, move instantly over
the content, and make annotations (Buzzi et al., 2012). Fortunately,
e-books provide interactive features such as search, navigation,
and editing tools. They also support hyperlinks, bookmarking, and
annotations, which are advantages over print books (ChanLin, 2013).
It is clear that e-books, as a specific type of application, have features
and requirements that need to be clearly identified and reported.

Recently, several studies proposed usability requirements and
guidelines for accessible mobile applications and declared them in
terms of checklists, classifications, and guidelines. Unfortunately, few
e-book studies thoroughly identified the usability requirements for
accessible mobile e-book applications for the visually impaired (Shin
et al., 2017). This outcome encourages the current study to perform
a future analysis of the guidelines and requirements for mobile
applications and e-book applications for the visually impaired and
generate a list of accessibility requirements that cover both mobile
and e-book accessibility requirements for the visually impaired. These
requirements can be used to guide the developers and evaluators
of these applications. The adoption of these requirements can lead
to more usable and accessible e-book applications for people with
vision impairments, which will increase the number of users of such
applications. Literature that was analysed in deriving the usability
requirements is listed in the Results Analysis and Discussion section.

METHODOLOGY

Identifying user requirements is very important, as they are critical in
ascertaining user interface usability satisfaction for any application.
This study reviewed the usability requirements of accessible mobile
e-book applications designed for users with vision impairments. As
a first step, the study conducted a literature review to summarise the
current state of the art on the topic. This topic focuses on the usability
requirements for accessible mobile e-book applications for the visually
impaired. Following are the activities performed along these steps:
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2

Reviewing the literature: The current state of the art on the
topic was summarised in this step. Papers were identified by
searching academic and commercial databases (e.g., ACM
Digital Library, Scopus, ScienceDirect, Google Research
Databases, Research Gate). During this step, 50 scientific and
technological articles were analysed from 2010 to 2022. The
authors also used the snowball method to identify additional
papers from existing articles’ reference lists (Wohlin, 2014).
The objective was accomplished by compiling a list of mobile
usability guidelines and requirements for mobile applications
for the visually impaired and mobile e-book applications.
The study excluded any usability requirements of mobile as
a device and any requirements related to operating systems,
as the scope of this study was only on application interfaces.
Besides, many assistive technology hardware solutions, such
as Braille Keypads and Braille Displays, are available for
visually impaired users. However, their usage is not common
primarily because of their costs (Siebra et al., 2017). Therefore,
this study excluded any requirements that depended on such
external devices. Requirements regarding the creation of the
book content were also excluded because the scope of the
application was only the interface and functions.

Online survey: In confirming or extending the initial list, an
online survey was used to collect information from real visually
impaired users, as conducted by Piccolo et al. (2011). As part
of the study, seven visually impaired students from a local
university participated in an online survey. As similar studies
had only five participants, this response rate was still acceptable
(Siebra et al., 2015). Purposive sampling is employed when
working with a small sample size, and it is widely used to
identify available individuals to give information based on their
experience (Saunders, 2012; Saunders et al., 2009). The survey
contained open-ended questions sent electronically instead of
using traditional distribution methods like paper, as it can be
quite challenging. Some of the questions were adopted from
Nathan (2017), and this study added the remainder to cover
other reading issues related to print and electronic books. The
instrument used in this study collected some demographics,
such as gender, age, mobile experience, and degree of vision
impairment. Additionally, open-ended questions, such as
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mobile application usage and difficulties, e-book usability, and
accessibility issues, were added to the survey. Content analysis
software was used to analyse the comments and identify
the usability requirements based on the survey answers and
comments. The relevant statements have been grouped into
nodes based on the written transcriptions to represent the
usability requirements.

Requirements Consolidation: The wusability requirements
from the papers and online survey were analysed together to
generate conclusions about their use and significance. Finally,
the requirements from the online survey were compared with
the requirements from the literature to confirm or add new
requirements. After this analysis, a checklist of usability
requirements was developed, which can be used in two
directions. As a first step, the checklist can evaluate current
accessible e-book applications for the visually impaired to
determine their level of usability. A second use of this checklist
will be to guide the development of applications and evaluate
novel ideas. Figure 1 shows the methodology of this paper.

Figure 1

Research Procedure

Step1: 1 50 articles (2010-2022)
Reviewing the ].iteralureJ Z were analyzed

Step2:
Conducting open-ended
Online Survey

Seven Visually impaired
Students were interviewed

Step3:
Consolidating the
Requirements

Comparing and analyzing the
results from step 1 & 2

Checklist of
Requirements

i l

Evaluate Guide
current accessible e-book the development of
applications for the visually applications and to
impaired evaluate novel ideas
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RESULTS ANALYSIS AND DISCUSSION

Visually impaired users depend on the power of information,
communication, and technology (ICT) software to interact with
digital interfaces (Southwell & Slater, 2012). As ICT software,
e-books provide a new avenue for learning for the visually impaired.
Therefore, addressing the requirements of the visually impaired for a
usable and accessible mobile e-book application is essential. Based on
the reviewed literature, this study identified 24 usability requirements
that were considered important for developing easy-to-use and
easy-to-access mobile e-book applications for people with vision
disabilities. Table 1 summarises these requirements.

Table 1

The Usability Requirements of Visually Impaired Users for Accessible
E-Book Applications

Req No. Description Source

R1 Compatible with screen reader Hassouna et al. (2017),
Khowaja et al. (2019), Mi et
al. (2014), Sicbra et al. (2016;

2017; 2015)

R2 Provide a meaningful Di Gregorio et al. (2022),
alternative description to non-  Hassouna et al. (2017), Siebra
text interface elements et al. (2015;2017; 2016)

R3 When a character is tabbed, Di Gregorio et al. (2022),
the application reads its name  Mi et al. (2014), Siebra et al.
aloud (2016; 2015; 2017)

R4 Provision of a clear spoken, Mi et al. (2014), Siebra et al.

haptic, or even sound feedback (2016; 2017; 2015)
for all actions/interactions

R5 Users can stop feedback Ghidini et al. (2016), Mi et al.
(2014)
R6 Support for easy usage of Shin et al. (2017)
multiple device platforms
R7 The applications must support Buzzi et al. (2012), Siebra et

customisations and prevent al. (2016; 2017; 2015)
adjustments in user-defined
settings

(continued)
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Req No. Description Source
R8 The interface elements Buzzi et al. (2012), Di
presented are standard, Gregorio et al. (2022), Lanyi
reasonable, and suitable for the (2017), Shin et al. (2017)
small screen on mobile devices
R9 The application supports Di Gregorio et al. (2022),
various input methods such as  Ghidini et al. (2016),
voice commands McNaught et al. (2010), Shin
etal. (2017)
R10 The user interface should Buzzi et al. (2012), Mi et al.
employ various gestures to (2014), Piccolo et al. (2011),
perform actions instantly Shin et al. (2017)
R11 Users can navigate book Leporini et al. (2012), Mune
contents randomly (i.e., by and Agee (2015), Pearson et al.
using a table of content, (2010), Piccolo et al. (2011),
page number, forward and Richardson Jr and Mahmood
backward, or navigation bar)  (2012)
R12 Consider physical access to Piccolo et al. (2011)
main features such as play and
pause TTS
R13 Provide navigation via Lim et al. (2012), Shitkova et
shortcuts to frequent functions al. (2015), Siebra et al. (2015)
R14 Support for various e-book file Junus (2012), Shin et al.
formats (pdf, txt, word, ePub) (2017)
R15 Text and background attributes Axtell et al. (2018), de
can be customised (i.e., size, Oliveira et al. (2018), Di
colour, font type, line spacing) Gregorio et al. (2022), Mune
and Agee (2015), Shin et al.
(2017), Siebra et al. (2017)
R16 Zooming/Magnification tools ~ Mune and Agee (2015),
Rogers and Draffan (2016),
Siebra et al. (2015; 2017)
R17 In the case of a locked screen  Shin et al. (2017)
or unintentional termination
of the application, continuous
reading is carried out
R18 Adjustable brightness and McLaughlin and Kamei-

contrast

Hannan (2018), Ribeiro et al.
(2019), Rogers and Draffan
(2016), Siebra et al. (2017)
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Req No. Description Source

R19 Support TTS Attarwala et al. (2012),
McNaught et al. (2010),
Munteanu (2013)

R20 Users can adjust the setting Curts (2016), Power and
of TTS to their preferences Jiirgensen (2010), Shin et al.

(voice, volume, speed) (2017)

R21 Synchronisation of the Axtell et al. (2018), Biancarosa
highlighting of the words being and Griffiths (2012), Epp et al.
read (2017), Munteanu (2013)

R22 Users can search book contents Jardina & Chaparro (2015),

Mune and Agee (2015),
Richardson Jr and Mahmood
(2012)

R23 Users can make annotations Jardina and Chaparro (2015),
(take notes, highlight, or Mune and Agee (2015), Zhang
bookmark) etal. (2017)

R24 Users can view annotations Jardina and Chaparro (2015),
easily Pearson et al. (2010)

It is clear from Table 1 that the usability requirements for the e-book
interface for visually impaired users are mainly related to the
needs to access the application interface, control the appearance of
e-book content in a way that is perceived by the visually impaired,
simulate the process of reading in paper books, navigate the e-book
content easily, and provide accessible features for reading purposes.
Accessibility features, such as text enlargement, compatibility with a
screen reader, TTS, and high contrast, are among the essential features.
Besides, like any ordinary book reader, visually impaired users need
to use functions that facilitate the reading process, such as navigation,
annotations, and search. Therefore, designers should consider these
requirements and provide clear spoken feedback for all interactions,
as specific mobile applications might be inaccessible at the usage level
due to poor design (Ballantyne et al., 2018). The study conducted an
online survey with seven students from a local university to confirm
or extend these requirements. The study administered the survey via
email or WhatsApp to the students. The study wrote the questions in
a Word document so that the participants could change the setting
of the text to suit their vision needs, and it could also be read by
screen reader applications. Table 2 summarises the demographics of
the participants.
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Table 1

Participants’ Demographic

No. Gender Age Type of Vision Impairments Cause of Impairment

Pl Male 24 Low vision (Severe) Optic nerve inflammation
P2 Female 25 Blind one eye Not provided

P3 Male 23 Low vision (Moderate) Since birth

P4 Male 21 Blind one eye Since birth

PS5 Female 23 Blind one eye Incident from childhood
P6 Female 27 Blind Since birth

P7 Male 22 Low vision (Severe) Hereditary

Table 2 shows that the age of all the students ranged from 21 to 27 years
old. Three of them were male, and four were female. One student was
born blind, three had low vision, and three were blind in one eye. Three
of these individuals had had the impairment since birth, while the
others attributed it to various causes, such as optic nerve inflammation,
hereditary, and childhood incidents. All these students used mobile
devices and computers. The interviewees were asked to describe their
general experiences and challenges with mobile applications and
e-books. The study also used the WhatsApp application to survey a
blind student online to learn more information. Table 3 demonstrates
the significant requirements that the participants had identified.

Table 2

Accessible Mobile E-book Apps Usability Requirements Gathered
from Online Survey

No. Requirements Participant No.
1 Compatible with the screen reader P1, P6, and P7
2 Easy to navigate P1 and P6

3 Easy to search for book content P6

4 High brightness P6, P1, and P7
5  High contrast P1

6  High-quality sound P2 and P3

7  Clear text P5

8  Text enlargement P1, P3, and P7
9  Text-to-Speech (TTS) P1 and P7

10 Zooming P3 and P7
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Table 3 showed ten usability requirements from the online survey. Low-
vision participants (participants with moderate vision impairments)
made use of features like text enlargement and zooming (R 16) to
use mobile applications and read the content (Rogers & Draffan,
2016; Siebra et al., 2017, 2015; Woodward, 2014). Furthermore, the
TTS (R 19) feature that converted written words into spoken ones
(participants with severe vision impairments) was valued (Mune &
Agee, 2015). The participants declared the importance of the clear
sound of the reading text (TTS), which made the text accessible and
understandable for them (Curts, 2016). Reading comprehension was
improved by controlling the properties of TTS in terms of sound,
speed, and volume, where different people had different levels of
vision impairments. Therefore, different settings were needed (R
20) (Power & lJiirgensen, 2010; Shin et al., 2017). Likewise, low-
vision participants claimed they used the high contrast and brightness
feature for easier mobile phone use (R18) (McLaughlin & Kamei-
Hannan, 2018; Ribeiro et al., 2019; Siebra et al., 2017). Compared to
the moderate vision impairment users, the blind participant and severe
vision users relied more on the screen reader strategy (R1, R2, R3) and
valued the brightness adjustment feature since they could still perceive
light (R18) (Hassouna et al., 2017; Khowaja et al., 2019; Siebra et
al., 2017). Despite this, PDF readers still present some challenges
due to their nature and limitations; for example, screen readers may
render unsearchable text and unreadable images (R14, 22) (Junus,
2012; Shin et al., 2017). The ability to navigate the e-book content
was also stressed by the participants, whereby sequence navigation
might add more difficulties and waste users’ time, especially those
who use screen readers (R 11, 12, 13) (Mune & Agee, 2015; Shitkova
etal., 2015; Siebra et al., 2015). A comparison (mapping) between the
requirements collected from the survey and the literature review is
presented in Table 4.

435



Journal of ICT, 22, No. 3 (July) 2023, pp: 421-447

Table 3

Mapping the Requirements from Literature Review and Online Survey

Requirements from Online
Survey

Requirements from LR

Compatible with the screen
reader

Easy to navigate

Easy to search for book content
High brightness

High contrast

High-quality sound

Clear text
Text enlargement

Text-to-Speech (TTS)

Zooming

R1) Compatible with screen reader

R2) Provide a meaningful alternative
description to non-text interface
elements

R3) When a character is tabbed, the
application reads its name aloud

R10) The user interface should employ
various gestures to perform actions
instantly

R11) Users can navigate book contents
randomly (i.e., by using a table of
content, page number, forward and
backward, or navigation bar)

R12) Consider physical access to main
features such as play and pause TTS
R13) Provide navigation via shortcuts to
frequent functions

R24) Users can view annotations easily
R22) Users can search book contents
R18) Adjustable brightness and contrast

R20) Users can adjust the setting of
TTS to their preferences (voice, volume,
speed)

R15) In the case of a locked screen

or unintentional termination of the
application, continuous reading is
carried out

R19) Support TTS

R16) Zooming/Magnification tools

Based on Table 4, 14 requirements from the literature review were
supported by the findings from the online survey. In contrast, ten
requirements were still not confirmed, namely R4, R5, R6, R7, RS,
R9, R14,R17, R21, and R23. The study believed that the main reason
was that the sample was small. There is also a need for other evaluation
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methods that are more effective than the online interview, such as
the lab-based usability test, think-aloud exercises, and observation
techniques (Alvarez et al., 2017). These techniques will enable the
discovery of a larger number of problems that are related to the
presentation, organisation, and behavioural requirements (Shera et al.,
2021). In addition, the study found that even though one-eye blindness
is a visual impairment (Abdullah et al., 2017), the participants in
this study considered themselves normal-sighted, and they did not
experience any problems with mobile applications because of such
impairments. They had developed specific skills despite only having
one working eye since they were very young. However, the loss
of one eye can interfere with tracking moving objects, accurately
determining distances, and sensing depth. They must learn to actively
acquire information with one eye and other senses (Whitaker, 2013).
Therefore, the study did not recommend considering such types of
vision impairments in future studies since the feedback gained in this
study was minimal. Since accessibility requirements cover different
types of vision impairments, this result makes sense. Accordingly,
sufficient participants representing different levels of vision
impairment are needed to validate the proposed requirements.

CONCLUSION

Mobile devices, coupled with ongoing technological advancements,
have led to a growth in mobile applications, including e-books.
Despite the importance of usability for smartphone design, few studies
have examined how mobile applications are accessible. This research
aimed to advance the state of the art for accessible e-book applications
by providing a verified usability requirement list. An analysis of the
literature was conducted to determine the usability requirements for
accessible mobile e-book applications for the visually impaired. The
findings of the study identified 24 usability requirements related to
appropriate accessibility for mobile applications and e-books for
users with vision impairments. Seven visually impaired individuals
were interviewed to confirm or extend the requirements collected.
According to the results, accessibility was perceived as necessary.

Nevertheless, confirming certain requirements was impossible due to
the small sample size and the need for multiple evaluation methods.
The identified challenges should guide future research on this topic.
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More participants, face-to-face interviews, lab-based usability tests, a
survey of mobile e-book developers on accessibility challenges, and an
assessment of how accessible mobile e-book applications implemented
the identified requirements may be included in future research to gain
more insight. Finally, this study focused on the usability requirements
of the e-book application in terms of interacting with the application
for ease of use and access during reading. Therefore, further research
can identify other requirements regarding user experience, which
may include many aspects, such as the interaction requirements for
usable and accessible e-book content and other requirements for using
external assistive devices or the physical needs of the mobile device.
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