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Abstract: Blind and visually impaired (BVI) users often have interface accessibil-
ity problems while using mobile applications. This study was conducted to reduce
the cognitive effort required for interface navigation by identifying the accessibil-
ity issues according to the user’s mental model. The study evaluated the accessi-
bility of smartphone screens to solve organizational, presentation, and behavioral
(OPB) problems of using mobile applications. Usability evaluation of an applica-
tion was conducted and validated with a specific focus on BVI user experience. A
total of 56 BVI participants were included in the evaluation. Overall, four tasks to
assess organization, avoidance of redundant information, serialization of content,
and style and text presentation were assigned to the selected participants for a
newly developed smartphone application. Ethnography, task completion within
a specific time, and system usability scale (SUS) techniques were used for analy-
sis and post-task evaluation. The results showed that the organization of the appli-
cation was 100% effective for both blind and visually impaired participants. The
efficiency of visually impaired participants was better than blind participants. The
highest level of satisfaction among the blind participants was with the presenta-
tion (with a score of 87.62), and the highest level of satisfaction among the
visually impaired participants was with the organization and presentation (with
a score of 89.21 in each category). Overall, this study indicated the application
reduced the severity of OPB problems, offering higher usability with increased
satisfaction level and enhanced effectiveness and efficiency for BVI users.
Furthermore, the calculated results were provided a significant solution of OPB
for BVI users. Hence, this study provides design and development guidelines
based on a practical evaluation to overcome the smartphone application accessi-
bility problems of BVI users.
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1 Introduction

Usability evaluation of applications, interfaces, websites, and devices has become a significant research
concern in the domain of human—computer interaction (HCI). The term usability can be defined as the ease
with which users can interact with an application, interface, website, or device without formal training.
Accessibility, a subset of usability, is the feature of services and products providing ways for individuals
with special needs to use the services and products. The initial focus of accessibility for blind and
visually impaired (BVI) people was providing the capability of interaction with touchscreen smartphones
in executing daily routine tasks such as reading text and identifying colors and objects [1].

Mobile applications have growing features and functions, but the screen size of mobile phones and
limited input/output interface capabilities make it quite difficult to design accessible mobile applications
for BVI users. Accessing and using information from websites and desktop and mobile applications by
BVI people is not an easy task. Desktop and mobile websites and applications should have customized
usability features for BVI users to support their learning process.

In recent years, smartphone applications have become ubiquitous in everyday life. Numerous tools and
techniques are available to enhance the usability and accessibility of websites and applications for the BVI
community. Companies have developed computers and laptops with specialized settings to make the systems
more usable for BVI users. Similarly, touch-sensitive user interface designs, such as in mobile applications,
can help BVI users navigate applications. Voice input mechanisms, speech recognition, windows natrator,
and HTML 5 vibration APIs are some tools that enhance accessibility for BVI people. Other accessibility
tools include smartphone applications like TalkBack, which is a screen reader, and Voice Access and
Google Assistant, which enable tasks to be completed via voice commands. Some of these methods were
not specially designed for blind users but have been widely adopted by BVI people [2]. However, many
accessibility problems have been identified with voice command and screen reader applications,
particularly limited functionality. To optimize efficient and effective usage, user interfaces should be
specially designed to provide usability and accessibility to the BVI population.

Although different methods have been presented in the literature to overcome interface accessibility
hurdles for BVI people [3], there is a lack of an organized approach to improve the usability and
accessibility of smartphone applications. Mobile applications have expanded many features and functions,
but the screen size of mobile phones and limited input/output interface make it difficult to design mobile
applications for the BVI population. To gain the acceptance of BVI users, the design attributes for BVI-
friendly user interfaces should be included in the development of mobile applications. Therefore, BVI
user behavior and usability must be thoroughly assessed and understood to optimize the design attributes
for accessible interfaces.

Despite the extensive literature on the usability and accessibility of websites and smartphones, many of
their functions are inaccessible to BVI users as a result of companies not insisting their designers adhere to
accessibility guidelines in developing the websites and applications. Furthermore, many accessibility
guidelines are available, but there are no practical studies on solving OPB problems in mobile applications.

In this study, accessibility and usability problems were divided into three main categories encompassing
critical OPB problems:

e Accessibility problems in the organization of the application, including lack of logical structure, page
content serialization, and information overloading.

e Accessibility issues at the presentation level, including the layout, style, and text presentation.

e Behavioral accessibility issues, including the listing of redundant information.

The aims of this study were to solve the abovementioned OPB problems and develop a mobile
application with a novel interface for BVI users with improved accessibility features. The objectives for
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the novel interface were to reduce the effort of the BVI users while executing different tasks on the mobile
application by incorporating accessibility in the user interface design. A user centered design (UCD) process
model was used to validate the user experience based on the effectiveness, efficiency, and satisfaction of BVI
users. By describing the methods used to solve accessibility and usability problems, this study provides
design and development guidelines for BVI-friendly user interfaces.

The accessibility of mobile applications is important because it provides access and services to BVI
users. The mobile applications with accessible problems can result in a poor user experience and
dissatisfaction. The structural parameters such as information overload, structure serialization, layout
presentation style, and text presentation are shown in Fig. 1, for accessibility problems. The screen reader
crash and redundant information at presentation level can create conflict for BVI users to access the
desired contents.

Information Overload

Organization of Screen Reader
Application Crash

Structure Serialization

Accessibility Problem

Layout Presention
Style

Issues at Redundant
Presentation Level Information

Text Presentation

Figure 1: Accessibility problems

2 Literature Review

Touchscreens are not inherently accessible for BVI users. Some solutions to the lack of accessibility
include gesture control systems [4], screen reader services (e.g., Apple with VoiceOver, and Android with
TalkBack), and text to speech systems. Other tools include the option for large text, screen magnifiers,
adjustable color contrast, adjustable screen brightness, accessibility shortcuts, and virtual assistants such
as Google for android and Siri for Apple. These services permit BVI people to operate smartphone
interfaces. For example, a screen reader can help a blind person figure out where to tap the screen.

Although current smartphoneshave built-in accessibility features that can help the BVI community to
execute their daily routine tasks, many websites and applications remain partly or completely
inaccessible. Enabling considerable accessibility is a challenge because of diversity in features such as
change in user requirements, interaction, and development issues. A previous study developed a blind-
friendly accessible user interface where simple activities were performed on smartphones. Based on the
feedback of 41 blind participants, the interface provided an improved user interaction experience with
smartphones [5].

In reference Park et al. [6], the authors developed an e-book application based on a new standard of
accessibility for blind users. To identify the most problematic accessibility domain, the authors performed
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an accessibility test on 50 commercial electronic books in Korean E-market. Based on these standards, some
implications and guidelines were proposed for developing and writing e-books.

Another study [7] was conducted to improve the usability of digital librariesfor BVI users to lessen help-
seeking situations. In reference Guerrdn et al. [8], researchers compared the patterns of different interfaces.
They compared four interfaces for gestures and three interfaces for beep and voice while examining the
unknown spaces. The main goal of their research was to determine which interface was more effective
and efficient at identifying, locating, and detecting objects and structures in unfamiliar situations. The
findings of their research showed that the voice interface was considered a more significant interface for
effectiveness, efficiency, and cognitive mapping.

The authors in reference Igbal et al. [9] defined an input method for text called “Braille Enter.” This
method provided non-visual interaction support on the touchscreen interface by using one finger. They
found that using one finger for interaction on the touchscreen was more accessible for BVI users.

2.1 Problems with Organization of Applications

In Tab. 1, the flaws and key features of some mobile applications based on the experiences of BVI users
are presented.

Table 1: Mobile applications comparison of BVI users

Name and Category

Key Features

Flaws

Smart Braille
(Text to speak)

Envision Al
(Text to speak)

Al Misbah: Education for
Blind

(Educational)

Blind People Game
(Memory game)

Blind Mini Games

Text reader
Read text through camera

Read instantly
Read text instantly
Read documents
Read handwriting
Describe scenes
Scan barcodes
Detect colors

Lessons
Audio about topics

Inbuilt step-by-step voice
Instructions for blind

Inbuilt step-by-step voice
Instructions for blind

Cannot be used without TalkBack
Too much redundancy

Reads empty spaces

Reads empty spaces

Redundancy

Cannot be used without TalkBack
No text to speech
Navigation flaws

Instructions are not properly
communicated

Some directions are confusing

Organization of an application refers to the conceptual structure of the system that regulates the task flow.
The researchers in references Inostroza et al. [10,11] suggested that an interface should follow a predictable task
process and have an easy structure that is simple to explore. Structure refers to how information content is
displayed on a mobile screen. The information available on the mobile application should be accurate and
up-to-date. Furthermore, system quality perception (navigational structure and visual appeal) and elements
for web design (navigation, information, and visual) have a significant effect on user trust [12,13]. Mobile
applications should provide good navigation facilities to complete a task accurately and in a reasonable
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amount of time. Therefore, for BVI users, accessibility and usability principles suggest that the organization of
the application must be intuitive and explicit even when presented through audio.

Furthermore, when the contents of a screen are presented in serial order, this can create information loss
by increasing the cognitive load and confusing BVI users. Screen readers only support the text written in the
serial order that is associated with a natural reading process. For BVI users, it is difficult to listen to and
understand figures, tables and MCQs by using screen readers. Therefore, the text should be formatted in a
way that requires a specific reading order for figures, tables, and multiple-choice quizzes [14,15].
Minimal information about visual content in an interface prevents BVI users from being able to identify
the task flow and perform tasks quickly.

There is a great need to solve the abovementioned issues, such as by indicating the screen layout and
content organization through voice input and audio.

2.2 Problems with Behavior of Applications

Common problems BVI people face with user interfaces are screen readers crashing during
accomplishing tasks on websites and applications. Sometimes the audio of a screen reader can only cover
some portions of applications. Another problem is when blind people are compelled to listen to the
navigation bar (page title/header) before detecting the page content in applications. To avoid listening to
redundant information and to overcome the conflict or crashing issues that arise with screen readers, there
is a need for a mechanism that will customize applications.

Another paper addressed the issues visually impaired users encounter while surfing the Internet by using
screen readers. The authors compared different state-of-the-art screen reader tools that were used for the
accessibility of visually impaired users [16].

2.3 Problems with Presentation of Applications

The authors in reference Lee et al. [17] introduced a checklist of accessibility problems that provided
guidelines and implications. It is important to represent the layout and style accurately when people use
applications. As BVI user presentations are based on voice modality, the audio and text representations in an
interface are critical factors of usability and accessibility while developing the application for this population.

Display functionalities and contents are limited on mobile phone screens compared to computers due to
their smaller size. It can be problematic for the blind and visually impaired when information is overloaded
on screens. Moreover, certain application layouts can confuse screen readers. Furthermore, page content
serialization and certain website structures can complicate accessibility for BVI users.Well-designed
websites and their contents play an important role in attracting the attention of users. In the electronic
world, users interact with websites and applications through an interface, so a well-designed and well-
organized interface is key to user satisfaction.

The good quality of an interface design is important for the success of a website [18]. The authors
proposed a system in reference Khairnar et al. [19] that effectively assisted the visually impaired. Their
system consisted of a simple architecture and different modules, which made it easy to use. This system
could assist visually impaired users to detect and recognized obstacles. Similarly, the authors in reference
Neto et al. [20] presented an architecture and methodologies for the development of games for deaf and
blind people. The user interface for the deaf was based on sign language, and the user interface for the
blind was based on audio language. In reference Mugbali et al. [21], the authors innovated a smart stick
that assisted blind people to live in a more comfortable manner with the help of artificial intelligence
(AD). In another study, an interface on the web for visually impaired users was proposed based on formal
concept analysis. This interface reduced the effort and operation time of visually impaired users [22]. The
study in reference Toro et al. [23] presented a methodology to implement a navigation system for the
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blind. Similarly, a framework to help website developers make accessible interfaces for visually impaired
people was created in reference Germano et al. [24].

In another study [25], the authors created an application that assisted visually impaired people to
navigate easily using public transportation. Another paper [26] presented a methodology that identified
banknotes. This method was widely used and helpful for visually impaired people.

2.4 Accessibility Problems Checklist

To overcome accessibility problems while developing mobile applications, categorized OPB problems
[5,10,11,14—17] are clearly depicted in Tab. 2.

Table 2: OPB issueschecklist

OPB Issues Issues for the blind and visually impaired

Organizational Level Issues

Structure of application Flow of tasks
Content in a mobile application screen
Navigational issues

Serialization of content No understanding of natural reading sequence
No understanding of natural flow of tasks

Information overload Information load
Cognitive load

Behavioral Level Issues
Screen reader Screen reader crashing

Avoidance of redundant information Listening to navigation bar (page title/header)
redundantly before detecting the page content in applications

Presentation Level Issues

Layout and style representation Screen reader provides confusing feedback
No consistency in layout and terminologies

2.5 Effectiveness and Efficiency

Effectiveness is related to the quality of informational content, whereas efficiency is related to the ease of
understanding and ability to use that informational content. Some authors suggested that efficiency and
effectiveness are related to the ability of a user to complete a task within a reasonable amount of time.
Researchers in Inostroza et al. [10,17,27] utilized efficiency and effectiveness as two cognitive parts of
their proposed model. Moreover, efficiency is equivalent to perceived ease of use, and effectiveness is
equivalent to usefulness.

2.6 Satisfaction

Satisfaction indicates a positive attitude toward an item; E-satisfaction is defined as a customer’s positive
attitude toward a website design [27].

3 Research Design and Methodology

In this study, the UCD process model shown in Fig. 2, [28] is used to create and validate an educational
smartphone application with a BVI-friendly user interface. The process model is composed of the following
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steps: 1) problem identification, ii) development of educational application, iii) targeted domain,
iv) experimentation, and v) evaluation.

Usability
Parameters

Evaluation

Task Formulation
Post Task

Evaluation

!

User Centric Model

-

Task
Characteristics

Accessibility
Problem Checklist

Experimentations

Problem
Identification

For BVI

- 1

Interface Design /
User Task Design

Targeted Domain

Developing
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Application

BVI User
Characterstics

Figure 2: UCD process model

3.1 Problem Identification

The first step in the UCD model is to identify the problem. For this purpose, we reviewed the extensive
literature and tested some mobile applications for BVI users and then developed a checklist of associated
problems. By categorizing OPB problems, this step helps ensure all critical accessibility problems are
considered while developing reading and listening mobile applications.

3.1.1 Issues at the Organization Level

e Application structure: How well the audio describes the flow of visual information and original
functionality on the screen.

e Page content serialization: Assessment test based on multiple-choice questions (MCQs).
e Information overloading: Information loss due to reading every single word of text in serial order.

3.1.2 Issues at the Behavioral Level
e Screen reader conflicts: Screen reader crashes while using the application.

e Avoidance of redundant information: Listening to navigation bar (page title’header) redundantly
before detecting the page content in applications.
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3.1.3 Issues at the Presentation Level

Layout, style, and text presentation in screen reader provide confusing feedback, so there is no
consistency in layout and terminology.

3.2 Application Development for BVI Users

In this study, an educational mobile application entitled “Read Master” was developed. It provides basic
and scientific information through a BVI-friendly interface designed to solve the accessibility problems
identified in the previous step.

This mobile application consists of a series of two main sections: informational science content and an
MCQ quiz. This application is tailored for BVI users and available in both visual and audio form with
embedded screen reader functionality.

The application supports the text-to-speech mechanism also. In Section 1, the application provides
information about different topics, subheadings of topics, and a brief description of each topic. The
application also provides an assessment test in the MCQ format as shown in Figs. 3—6.

°°  Read Master

uuuuu

SCIENCE

QUIZ

Figure 3: Main section

Prior to starting usability testing, an expert on the mockup of the prototype performed a walkthrough.
After the first release of the application, user acceptance testing from expert reviewers was conducted. A
series of user acceptance tests were performed to ensure a high level of usability.

Once the developed application was found to be reliable, effective, and efficient, it was deemed ready for
usability testing from respondents.
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Read Master

Chapter No 1: Cellular Organization of
Plants and Animals

MICROSCOPE

CELLS

BACK

Figure 4: Subsection

3.3 Data Collection and Sampling

Several data collection methods were used in our experimental design, including ethnography
(observation) during the usage of the application as well as sessions to guide the user for experimentation
and pre- and post-questionnaires with respondents. Data were collected from BVI users on the basis of
pre-questionnaire responses. Finally, 56 BVI users were selected for the usability evaluation of the
application and included in our research after discarding some irrelevant users based on pre-questionnaire.

All BVI participants had at least one year of smartphone usage experience, and their ages ranged from
18 to 40 years. The educational level of selected participants was secondary school to graduate. For the
significance of this study, the author described in reference [29] that 20 to 30 users are considered valid
from one geographic area with specific impairments.

In this study, total of 56 BVI people participated in experimentation, among which 19 were females and
33 were males. Additionally, 35 were fully blind and 21 were partially blind. The ages of BVI participants
were categorized as 12 to 23, 24 to 30, and 31 to 40. The smartphone experience level was categorized as
either at least one year or more than one year, as shown in Tab. 3.
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Read Master

Microscope

READ N

A microscope is an instrument used to see objects
that are 100 small 10 be seen by the nuked eve. Microscopy
is the science of investigating small objects and structures
using such an instrument. Microscopic means invisible to
the eye unless aided by a microscope. There are many types
of mieroscopes. and they may be grouped in different ways.
Onc way is to deseribe the way the instruments interact with |
a sample to create images, cither by sending a beam of lighe
or clectrons to a sample in its optical path, or by scanning
across, and a short distance from the surface of a sample
wsing a probe. The most common microscope (and the first to)
be invented| is the optical microscope, which uses light to pass
through a sample to produce an image. Other major types
ol microscopes are the [luorescence microscope, the eectron
microscope (both the transmission electron microscope and
the scanning electron microscope) and the various types of
scanning prohe microscopes

Microscopes can be separated into several different
classes. One grouping is based on what interacts with the
sample to generate the image, i.c., light or photons {oprical
microscopes]. clectrons {electron microscopes; or a probe
{scanning probe microscopes). Alternatively, microscopes
can be classified based on whether they analyze the sample
via a scanning point {confocal optical microscopes, scanning
electron microscopes and scanming probe microscopes) or
analyze the sample all at onee (wide field optical microscopes
and transimission electron microscopes). Wide field optical
microscopes and transmission electron microscopes both
use the theory of lenses [optics for light microscopes and

Figure 5: Reading

3.4 Measurement Instrument

For the evaluation of satisfaction, a questionnaire was designed to collect the subjective categories of
data. The questionnaire items related to satisfaction were designed and modified from literature.

The questionnaire design involved repeated confirmation steps. We first generated and developed initial
items for the questionnaire through extensive reviews of prior studies. Initially, the questionnaire consisted of
15 items. Then we got a response from a panel consisting of an analyst, a user interface designer, and a
graduate student. Based on the response of the panel, some of the items of the questionnaire were revised.

Finally, a questionnaire consisting of 10 items was designated to evaluate the user satisfaction of the
educational mobile application. The measurement scale was a five-point Likert-scale that ranged from 1
(“strongly disagree”) to 5 (“strongly agree”).

3.5 Experimentation

In experimentation, four different tasks were assigned to BVI participants. These tasks included
navigating the application, reading text information and listening to audio voice commands, taking the
assessment test based on MCQs, and exploring different screens for best screen reader feedback. The
tasks details are given below, and the average completion times are reported in Tab. 4.

3.5.1 Task 1: Organization

In this task, BVI users were asked to navigate through the application. The main purpose of this task was
to check the flow of tasks, structure of the application, and navigation (start, exit, back). The participants were
directed to navigate from the main menu to any other menu of the application within the science section. The
time allocated to complete this task was 5 minutes. The average completion time for tasks was 4 minutes.
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READ MASTER
QUIZ SYSTEM

Question No 1

All living organisms are made of Cells

TRUE

FALSE

Figure 6: Assessment test

3.5.2 Task 2: Avoidance of Redundant Information
Two activities were performed by BVI participants: searching a paragraph of text information, and
listening to audio voice commands about the overall procedure to carry out the tasks. The objective of

Table 3: Respondent demographics

Demographic Frequency  Percentage
Gender Female 19 33.9%
Male 37 66.1%
Age (years) 12 to 23 15 26.8%
24 to 30 20 35.7%
31to 40 21 37.5%
Education Metric/O Level 10 17.9%
Intermediate/A level 16 28.6%
Undergraduate 26 46.4
Graduate 4 7.1%
Blindness type Fully blind 35 62.5%
Partially blind 21 37.5%
Use of mobile phone in years At least one year 18 32.1%
More than one year 38 67.9%

Total 56 100.0%
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Table 4: Tasks and average completion time for experiment

Tasks List Number of BVI Allocated time Average task
participants completion time

Organization 56 5 minutes 4 minutes

Avoidance of redundant information 56 10 minutes 8.9 minutes

Serialization of content 56 10 minutes 6 minutes

Style and text presentation 56 16 minutes 14.3 minutes

this task was to examine how well the application avoided listing redundant information presented on the
navigation bar (page title/header) before detecting the page content. The other goal of this task was to
overcome the conflict or crashing issues common with screen readers. The participants used the
embedded screen reader, where a single tap to listen and a double tap to open a screen functionality was
used. BVI participants were asked to use the application for 10 minutes. BVI users were keenly observed
while using the application, and it was found that tasks were easy and simple to perform and less
cognitive load was faced by BVI users.

3.5.3 Task 3. Serialization of Content

BVI users were asked to perform the assessment test, which was based on MCQs. The basic aim of this
task was to pay consideration to the natural reading sequence and natural flow of tasks. It should take BVI
users the same amount of effort to access the reading sequence for text and items as it takes non-BVI users
during MCQ-based assessment. The time allocated for this task was 10 minutes, as 10 multiple-choice
questions were provided and 1 min was given for each question. The users completed each question in
less than 1 minute. The average time users took to complete the test was 6 minutes.

3.5.4 Task 4. Style and Text Presentation

In this task, users were asked to explore different tabs to reach the content reading screen from the MCQs
screen. The main goal was to explore the layout, contents, and menus presentation on the screen of the
application easily without extensive searching. BVI participants were asked to explore the different
screens and tabs for about 16 min to reach the end. The average time to complete this task was 14.3 min.

3.6 Performance Evaluation

The performance of the application was assessed based on effectiveness, efficiency, and satisfaction.
Effectiveness and efficiency were measured by the ISO 9241-11 standard, whereas the system usability
scale (SUS) was selected for post-task evaluation to determine the satisfaction level of BVI users.

3.6.1 Effectiveness
Effectiveness is calculated by the given formula:

Total number of tasks completed successful

Effectiveness =
1 Total number of tasks taken

x 100 (1
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3.6.2 Efficiency
Efficiency is calculated by the given formula:

R N n s
27=0" 2ai=0 t_l]
Efficiency = Time — based Efficiency = Ty’ 2)

where N = Total number of tasks;
R = Total number of users;
n; = Result of task i by user j: when the task is completed, the value of n;; is 1, otherwise;
ny = 0;

t;; = Time spent by user j to complete task i.

3.6.3 Satisfaction

The satisfaction of users was evaluated by using the SUS technique in this study. There were 10 short
questions provided to BVI participants, which were scored on a Likert-scale that ranged from 1 (“strongly
disagree”) to 5 (“strongly agree”) for post-task evaluations. In SUS, even-numbered questions were taken in
a negative sense, whereas odd-numbered questions were taken in a positive sense. A score of 68 was
considered as above average, 72 was ranked as good, and 92 was the best possible result.

4 Results and Discussion

This section will discuss the results of effectiveness, efficiency, and satisfaction for BVI users.

4.1 Effectiveness

Effectiveness is related to the quality of informational content. Therefore, we calculated and compared
the task-wise effectiveness of BVI users.

Fig. 7, shows that the organization had 100% effectiveness for both blind and visually impaired users. It
clearly shows that all the BVI users successfully performed task 1. However, in tasks 2 through 4, blind
participants illustrated lower effectiveness than visually impaired participants. For the avoidance of
redundant information, blind users had 80% effectiveness, and visually impaired users had 85.714%
effectiveness.

120
100 I 95.23
20 85.71 2714 80.95 85.71
80
60
40
20
0
Task 1 Task 2 Task 3 Task 4
| Effectiveness for the blind | Effectiveness for visually impaired participants

Figure 7: Effectiveness for the blind and visually impaired participants
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Likewise, for serialization of content, blind participants had 77.143% effectiveness, compared to
80.95% among visually impaired participants. For style and text presentation, blind users had 85.71%
effectiveness, and visually impaired users had 95.23% effectiveness.

4.2 Efficiency

Some authors suggested that efficiency and effectiveness are related to how quickly a user can complete
a task. In this subsection, the efficiencies of BVI participants are displayed in Fig. &.

30
25.48
25
20 16.12
15 12.86
10.14 1092 1203 10.9 11.04

10

5 I

0

TASK 1 Task 2 Task 3 Task 4

B Efficiency for the blind M Efficiency for visually impaired participants

Figure 8: Efficiency for the blind and visually impaired participants

The efficiencies of blind participants were lower compared to visually impaired participants for all tasks:
16.12% versus 25.48% for task 1, 10.14% versus 12.86% for task 2, 10.92% versus 12.03% for task 3, and
10.09% versus 11.04% for task 4.

Overall, the efficiency of visually impaired participants was better than blind participants.

4.3 Satisfaction

As previously mentioned, the SUS technique was used for data interpretation of satisfaction, where the
results must be higher than 68 score points to indicate acceptable satisfaction with our mobile application. In
this research, we have calculated the system usability score and average SUS score for BVI users.

In all four tasks, visually impaired participants had higher satisfaction levels than blind participants. The
average SUS scores for visually impaired participants for all four tasks were recorded as 89.21%, 85.14%,
85.21%, and 89.21%, respectively, in Fig. 9.

Among the four tasks, the blind participants had the highest level of satisfaction with the presentation of
the application, scoring 87.62 score points. The visually impaired participants had the highest level of
satisfaction with both the organization and presentation of the application, with 89.21 score points.
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90 89.21 89.21

87.619

86.071

85.14 85.21

83.095 83.214

Task 1 Task 2 Task 3 Task 4

| Efficiency for the blind | Efficiency for visually impaired participants

Figure 9: Satisfaction for the blind and visually impaired participants

5 Conclusion

Accessibility is the feature of services and products providing ease of use to individuals with special
needs in getting the essential information or functionality of the service or product without any difficulty.
This study identified the accessibility needs of BVI users in a mobile application user interface by
creating an accessibility problems checklist for reducing the cognitive and informational load. This
research followed the UCD process model to analyze the usability and accessibility of BVI users. This
study divided the accessibility problems into organization, presentation, and behavioral categories. A
smartphone android application incorporating solutions to the OPB problems was developed, and
accessibility testing with BVI users was performed. In measuring the performance of the application, this
study emphasized the usability evaluation.

Ethnography and system usability scale techniques were used for analysis and post-task evaluation.
After solving the problems, we observed good user experiences for effectiveness, efficiency, and
satisfaction. For the satisfaction level of the visually impaired participants, the highest system usability
scale scores were recorded as 89.21 for task 1 and task 4, indicating these users had the greatest
satisfaction with the organization and presentation of the application. Likewise, the organization of the
application resulted in 100% effectiveness for both BVI users. However, the efficiency of visually
impaired participants was better than blind participants. Hence, results indicate the high usability of the
application, the increased satisfaction level of BVI users, and enhanced effectiveness and efficiency.

This research could have a significance impact on resolving OPB problems in mobile application
interfaces for BVI users as it provides strategies and guidelines for developing BVI-friendly user interface
designs with enhanced ease of use, efficiency, and satisfaction.
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