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ABSTRACT
Navigability, or ease of navigation, is important for web access by the blind community.
However, current screen reader program used by blind people to access the Internet imposes
navigation constraints since the blind users can only ‘hear’ the content in serial mode. Serialized
access using a screen-reader program prevents blind users from experiencing the multidimensional effects required to fully understand the page layout. We believe that by accessing
web pages using bi-modal interaction, a blind user would be able to gain a two-dimensional
perspective of a web page in his or her mental model. The purpose of this study is to investigate
the differences in the mental models created by blind people from a two-dimensional web page
using two different means: one using a screen reader only and the other using a touch screen with
audio feedback.

This study utilized a mixed-method design to investigate the accessibility and usability
differences between use of a screen reader and use of a touch screen with audio feedback. Ten
blind people and thirty sighted and blindfolded participants participated in this study. This study
employed within-subjects repeated measures experiments together with observations, verbal
protocols and semi-structured questionnaires to achieve the defined objectives. Additionally, the
influence of users’ spatial ability on their performance was investigated using Tactual
Performance Test (TPT).

This study found that expert and more experienced screen reader users were able to imagine the
page layout in a two-dimensional perspective, using a touch screen with audio feedback. The
study also revealed that blind users achieved more accurate orientation when using a touch
screen with audio feedback. However, the accuracy of orientation seems to have been affected by
page complexity. In addition, investigation of blind users’ spatial ability on their sense of
position revealed that, when using a touch screen with audio feedback, blind participants with
lower spatial ability took longer time to locate information. Therefore, spatial ability is an
important determinant for web navigability when using a touch screen with audio feedback.
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Chapter 1
INTRODUCTION
1.1 Background

Information and knowledge is the basis of today’s life, regardless of one’s position in society.
The Internet plays such a vital role in our daily life that it is important for everybody to be able to
access the Internet, regardless of disability or impairment.

‘Web accessibility’ is defined as any practice and effort that makes a web page accessible to the
broadest range of users, including visually impaired users [1]. There are three main efforts to
support Web accessibility: on the server side, on the client side and through the intermediary
proxy. To blind users, efforts on the server side include guidelines and best practices for
developing accessible web pages [2]. In contrast, the efforts on the client side include the
development of assistive aids such as screen reader programs with enhanced capabilities to assist
the blind in accessing web content [3]. Another effort to support Web accessibility for blind
users is that of transforming the content using an intermediary application or ‘transcoder’ [4].
This study focuses on the server-side work to assist blind people who use a screen reader
program to access the Internet.

The World Health Organization (WHO) describes disability as an umbrella term that covers
impairments, limitations of activity, and restrictions in participation [5]. Impairment is a problem
in body function or structure that limits an individual’s ability to execute a task or action. On the
1

other hand, restriction in participation is a problem experienced by an individual with
involvement in life [6, 7]. Of the many types of disabilities, vision impairments are the most
pervasive in the general population [8]. Statistics from the WHO report that more than 285
million people worldwide are visually impaired [5, 8]. Among these individuals, 246 million
have low vision and 39 million are blind. According to Courtright and Lewallen [9], two thirds
of blind people are women. This figure will double over the next 25 years if there is no effort to
increase prevention of blindness. According to the same report, most of the blind people are
elderly and live in developing countries.

According to the International Classification of Diseases, there are four levels of visual function
including: i) normal vision; ii) moderate visual impairment; iii) severe visual impairment; and iv)
blindness. Moderate visual impairment combined with severe visual impairment is grouped
under the term ‘low vision’. According to WHO, low vision together with blindness represents
all visual impairment [5].

Studies by Hollier and colleagues [10] and Williamson and colleagues [11] found that people
with visual disabilities have a strong desire to use computer and the Internet. For people with
mild visual impairment, solutions are more conservative as they try to maximize the remaining
useful vision [6]. The most popular assistive technology used by people with mild visual
impairment to access the Internet is a screen magnifier. On the other hand, severely visually
impaired people, especially blind people, require non-visual alternatives such as screen reader
programs (including JAWS [Job Access with Speech], System Access, or Window-Eyes) or a
Braille terminal to access the Internet [7, 12]. In general, a screen reader program will translate
2

the visual screen display into auditory output for all traditionally visual tasks such as reading
text, selecting from the menus, responding to system prompts, analyzing tables and navigating
between different parts of a web page [6]. On the other hand, a Braille terminal, also known as a
Refreshable Braille display, is an electro-mechanical device for displaying Braille characters by
raising dots through holes in a flat surface [6]. However, it is worthwhile mentioning that no
more than 10% of blind people in the United States are literate in the use of Braille terminals as
their primary reading medium [12] mainly because this technology is cost prohibitive [13].

For sighted people, in order to analyze a web page, there are two phases of web page exploration
involved, as discussed in Roth and colleagues [14] The first phase corresponds to the ‘where’
stage in visual perception and is typically associated with the overview of the page. This phase
allows understanding of the document structure and of the element types used in the particular
page. The second phase corresponds to the ‘what’ stage and is typically associated to the sense of
position. This phase lets the user focus on one particular object to obtain its content. The design
of web pages and the assistive aids used by blind people should assist these explorations to get
the desired content effectively [15, 16].

Several studies were conducted to understand the challenges faced by blind and visually
impaired users when accessing the Web using screen reader program [17, 18, 19, 20]. It was
found that navigating the Internet was difficult for blind people due to the dependence of
hypermedia on visual layout, including the richness of visual cues. These cues are appropriate for
sighted users, but are not accessible to blind users [17]. Screen reader programs cannot provide
access to a wealth of information, specifically relating to the format of tables, which relies on
3

the visual presentation of the data to convey the relationship between column and row and its
meaning [18, 19]. Complex tasks such as navigating complex layout are challenging, especially
for screen reader users of average skill [20].

A study by Murphy and colleagues [21] found that current screen reader software imposes
navigational constraints and provides limited information about page layout. The study describes
the screen reader user’s mental model as a ‘vertical list’, or in other words, received the
information in serial order. Thus, the screen reader users will try to remember the sequence of
items of interest. It is an additional burden to their mental load if screen reader users have to
memorize a large set of options. Furthermore, for some complex web pages, the ‘vertical list’ is
so extensive that it is often beyond the available working memory capacity.

Another work investigating the usability of screen reader program was published by Takagi and
colleagues [22]. The focus of this study was to observe the interaction and strategies adopted by
blind people when accessing online shopping web pages. In their study, Takagi and colleagues
[22] observed the mental model used by screen reader users to access online shopping web
pages, as shown in Figure 1.1. They observed that screen reader users focused on positioning
within the main content area by using gambling scanning or exhaustive scanning. It was noted
that instead of looking for headings for navigation, screen reader users were actually looking for
landmarks with strong ‘scents’. In other words, screen reader users were looking for navigation
cues that could attract their interest and catch their attention.

4

Figure 1.1: Blind user’s mental model (Takagi and colleagues [22])

Research by Bigham and colleagues [23] found that screen reader users spent more time, needed
more effort to perform a task on the Internet and displayed more probing behavior (leave and
quickly return to a page) compared with their sighted counterparts. The mental load for moving
back and forth is particularly tedious and time consuming [22, 24]. Furthermore, without the
meta-information provided by the physical layout, web pages can be hard to navigate, confusing
for the screen reader users and making the required information difficult to find [19].

The problems discussed above happen because the screen reader software processes pages
sequentially, from top left to bottom right of the page. Because of this, screen reader users will
have a different mental model for accessing the two-dimensional web pages, compared with
sighted users. The lack of two-dimensional information in the mental models of screen reader

5

users is the main obstacle for them in using the Internet and collaborating effectively with their
sighted counterparts.

To get a two-dimensional perspective of a page, users with non-visual access have to utilize
other senses. The sense of touch is a powerful modality for interface design and plays an
important role in assisting blind people to develop a mental representation of web page layout
[25]. An explosion of touch screen and gesture-based consumer technologies motivated this
study to explore the potential use of these products. Some popular examples of touch screen
devices are the Apple iPhone and Google’s Android phones, desktop PCs such as HP
TouchSmart and tablet computers such as the Apple iPad and Motorola Xoom.

It is the belief of the researcher of this study that by accessing web pages using a touch screen
display with audio feedback, a blind user would be able to gain a two-dimensional perspective of
a web page in his or her mental model. If the mental model of the page contains two-dimensional
information, it would assist the blind users to gain a better orientation of a web page and sense of
position on a web page. This is important for the user to navigate the Web effectively.

1.2 Research Problems

Current accessibility technologies, such as screen reader programs, are not able to convey
presentational web layout and data table. Blind users ‘scan’ from top left to bottom right of a
web page through a screen reader program or an on-line Braille output device. The multi6

dimensional nature of layout and data tables on web pages disputes the linear interaction styles
typically supported by screen reader programs [18].

Web pages often use a modular design for layout which is an approach that subdivides a page
into smaller regions for specific information or topics [26]. When used effectively this practice
allows web designers to clearly present large amounts of information on a single page. However,
while sighted people can visually parse and understand these two-dimensional web layouts in
seconds, screen reader users struggle to find the required information, especially if the layouts is
not designed so that it makes sense when linearized.

Alternatively, to read a data table, a user needs to maintain coherency of, and interaction with,
more than one dimension. Using screen reader programs, blind users can only hear each cell one
by one from left to right and from top to bottom. Although there are a few HTML tags designed
to help screen reader users organize the data to be read in a logical order, such as TH and
SCOPE, most web designers have neglected to use them [27].

Conversely, in the use of touch screen display with audio feedback, it is hypothesized that blind
people are able to gain a two-dimensional perspective of a web page. This helps them navigate
the Web effectively. However, there is not enough evidence to determine the difference in
orientation and sense of position of a page obtained by blind people using touch screen with
audio feedback compared with using a screen reader program. Moreover, it is important to
determine whether individual differences have any effect on orientation and sense of position
when using a touch screen display with audio feedback. In addition, the ‘flicking’ gesture used in
7

the VoiceOver program available on iPhone or iPad devices only enables forward or backward
traversal of the content. Consequently, users have to make many flicks in order to get to an
element that is close spatially but far out on the Document Object Model (DOM) tree.

For example, Figure 1.2 illustrates how a flick to the right made on the Apple iPad tablet shifts
the reading position to the right of a table cell. To go down a row, however, one has to keep
flicking to the right until the end of the current row, as shown with dotted lines on the screen.
This leads to the problem of ‘finger-fatigue’, which can be caused by continuous flicking [28]. In
fact, to navigate from one arbitrary text element to another, a user may have to make as many
flicks as there are elements between these two elements. On the other hand, the ‘gliding’
interface allows VoiceOver users to read the screen content by touching the content directly. All
visible content on the screen is rendered in a two-dimensional perspective.

Therefore, investigation is required to gather evidence on how much mental and perceptual
activity is required by blind people if they use a touch screen with audio feedback to access web
pages.

Figure 1.2: Flicking movement in VoiceOver program
8

1.3 Purpose of the Research

The purpose of this study is to investigate the differences in the mental models created by blind
people from a two-dimensional web page using two different mediums: i) using a touch screen
with audio feedback; ii) using a screen reader only. If the mental models created by blind users
could contain two-dimensional information, it may assist them gain a better understanding of the
structure of a web page to improve the task of navigating the Web.

As part of the study, the researcher investigated the effect of the spatial ability of blind users in
constructing a two-dimensional perspective of the mental model when they navigate a web page.
We believe that individual differences in their spatial ability may influence the way in which
blind people navigate the Web. The experiments with blindfolded, late-blind and early-blind
people were conducted to gather input from different types of visual impairment.

The propositions of the study are summarized as follows:

P1: A blind user is capable of getting a two-dimensional perspective of a web page by using his
or her touching sense together with his or her aural sense.
P2: Individual differences in spatial ability influence the way in which blind people navigate a
web page.

To examine these propositions, this study poses four research questions, as follows:
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1. How different are the two mental models in terms of their representation of a web page
structure?
2. How differently does the blind user locate the information using a touch screen with
audio feedback compared with using a screen reader program only?
3. When using a touch screen with audio feedback, is there any difference, in terms of
mental workload, between the blind and the sighted blindfolded participants?
4. Is there a relationship between a user’s spatial ability and his or her performance when
using a touch screen with audio feedback?

1.4 Research Objectives

The specific objectives of this study are:
1. To explore the potential of various experimental scenarios to elicit users mental models.
2. To investigate the behavior and the mental model of screen reader users when they
browse unfamiliar web pages without appropriate accessibility features.
3. To model the interaction of screen reader users when they browse a web page that does
not have sufficient spatial cues to assist them in scanning the desired information.
4. To investigate the behavior and the mental model of blind people when using a touch
screen display with audio feedback to access unfamiliar web pages.
5. To model the interaction of blind people when using a touch screen display with audio
feedback to browse a web page.
6. To compare the accuracy and performance between using a screen reader program and a
touch screen display with audio feedback to access web pages for blind people.
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7. To evaluate the effects of individual user characteristics, including spatial ability, visual
ability and preferences, on accuracy and performance when using a touch screen display
with audio feedback.
8. To investigate user perception of the proposed approach.
9. To propose a design requirement for developing operable interface components that will
assist touch screen users to locate their desired information effectively.

1.5 Research Approaches

Research in human computer interaction (HCI) suggests that mental models facilitate the way
people interact with complex computer systems [29] [30] [31]. Based on the model of Takagi
and colleagues [22] and data collection for mental model studies as proposed by Sasse [32], a
conceptual framework, as shown in Figure 1.3, was developed for the purpose of investigating
how touch screen display with audio feedback enhances blind peoples’ overview and sense of
position of a web page. The target population is blind people who are currently using a screen
reader program as their assistive technology to access the Internet. A comparison that employs a
quasi-experimental design was conducted to investigate the differences between a screen reader
program and a touch screen display with audio feedback. Through experiments with objective
and subjective measurements, further investigation of user ability and preferences using a touch
screen display with audio feedback was conducted.

In order to investigate the effect of two-dimensional perspectives on a blind user’s mental model,
four types of data are needed, as shown in Figure 1.3:
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1. Diagrammatic representation is the draw functions, components and properties of the
system.
2. Performance data assesses the user’s task completion, time taken to complete the tasks
and the number of errors.
3. Online protocol records the user and system actions.
4. Verbal protocol requires the user to verbalize during the interaction with the system.

Diagrammatic
Representation

Verbal Protocol

Blind User’s
Mental Model

Performance

Online Protocol

Figure 1.3: Conceptual framework

1.6 Importance of the Research

The cost of making an accessible web page depends on the developmental stage at which the
developer considers its accessibility. If this occurs at a late stage of web page development, it
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will increase the cost and time taken. Although the cost of making an accessible web page
depends on the time and money spent training web developers and investing in tools for quality
assurance, the time and cost can be minimized if Web accessibility is considered in the early
stages of the design process. Therefore, the findings from this study may provide guidance to
web developers in designing web pages and also to assistive technology developers to aid blind
people in accessing the Web.

1.7 Organization of the Thesis
The reminder of this thesis is structured as follows:

Chapter 2 details the literature review and discusses the findings to
Related Work

date related to the area of Web accessibility and usability,

Chapter 2

particularly in the area of web navigability and mental models used
by blind people when accessing the Internet.

Research Framework

Chapter 3 discusses the research framework of this study which was

and Methodology

devised to investigate user mental models when using a screen

Chapter 3 and Chapter 4

reader program and a touch screen display with audio feedback. It
also elaborates the conceptual framework and hypotheses of this
study.
Chapter 4 provides a detailed description of the research
methodology. It describes the research design, population and
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sample, instrument development, software, hardware, data
collection procedures and data analysis techniques.
Results

Chapter 5 presents the results of the study. The results of user

Chapter 5

accuracy and performance are presented, as well as the effect of
individual differences on accuracy and performance.
In addition, Chapter 5 also presents the results of the qualitative
studies.

Discussion and

Chapter 6 presents the discussion of the results of the study. It

Conclusion

discusses the results of the accuracy and performance findings

Chapter 6

when using a screen reader program or a touch screen display with
audio feedback. It further discusses the effects on user mental
models, the differences between users, the ways in which touch
screen display with audio feedback enhances navigability
experiences and their implications. Limitations of the research and
future directions are also discussed.
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Chapter 2

LITERATURE REVIEW
2.1 Introduction

Chapter 1 discussed the background of the research and outlined the specific research problems
to be addressed. Looking at the previous work highlighting how blind people struggle when
accessing web pages using the screen reader program, their findings suggested that the mental
models blind people use to browse the two-dimensional web pages are currently too complex,
making it difficult for them to perform the browsing tasks.

The purpose of this chapter is to review the current state of research in the area of Web
accessibility and usability, particularly in the area of web navigability and mental models used
by blind people when using a touch screen with audio feedback.

2.2 Web Accessibility and Usability

In 1996, the World Wide Web Consortium (W3C) established the Web Accessibility Initiative
(WAI) forum to develop strategies, guidelines and resources to assist with the Web accessibility.
WAI categorised Web accessibility into five main areas [33]:

1. Developing new technologies such as WAI-Accessible Rich Internet Applications Suite
(WAI-ARIA) to solve accessibility problems in a dynamic content.
15

2. Proposing guidelines to help content creators and web designers produce accessible web
pages (e.g. WCAG).
3. Developing tools to evaluate and repair inaccessible web pages.
4. Proposing strategies to educate and promote Web accessibility.
5. Proposing potential research topics in Web accessibility.

The Web Content Accessibility Guidelines 2.0 (WCAG 2.0) is the latest set of guidelines,
published in December 2008 [34]. It gives details on how to make a web page accessible to the
broadest range of users and also robust enough to work with current and future technologies.
There are four main guiding principles of accessibility in WCAG 2.0 [33, 34]:

1. Perceivable: Information and user interface components must be presentable to users in
ways they can perceive and cannot be invisible to all of their senses.
2. Operable: User interface components and navigation must be operable.
3. Understandable: Users must be able to understand the information as well as the
operation of the user interface.
4. Robust: Content must be robust enough that it can be interpreted reliably by a wide
variety of user agents, including assistive technologies.

Recently, the W3C and the Joint Technical Committee 1 (JTC1), the International Organization
for Standardization (ISO) and the International Electrotechnical Commission (IEC), announced
the approval of WCAG 2.0 as an ISO/IEC International Standard [34, 35]. This recognition is
expected not only to increase acceptance of WCAG 2.0 by governments, businesses and the
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broader web community, but also to encourage further driving development of supporting tools
and software specifically for the blind.

Zeng [7] observed that blind web users placed more emphasis on usability than accessibility
itself. Zeng highlighted that many of the participants in his study made such statements such as
“I don’t care whether the image has alternative text or not. I only care whether the site can help
me find the information I am interested in”. This indicates that it is not just that the page should
be accessible to blind users but that usability aspects should also be considered by web designers
when designing accessible web pages [7].

Accessibility and usability are two related issues, but are two different concepts. This is the
reason why accessibility and usability initiatives have been treated separately in other studies
[36]. As discussed previously, accessibility aims to make a web page available to a wider user
population and focuses on user access to system functionality. In other words, a web page with
accessibility problems will prevent some groups of users from benefiting from it [33]. On the
other hand, according to the ISO definition, ‘usability is the extent to which a product can be
used by specified users to achieve specified goals with effectiveness, efficiency and satisfaction
in a specified context of use’ [37]. Usability refers to how well the system functionality matches
a user’s conceptualization of performing a task [38] and is aimed at making the user’s experience
with the Web more efficient and satisfying [38].

If a system is not accessible, it is certainly not usable. However, an accessible system does not
guarantee that the system is usable [39]. A web page that is accessible by a screen reader
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program is still not usable to blind people if they cannot achieve their specified goals for that
page with effectiveness, efficiency and satisfaction [39]–[42]. Therefore, the coordination
between accessibility and usability practice in the design and development of guidelines, web
pages, browsers, assistive technologies and other web tools is important and should be
encouraged as a matter of standard practice [43].

2.3 Issues in Auditory Feedback using Screen Reader Program
2.3.1 Navigability Issues

Navigability, or ease of navigation, is important in web access by the blind community [22]. The
concept of navigability is covered in the Web accessibility guideline [33]. According to WCAG
2.0, a navigable web page provides ways to assist users to navigate a web page which enable
them to find the desired content [33]. For example, heading tags should be used to provide
information on the structural hierarchy of a web page which makes the page easier to scan for
screen reader users. However, according to Takagi and colleagues [22], navigability issues were
usually ignored by existing accessibility evaluation tools and users were hardly reporting their
navigation issues to page authors.

Before discussing the issues with auditory navigation, this section begins with the explanation of
how a screen reader program works. First, the screen reader program should be installed on the
computer with a licensed version of the most popular screen reader program estimated to cost
about $AUD1000.00. When the computer is turned on, normally the screen reader program is
executed automatically by the operating system. The screen reader program then retrieves all text
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available on a computer screen and translate it into sound using a Text-to-Speech engine [44].
The content, including event handlers such as a toolbar or menu system, is spoken row by row,
starting from the top left of the page down to the bottom right. The computer keyboard is the
main input device used by screen reader users to interact with the computer system.

Blind users can instruct the screen reader program to vocalize the content in a specific manner by
using available keystrokes to trigger specific functions. Popular functions include Links List,
Headings List and the ability to move from item to item or from heading to heading. There are
hundreds of keystrokes used in a common screen reader program and all these keystrokes or
commands need to be memorized by the users which places cognitive pressure on their working
memory capacity.

The features available in screen reader programs are intended to assist the users to browse the
Internet more effectively. However, according to Takagi and colleagues [22] and Theofanos and
Redish [45], not all of these features were being utilized by the users. For example, the most
frequent scanning strategies used to scan the desired information were item by item scanning
[20, 43] and link scanning methods [22].

The fundamental issue of using a screen reader program is that of reading the Internet content in
a serial order. This means that current popular voice browser and screen reader programs can
only provide a one-dimensional string of content fragments [22] and fail to convey the
presentational layout [19]. The sequential nature of the interaction means that screen reader users
perceive only a sequence of fragments of the content, causing loss of contextual information [5]
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[44]. The multi-dimensional nature of layout and data tables on web pages disputes the linear
interaction styles typically supported by screen reader programs. The meta-information provided
by the presentation layout is important for the blind users to gain an overview of a web page.
This will assist the blind users to locate the desired information, to increase reading speed and
release the burden of their mental load.

Unlike screen reader users, it is easy for sighted people to scan relevant content by using jerky
eye movements, also known as ‘saccades’ [45, 46]. Sighted users can skip over portions of the
text, read sections or pause on particular words and can take in information at a pace that
matches their internal comprehension processes [48]. Sighted users can easily navigate a page by
selecting hyperlinks that seem relevant to them. Besides, visual cues such as bold, italic or
underlined text can assist sighted users to capture important points or keywords of the content to
enable more emphasis to particular words [50]. However, the serially text-only output from a
screen reader program removes text formatting such as bold, italic, strong, fragmented groups of
information that are important as cues to assist the navigation and exploration of a web page
[51]. Harper at al. [50] in their paper described this problem with a scenario where a sighted web
surfer could only see a small part of a window. Therefore, in the event of browsing a web page
with a limited window size, as shown in Figure 2.1, some of the intricacies that the sighted web
user might face include no perception of what’s on the page, not knowing the length of the page,
uncertainty of current position and disorientation [50].
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Figure 2.1: Browsing with a limited window size

To use the Internet effectively, screen reader users must quickly scan a page to locate goalrelevant information [45]. Takagi and colleagues in [22] reported that blind people took 10 times
longer than sighted people to complete a task on the Internet. The blind participants were
struggling and had to adopt various navigation commands and scanning strategies including
exhaustive scanning to assist them to identify desired content that was commonly located in the
middle of web pages [22]. For example, during the exploration phase, the blind participants were
observed to be focusing on the first part of each fragment to perceive the desired information
[52].

Other researchers reported similar findings which include that it was time consuming and
exhausting, when using a screen reader program, to explore a web page [19, 48]. It was difficult
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to gain an overview of a web page or to locate the desired information because the screen reader
program imposed navigational constraints and provided limited information on a web page
layout [51]. In addition, the context of neighboring information was lost [44, 50]. Because it was
difficult for the blind users to get an overview of the page, they could become confused and lost
easily within the virtual space [47].

Experienced blind users were found to use advanced keystrokes, including using shortcut keys
that enabled them to speed read a web page to gain a clearer overview. This also included using
the search function so that users could jump to the area that contained the target item.
Furthermore, experienced screen reader users utilized advanced commands and developed their
own strategies to assist them browse the pages effectively. These strategies included speeding up
the speech rate, skipping the irrelevant content by jumping to the main content area and listening
quickly to just enough information to decide whether to stay or to move to somewhere else [52].

Table 2.1 shows a list of navigation related problems using screen reader programs highlighted
by previous researchers.

Table 2.1: Navigation-related problems using a screen reader program
Problems

Researchers

One-dimensional string of content fragments.

Takagi and colleagues [22], Murphy
and colleagues [17], Jay and
colleagues [19]

Spent more time and needed more effort to perform a task.
Exploring sequentially was time consuming.
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Bigham and colleagues [23], Takagi
and colleagues [22], Murphy and
colleagues [21]

Problems

Researchers

Failed to convey presentation layout, provided limited
information on web page layout. Page layout using table or
frame was confusing because the context of neighboring
information was lost.

Murphy and colleagues [21], Jay and
colleagues [19], Lazar and colleagues
[54], Kurniawan [53]

Tiring and frustrating; gambling scanning or exhaustive
scanning; looking for landmarks with strong scents; attempted
to remember the sequence of the interested item when they
scanned for the desired information; high mental load.

Takagi and colleagues [22]

Lost within a page; no idea of what’s on page; did not know
the length of the page; uncertain of current position and
disoriented.

Harper and colleagues [50]

More probing behavior (leave and quickly return to a page).

Bigham and colleagues [23], Harper
and Patel [52]

2.3.2 Rendering Data in Tables

Reading data in a table is very challenging for screen reader users. This is because the screen
reader program reads the table in a linear order. To illustrate the difficulty of reading a table, try
to get the price of a kilo of bananas from the following screen reading of the output of a table:

Table with 4 columns and 5 rows. Heading Hot and Cold Beverage. Heading Rice and Pasta, Heading
Fruits. Heading Above 10 dollars. Victoria Coffee Beans Special Italian Blend 1kg. Riviana Rice Basmati
Pakistan Long Grain 5 kg. Longan 1kg. 23.10 dollar. 15.04 dollar. 11.67 dollar. Heading below 10
dollars. Coca Cola Mini 8 cans. San Remo Pasta Spaghetti Gluten Free 250g. Banana 1 kg. 7.32 dollar.
4.28 dollar. 2.38 dollar. Table End.

The visual view of the same table is shown in Figure 2.2. Listening to a table serially without
going into table reading mode in a screen reader can be quite confusing. Even going into table
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reading mode, the data can still be confusing if the table has more than two levels of headings, as
in Figure 2.2 [6, 18, 55].

Figure 2.2: Data table: visual output

The reading of a complex table needs interaction in more than one dimension [18]. The
linearized reading order using a screen reader program does not support the requirement of
reading a data table. Similar to reading a web page, linearized reading starts with the top left cell
and the reading moves across the columns of the first row, continues to the second row and so
on. Linearized reading of a table is practically suitable for a simple table; for example, one that
has an even number of rows and columns [56]. Moderately complex and complex tables that
have merging cells are challenging for screen reader users [56]. The screen reader program fails
to convey the natural order of the table elements on a web page [51]. Semantic and syntactic
structure of visual elements in the table, such as the intersection of cells, label, sub- and superboundaries to differentiate higher-order boundaries and merging cells, can be a guide for the
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sighted users to compare the data and comprehend the information; however, these implicit
elements are inaccessible and easily lost when using a common screen reader program [18].

Other than data table, web designers often use a table to control the page layout. Commonly, to
achieve formatting effect, web designers use spanned rows and columns. For example,
Francisco-Revilla and Crow [26, 57] in their study described that web designers often used either
multi-column or modular layouts to control the visual presentation of the information (refer to
Figure 2.3). The use of multiple columns arrange information in such a way that it can be read
more easily by sighted people. The narrow columns in this layout can increase reading speed and
reduce the chance of people missing the next line when moving their gaze. Moreover, large
amounts of information can be incorporated using this layout. On the other hand, a modular
layout uses a combination of vertical and horizontal shapes to package the information, as shown
in Figure 2.3. This layout is more flexible and provides a clean and simple appearance.

Although accessibility guidelines are available for table elements, the recommendations provided
ignore design principles and semantics that are critical for understanding a data table [58]. In
addition, when web pages have a complex layout, the screen reader’s feedback becomes
confusing [54]. Therefore, the complexity of content layout that causes disorientation for blind
people should be addressed.
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Figure 2.3: Modular and multi-column layouts

The use of multi-column and modular layouts to control the visual presentation discussed
previously is an attempt to communicate the content and navigation capabilities through a
graphical interface. However, the one-dimensional interaction style of a screen reader program
does not give blind users the multi-dimensional overview required to fully understand data tables
and page layout.

2.3.3 Some Proposed Solutions for Screen Reader Users

Screen reader programs are still considered to be the most popular assistive technology used by
blind people to access the Internet [54]. Some solutions and guidelines to counter the limitations
of these programs have been proposed and are discussed within this section.

26

Generally, most of the proposed solutions focus on developing techniques to simplify content
and communicate web elements to gain an overview. Zajicek and colleagues [3] proposed a
navigation tool called BrookesTalk to assist blind users scan relevant contents quickly.
BrookesTalk is an integrated environment that provides enhanced navigational features to assist
blind users to access web content effectively. This speech output browser has several functions
such as Quick views of web pages, including a list of extracted keywords, a page summary
including the number of words, links, headings, extracted keywords, meta-keywords and a
summary of the page including key sentences. Zajicek and colleagues [59] and Brudvik and
colleagues [60] evaluated the usefulness of describing a web page using three different types of
summary representation: headings, links and keywords. These authors reported that users chose
headings as the best type of summary representation to describe a web page, followed by
keywords and links.

Attempts to give a short hint or the gist of the page content have also been proposed in several
studies [47, 49, 56]. Harper and Patel [52] proposed the use of gist summaries to assist visually
impaired users in answering the question ‘Should I read this?’. This would aid users to decide
whether the desired information was in the text by allowing them to analyze the summary before
deciding whether to go to the full content. By providing this gist summary, it would assist to
reduce cognitive overload and increase awareness of the focus of a web page under investigation.

Murphy and colleagues [21], Penev [62] and Watanabe [63] suggested that heading, label and
hyperlink elements should be marked up accurately and informatively to eliminate confusion. To
assist blind users during the exploration phase, Morley and colleagues [51] suggested that users
27

must be able to control the auditory output and the system should respond immediately to any
user request. In contrast, a number of other studies [50], [64]–[67] adopted a real world travel
metaphor that utilized travel objects in the environment, such as landmarks and signage, to
support orientation and navigation in the information space, where web users could use these
‘travel’ objects to aid their mobility.

In terms of using data tables, Kildal and Brewster [58] developed TableVis, an interface that
permitted blind users to obtain an overview of large numerical data tables using non-speech
sound generated from a tablet device. Using this technique, the numerical data was mapped to
Musical Instrument Digital Interface (MIDI) values (piano sounds) according to the value with
the higher the value denoting the higher pitch. An input device consisting of a flat rectangular
surface was chosen as the apparatus in the study. The user controlled the focus of exploration
using an electronic pen to maintain the context of the information retrieved. In other words,
pointing at a certain location on the tablet was equivalent to pointing at a cell on the table, which
was scaled to fit the tablet’s working area. This concept is promising and should be further
investigated. This finding is aligned with a study by Chiousemoglou and Jurgensen [56]
regarding the problems with data tables faced by blind users. The researchers concluded that
utilizing other senses and not relying solely on the sense of hearing was the most efficient way to
solve the problems encountered [56].

Table 2.2 demonstrates a list of projects aimed at solving some of the problems concerning the
screen reader program.
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Table 2.2: Previous solutions proposed for screen reader problems
Researchers

Proposal

Morley and colleagues
[51]

Quick and easy way to re-read or repeat the last item. Users must
be able to stop auditory output immediately.

Bigham and colleagues
[23]

Skip Link was assigned at a keypad to skip the page back to
Home/Index.

Murphy and colleagues
[21]

Additional spatial information is needed to enhance exploration
process.

Zajicek and colleagues [3]

Help blind users scan relevant contents quickly and effectively with
headings as the best to describe a web page.

Watanabe [63]

Headings element with proper mark-up.

Harper and Patel [52],
Harper and colleagues
[66], Leuthold and
colleagues [61]

Use of gist summaries.

Harper and colleagues [50]

Extract and reformat content to present relevant information to the
users.

Kildal and Brewster [58]

Overview of large numerical data table using non-speech sound
generated from a tablet device.

Nevertheless, the current screen reader programs in use have not changed much despite extensive
research to overcome their shortcomings. Moreover, the majority of the assistive technology
researchers and developers have focused their work on making the Web accessible for the blind
people, but there has been little effort to ensure that non-visual web browsing is more efficient
[25, 63]. Therefore, considering that future web technology will become more advanced and
complex with time, the usability of new assistive aids, such as the touch screen with auditory
feedback for blind people, should be considered carefully [69].
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2.4 Spatial Awareness

As highlighted in the previous section, to assist the exploration process, Murphy and colleagues
suggested additional feedback or functions to assist blind users to convey the spatial information
of a page [70]. In daily life, as people move into an environment and acquire knowledge about
the spatial relations among places, knowledge is encoded and stored in the human memory with
enables people to find those places again later [71]. There are two mental processes involved,
namely passive processing and active processing. Passive processing refers to the information
that is recalled in the same format in which it was previously memorized, whereas active
processing refers to the manipulation or integration of spatial materials [65, 66, 73].

Each individual has their own cognitive abilities, including spatial ability. Spatial ability is
defined as a measure of the ability to conceptualize the spatial relationships between objects [74]
and transforms the image of spatial patterns into alternative arrangements [75]. In the context of
travel, people with a higher level of spatial ability would easily relocate the places they have
visited. Spatial ability is important not only for navigating in the real world but also navigating
the Web [74]. Moreover, navigations are not just done ‘visually’. We always assume that
congenitally blind people are not able to mentally generate a visual representation of an object
since they have never received external visual stimulation. However, neuroimaging has revealed
that visual imagery can be mediated by objects presented in non-visual sensory modalities [76].
As stated in a study by Vecchi [73], there is evidence that blind people, including congenitally
blind people, have this spatial reasoning ability. In terms of performance, a study by Vanlierde
and Wanet-Defalque [77] demonstrated that congenitally blind, late blind and sighted
30

participants were able to perform an active visuo-spatial imagery task at the same performance
level.

Accessing the different elements of a Graphical User Interface (GUI) poses a big challenge to
blind people because by using the screen reader program they are not spatially aware of the
location of the different elements on a screen. Harper and colleagues [65] and Murphy and
colleagues [21] discussed the importance of spatial awareness for visually impaired web surfers.
It was found that both experienced and less experienced blind users reported difficulties when
collaborating with their sighted peers on Internet related tasks because the screen reader program
was deficient in communicating positional awareness of web page elements [11, 72]. In addition,
by having a positional awareness of elements, blind users could target or avoid certain areas
when searching for desired content.

Harper and colleagues [65] suggested that support for spatial awareness should be provided to
enable blind users to track their position easily. To gain an overview of the page, previews of
fragmented sections, especially the neighboring sections, should be offered to the users and an
access mechanism for each section should aid memory and spatial awareness [79]. Consequently,
this would result in a lowering of the time taken for blind users to become familiar with the page
content [65] and would assist task completion [19].
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2.5 Touch screen Technologies

As discussed in the previous section, a TableVis project by Kildal and Brewster utilized touch
screen technology with sound feedback as an interface to enable blind users to obtain an
overview of data tables [58]. Their proposed solution is appealing as touch screens are
increasingly being incorporated as user terminals for public access in places such as airport
terminals, financial institutions, lobbies, convention halls and shopping malls. As the cost of the
technology reduces, touch screen devices are expected to become more commonly used in the
visually impaired community in the near future. Most importantly, there is a clear trend towards
the use of touch screens in personal portable devices [80].

Recently, assistive technology developers have actively investigated the influence of touch sense
for non-visual interaction [16]. This includes the use of haptic technology and of touch screen
devices with auditory feedback [28, 76, 77]. Haptic technology utilizes tactile feedback through
force feedback or vibration that creates awareness of current stimulus with the help of nerve
receptors under the human skin [83]. Various haptic technologies have become available to
facilitate blind users’ recognition of the presence and position of images and hyperlinks [70], to
facilitate their understanding of structure and layout [14, 17], to discover characteristics of image
[14, 80] and to assist in the reading of data tables [52, 53].

While some researchers utilized specialized electronic tactile displays that were very expensive,
a small number of researchers investigated common touch screen devices such as touch monitors
and touch-based tablet devices to assist blind people to access the Internet [28, 77, 79, 82]. The
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main advantage of using touch screen devices is the ability to interact with elements that are
spatially dispersed over an interaction surface [77, 83]. In addition, no intermediate device is
needed in the hand other than a stylus, which is optional for most modern touch screens. The
main challenge of using a touch screen without visual ability, however, is that touch screen
technologies do not provide any tactile signal to distinguish between control elements and
information space [85, 86].

Roth and colleagues [14] developed an assistive tool for a normal PC with a touch screen
monitor. This tool enabled blind users to access the Internet using their senses of hearing and
touch. The users interacted with a touch screen monitor by pointing their finger on the screen and
listening to the system’s responses via a speaker in order to gain an overview of the page. The
system represented each web page element using a sound and stimulated three-dimensional
sound space, depending on the finger position on the screen. Consequently, blind users could
explore the spatial organization of the page and develop a mental image of what was displayed.
The study showed that by adding the touch modality into the environment, location awareness of
web elements could be improved.

The latest touch screen devices provide innovative accessibility features to make the device
easier to use for those who are blind or have impaired vision. For example, Apple iPhone and
iPad devices are equipped with a screen reader program called VoiceOver. VoiceOver is the first
gesture-based screen reader program to support user-computer interaction through touching and
audio feedback. VoiceOver is embedded into the Apple devices so there is nothing extra to
purchase or install. With VoiceOver, the blind users can use simple gestures to physically
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interact with items on the screen [87]. Instead of memorizing key commands or repeatedly
pressing arrow keys to find the desired information, blind users just need to touch the screen to
hear the content and then interact with gestures such as a single tap, double-tap, drag, or flick to
control the iPad (Figure 2.4).

Figure 2.4: Common gestures used for touch screen devices — from left: tap, drag/slide
and flick

There are two kinds of tap gestures; single and double tap. A single tap gesture is the action of
placing a finger on the surface of the device for a very short time, similar to clicking a mouse.
Commonly, a user will use this gesture to select a menu option or select a specific item [25, 83].
Similarly, a double tap is the action of performing quick tabs twice to make a selection [25, 83].

A flick gesture is the action of moving a finger in a brushing motion lasting approximately 75
milliseconds as the finger straightens out [25, 83]. This gesture enables forward or backward
traversal of the content. As a result the user gets a serial list of the original content which is
similar to using a screen reader program with keyboard interaction. Moreover, the user has to
make many flicks in order to get to an element that is spatially close though far out on the DOM
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tree [89]. For example, Figure 2.5 illustrates how a flick to the right made on the Apple iPad
tablet shifts the reading position to the right of a table cell. To go a row down, however, users
have to keep flicking to the right until the end of the current row, as shown with dotted lines on
the screen. This leads to the problem of ‘finger-fatigue’ caused by continuous flicking [28].
However, the flicking gesture has its own advantage too, in that users can make precise choices
about what they will hear, even if it is difficult to place their finger on the small item.

Figure 2.5: Flicking movement in VoiceOver program

Finally, the drag or slide gesture occurs when the user’s finger touches the surface and moves
without lifting the finger from the screen. The drag gesture is one of the main advantages of
touch screen device, where the users can perform page exploration by ‘gliding’ the page. The
VoiceOver verbalizes the element currently under focus, which can provide quicker access to
locate the information. In other words, VoiceOver users can hear how items are arranged on the
screen as the items are arranged corresponding to the position the users are touching on the
screen.
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VoiceOver enables users to interact directly with objects on the screen enabling users to
understand their location and context. For example, when a user touches the upper-left corner of
the screen, they hear what is in the upper-left corner of a page. Using this ‘dragging interface’,
users can learn about the nearby objects, which provides a sense of relationship between the
objects and their context [28]. The combination of drag and flick gestures can minimize the
‘finger-fatigue’ problem. If users have trouble locating a particular item, they can touch any
section or item that has a similar context, then flick left or right to move one item at a time until
they find the desired information.

In addition, VoiceOver also supports interaction by looking for common items such as tables,
images, headings and links. To support these features, VoiceOver has introduced a unique new
virtual control called a ‘rotor’ that mimics a physical dial. Users use the rotor to change
VoiceOver settings and access commands and other features. To trigger this function, a user
needs to rotate two fingers (as in turning a dial) on the screen. As the user turns the rotor, they
hear each of the VoiceOver settings. To choose a setting, the user flicks up or down to hear the
occurrence of each selected item.

2.6 Mental Model

The purpose of this section is to describe the state of existing knowledge about mental models in
HCI. Given the interdisciplinary nature of the HCI field, there is a certain diversity in the

36

terminology used in the literature published. These differences, the importance of mental model
data and previous related studies will be discussed in this section.

According to the mental models theory, user performance is guided by the user’s mental model
[90]. A mental model is a concept that humans develop internally to describe the location,
function and structure of objects and phenomena in computer systems [91]–[93]. This mental
model describes the deductive logic of thought processes of people as they work to solve a
problem [89, 90] and assists to guide the users behavior and describe the approach to solving the
problems and carrying out the tasks. Mental models form the basis for articulating ‘how we
know what we know’ [91].

Sasse [32] in her PhD work, provided a comprehensive review of mental models that covered
psychology, cognitive science and HCI disciplines. She argued that many researchers in HCI
focused on producing the conceptualization of a user’s mental model, rather than examining the
mental model itself. The problem with this approach is that the conceptualization of the user’s
mental model does not represent how the user thinks and behaves with sufficient accuracy.

2.6.1 Previous Studies on Sighted People’s Mental Models

A mental model is based on belief and not facts. In other words, it is a model of what users know
(or think they know) about a system such as a web page. As far as designers are concerned, what
the user is thinking is closely related to what is conceptualized by the designers. However,
because of their familiarity and skills, it is common for designers to form mental models of their
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own creations and to believe that each feature is easy to understand. As a result, for general
users, the designers’ mental models of the system are likely to be incomplete representations
which makes the system much more difficult to use and the users are more likely to make
mistakes [21, 91]. Therefore, the development of a usable system requires the designer to
analyze the conceptualization of the system’s model to be presented to the users. The model
should be appropriate for the target population and involve the potential users during the analysis
stage.

There are two ways to elicit mental models. The first is by imposing a conceptual model during
training and trying to elicit users’ mental models after they are exposed to the system [90]. An
alternative way is to elicit the mental model without a predefined conceptual model, as some
applications, such as the Web, are too complex to build a normative model for comparison [29].
The most popular methods to elicit user mental models are through interviews and think-aloud
protocol [29].

Sasse and Norman reported some evidences from a series of observational studies of user’s
interactions with application systems in which they proposed that a user’s existing knowledge
and experience was likely to influence the model constructed [32, 90]. Usually, people with more
experience in using the Internet have better strategies for swift navigation whereas less
experienced users are satisfied with conventional scanning [19, 42]. Other factors that affect the
mental model include frequency of using the similar system and the technical background of the
user [90]. However, previous researchers have disregarded these factors in their studies and in
order to resolve this issue, researchers should validate the homogeneity of experience using a
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benchmark test or select tasks within users’ general knowledge and experience. Sasse claimed
that it was easier to detect similar user’s mental models and problems in a homogeneous user
group [32] and that users should work on the same tasks in the same order.

Sasse evaluated different experimental scenarios for investigating user’s mental model. One of
the scenarios she used was experimental style, which required the user to perform a set of tasks
using a computer application to derive performance data [32]. As discussed previously [97],
among the measures of performance were task completion, time to complete the task and error in
completing the task. During these experiments, each user was prompted by the investigator to
think aloud while completing the task [32]. Sasse believed that verbalizing the reason for the
errors was a more natural way to extract verbal data [32] as user errors were systematic and
happened usually because of similar reasons.

Another experimental scenario was constructive interaction [32] in which Sasse explored two
types of constructive interaction scenario, namely, teach-back and joint exploration. Using these
methodologies, the users were more interactive and communicative. However, there were some
disadvantages with this method as the users were dependent on the ‘learner’ (investigator) when
they faced difficulties and less experienced users were more passive due to lack of confidence
and expectations of guidance.

Sasse also discussed three forms of data collection for mental model studies. The first is
Performance Data, which typically assesses a user’s task completion (time taken to complete the
tasks) and number of errors [32]. The second is Online Protocol, which records the user and
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system actions. The third type is Verbal Protocol, which requires users to verbalize during
interaction with the system.

Sasse suggested that alternative ways to elicit user mental models that should be considered
include drawings or diagrammatic representations and schema-like representations [32]. Schemalike representation is the additional description of the existing model, including functions,
components and properties of the extracted model. This suggestion was supported and adopted
by several mental model researchers, including Zhang [29, 98], Efthimiadis and Hendry [99], Yu
and colleagues [70] and Papastergiou [100]. Those studies adopted drawings in their approach
and although the researchers reported that drawings were effective in conveying user mental
models, Yu and colleagues [70] claimed that when eliciting blind user’s mental models using
drawing, some participants were not able to correctly align the elements on paper.

2.6.2 Previous Studies on Blind People’s Mental Models

Most research on mental models in information technology focuses on sighted people, with only
a small number of researchers drew their attention to the plight of blind people. In addition,
Revilla and Crow [57] found that a great deal of researches in assistive technology focused
specifically on accessibility and paid less attention on other aspects of the user experience. To
develop accessible interfaces and assistive aids for blind users, it is important to examine the way
in which blind people interact with the interfaces and the system.
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A study by Murphy and colleagues [21] was conducted to understand the mental model
generated by visually impaired users when accessing the Web using assistive technology. The
study adopted a qualitative survey with 30 blind and partially-sighted people. The researchers
reported that the mental model of the screen reader user was a vertical list of information and
hyperlinks and the user attempted to remember the sequence of the interested items when they
scanned for the desired information. The study also conveyed that additional spatial information
was needed to enhance the exploration process as it was a burden to the mental load if the screen
reader user had to memorize a large set of options. Furthermore, for wide-ranging and complex
web pages, the ‘vertical list’ was too extensive and overloaded the working memory capacity.
Here, simplicity of a web page is important to encourage the user to continue searching for the
desired information on the page. According to a concept in information foraging theory [101], to
achieve simplicity, a web designer should make web pages look like a ‘nutritious meal’ and
signal the user that it is easy to ‘catch the meal’.

Kurniawan and Sutcliffe [102] conducted a study to investigate blind users’ mental models of
Windows environment and their strategies to cope with new applications, through interviews and
user observation. It was reported that the blind user mental models were either structural or
functional. Participants with a structural view were able to visualize the arrangement of the icons
on the desktop. However, participants with a functional view did not visualize the arrangement
of the icons but rather focused on how to execute the application by knowing the associated
keystroke or shortcut key for each application or function. In other words, the users’ mental
models were actually a series of functions and commands and when using a new system, the
study participants performed extensive exploration to discover the new function.
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Another work that involved blind people performing several tasks using a screen reader program
was by Takagi and colleagues [22]. The focus of this study was to observe the interaction and
strategies adopted by blind users when accessing online shopping web pages. In their study,
Takagi and colleagues observed the mental model used by screen reader users to access the
online shopping web pages as shown in Figure 2.6(a). It was reported that the screen reader users
focused on landing in the main content area by using gambling scanning or exhaustive scanning.
Instead of looking for headings for navigation, screen reader users were actually looking for
landmarks with strong scents. This was different from what was anticipated at the start of the
study; i.e., screen reader users should have an ideal mental model with logical navigation, as
shown in Figure 2.6(b).
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Figure 2.6(a): Observed mental model (Takagi

Figure 2.6(b): Ideal mental model with logical

and colleagues [22])

navigation (Takagi and colleagues [22])

2.7 Conclusion

When using a screen reader program, blind people can only get a one-dimensional string of
content fragments [22]. The mental model created from the screen reader output will have very
little two-dimensional perspective with no two-dimensional layout. Current studies have
demonstrated that it is time consuming and exhausting for screen reader users to serially scan a
page for the desired content [24]. Moreover, without the meta-information provided by the
layout, interpreting these pages are confusing for screen reader users as they do not know where
they should focus their attention, as they do not have the spatial awareness of the elements’
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position on the screen [21]. To solve navigation problems using screen reader program, the
screen reader users will try to remember the sequence of items of interest [21]. Besides, the
screen reader users search for desired information by using gambling scanning or exhaustive
scanning: looking for landmarks with strong ‘scents’ [22].

This chapter provides the framework and scope for this study by reviewing the literature
associated with the four main research questions within this study (see Chapter 1). This chapter
has reviewed work on mental model which clearly shows that there is a strong link between
mental models and blind users’ web navigability. The theoretical and empirical studies reviewed
show evidence that the appropriate mental model of a web page will facilitate users’ learning of,
and interaction with, the Internet. Therefore, the choice of mental models theory as a basis for
designing more accessible and usable technology and systems for blind people is justified.
However, whether the touch screen with audio feedback framework would provide blind users
with a better sense of orientation and position of a web page is not yet answered.

44

Chapter 3
RESEARCH CONCEPTUAL FRAMEWORK AND
HYPOTHESES DEVELOPMENT
3.1 Introduction
As discussed in Chapter 2, accessibility concerns the access to all features and functionality of a
product, device, service or environment by as many people as possible [33]. It can be interpreted
as the ability to access, and benefit from, some system or entity. On the other hand, usability
refers to quality attributes that assess whether a product, device, service or environment is
capable of performing its intended purpose and determines how easy users find the use of the
product [40]. Accessibility and usability problems in Web-based systems present challenges at
different stages of task completion. Examining the process through which a user performs a task
assists designers to understand the nature of the user’s problems [37, 103]. This study examines
the processes involved when blind users perform online tasks in a multimodal environment
which is the integration of the information gathered from different sensory modalities such as
hearing and touching senses.

This chapter discusses the theoretical framework, conceptualization of research constructs,
relationship of variables, research proposition and the hypotheses. Within this research
framework, there are two main theories that are investigated: Problem-Solving Theory and
Mental Model Theory.
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3.2 Problem-solving Theory

According to Simon [104], the process of performing a task consistent with the process of
solving a problem. The problem-solving model involves full interaction between users and
systems. These interactions include user perceptions, user actions and the cognitive needs of
users [105]. The problem-solving model is used in this study as a mechanism to understand the
perceptions, actions and the cognitive needs of the blind users and what they have to pursue in
order to complete web browsing activity in a multimodal environment.

The process of solving a problem involves several steps in making a decision [104]. Newell and
Simon [106] have discussed the different stages of problem solving including representing the
problem and selecting a problem space [106]. In other words, the problem solver starts with a
formulation of the problem and chooses the problem space which comprises a collection of rules
and actions for achieving a goal [104]. The next step involves choosing a method that is adequate
to reach a solution consistent with the user’s mental model and making a decision about the most
appropriate method is often the most challenging step, as there can be several different
methodologies which may lead to the same goal. Therefore, making decisions about the problem
space and the most appropriate method is essential for goal accomplishment.

The execution of the method proceeds through several stages, each associated with a mental
model and a corresponding set of actions. Different actions impact the situation differently with
information about the effect of each action on the system state used to facilitate the update of
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mental model. When this information is not consistent with expectations, additional cognitive
effort is utilized to process the problem, which negatively affects the user’s performance.

Real life tasks require not only finding information, but also problem solving and decision
making [25]. Therefore it is important to synthesize the problem solving process to understand
how blind users formulate a problem, how they select and apply a method and what they do
when the problem is too complex. To better understand blind users’ decision-making behavior
when they are interacting with the Web, the next section specifically discusses aspect of problem
solving and its relationship to the mental model theory.

3.3 Mental Model Theory

Initially, because mental models are not directly observable, behaviorists rejected mental models
as a legitimate scientific concept [107]. However, developments in cognitive science and
artificial intelligence, where the mental models are specifically modeled and found to have
measurable correlation in behavior, have brought this concept back into the focus of research.
Discovering what users know about the components of a system, their interconnection and the
processes involved is important in designing a set of appropriate actions, so that the system can
be designed to fit the user’s goals in accomplishing tasks.

As proposed by Nielsen [108], there are five elements or participants of models involved in the
study of mental models: i) user (U); ii) computer system (C); iii) task performed by user (T); iv)
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the surrounding world in which user performs (W); and v) the researcher looking at any of the
above (R).

Table 3.1 shows the notations used to represent the mental models and the mapping relationships
for the mental models. These notations, clearly demonstrate who holds a particular mental
model.

Table 3.1: Notation of mental models
User (U)
Computer UC
system
User’s mental model
User

Task

World

Designer (D)

Researcher (R)

DC

R(UC)

Design model

Conceptualization of user’s
mental model

DU

RU

Designer’s model of the
user

Researcher’s model of the user

UT

D(UT)

R(UT)

User’s mental model of
task

Designer’s model of user’s
task

Researcher’s conceptualization
of user’s task

UW

D(UW)

R(UW)

User’s knowledge and
experience

Designer’s model of user’s
knowledge

Researcher’s conceptualization
of user’s knowledge

—

These elements are then combined to provide an indication of who holds a representation of what
using a simple notation [32]. It is important to clearly map the interested model to be
investigated. Therefore, for this study, the following notation is examined as introduced by
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Norman [90] to investigate the difference between models held by users when using the system
(UC) and the conceptualization model of the task by the researcher (R(UC)):

UC versus R(UC)

Figure 3.1 shows the relationship of two participants of models involved in this mental model
study. The ‘user’ in Figure 3.1 refers to blind people accessing the Web using a touch screen
with audio feedback (multimodal environment). The user develops a mental model (‘User’s
mental model’) through their interaction with the system and uses this model to guide their
actions during the problem solving process. On the other hand, the researcher thinks about an
appropriate and idealized model for users to develop (‘Researcher’s model’). Together the
researcher’s model and the user’s mental model form the conceptual model of the system.

Mental models comprise knowledge structures and cognitive processes relevant to the problem
situation. Users may hold different mental models of the same system depending on the context
of use [97] with each model having a structure corresponding to the structure of the particular
situation. [95]. This study adopted this concept to understand the role of mental models during
problem solving by blind users which assists in the understanding of the problem situations and
predicts the consequences of the chosen actions [92].
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Researcher’s model

Researcher

Researcher’s model
of user’s mental
model

Multi modal environment

Conceptual model

User

User’s mental model

Figure 3.1: Relationship of participant’ models

Previous mental model researchers observed that users’ information seeking strategy is task
driven, which strengthen the case for task–action models [11, 46]. The task–action model by
Young covers a set of corresponding relationships between tasks and actions [97]. Young
defined task–action mapping models as reduced models that relate the connection between a task
and the user actions required to perform that task. A task includes something the user wishes to
accomplish that is associated with an action the user must do in order to accomplish the task. To
construct such mapping, the designer selects a set of central core tasks and users translate the
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tasks into a sequence of actions which they have to perform on the computer. The task–action
mapping model is reported to be an ideal model for non-expert users who want to use the
computer as a tool, since it takes less time and mental effort to acquire and maintain.

Spence [109] proposed a framework that defines navigation as the creation and interpretation of
an internal model. This framework is composed of four cognitive activities: i) browsing; ii)
formation of an internal model or cognitive map; iii) interpretation; and iv) formulation of a
browsing strategy. The navigational process comprises a sequential and iterative process of these
cognitive activities and realizes the importance of the formulation of a mental model. This study
will mainly refer to the framework proposed by Spence [109] as a navigational model.

The browsing activity as defined in this framework suggests that, initially, a user will assess the
contents of a space and the result of the assessment is temporarily held in the user’s memory,
primarily as perception. For example, web users will usually scan through a web page based on
their initial goal before deciding what to read. The content that is assessed in this stage is then
integrated and constructed into the internal mental model, involving the formation of the internal
model step. The interpretation step entails processing and interpreting the available internal
model and displayed data to form a decision on how the navigation process should proceed,
resulting in the formulation of a browsing strategy.

The purpose of studying mental models of blind users accessing the Web in a multimodal
environment is to understand the underlying cognitive processes of blind users’ behaviors and to
use this understanding to propose usable interface designs and effective interaction commands.
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3.4 Usability Outcomes

Usability evaluation provides information about how users use a system to meet their needs. This
assessment usually measures the ease of use of the product as a web page or web application,
system interface, documents or electronic devices. According to the International Standards
Organization (ISO), usability refers to the effectiveness, efficiency and satisfaction with which
specified users achieve specified goals in particular environments [36, 37, 39]. Based on this
definition, there are three basic measurements used to test the usability of a product or system to
achieve specified goal. These measurements are effectiveness, efficiency and satisfaction [37].
Effectiveness refers to the accuracy and completeness obtained by the user in achieving the
objectives of use. Efficiency is defined as resources spent by the user in order to ensure accurate
and complete achievement of the objectives. Finally, satisfaction refers to freedom from
discomfort and positive consumer response to the use of a system.

Usability of web pages is a multi-dimensional construct that can be examined from various
perspectives and aspects. These include page design, functional design, content, computer
systems and networks [38]. Spool [110] and Turner [111] postulated further that usability can
also be examined from the perspectives of graphic design, navigation, accessibility and
interactivity.

There are two main approaches to evaluating usability. The first approach is using an empirical
technique [38] which emphasizes user performance and attitudes under specified conditions. The
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second approach is using an analytical technique, which involves a usability expert assessing the
system using established theories and methods [38, 112]. This study is interested in investigating
multimodality interaction capabilities in terms of effectiveness, efficiency and blind users’
satisfaction, to achieve their goals when browsing the Web using empirical technique.

3.5 Navigation Factors
Navigation is a natural behavior that allows users to identify the information being presented.
Current screen reader programs impose navigation constraints as the users can only ‘hear’ the
content in serial format which often fails to convey the spatial representation of the information
on a page. According to the WCAG 2.0, navigation has two main functions, namely to tell users
where they are and to enable users to go somewhere else.

In order to analyze a web page, there are two phases of web page exploration needed [14].
Firstly, macro-analysis corresponds to the ‘where’ stage in visual perception and is typically
associated with the orientation the layout of the page. A macro-analysis phase allows for
understanding of the document structure and of the element types used in a particular page.
Secondly, micro-analysis corresponds to the ‘what’ stage and is typically associated with the
sense of position of the page. A micro-analysis phase lets users focus on one particular object to
obtain its content.

These phases are iterated, which means that users iteratively perform a series of macro- and
micro-analysis explorations [113]. The design of web pages and the assistive aids should aid
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these explorations to enable blind users to get their desired content effectively. However, in
terms of current touch screen display with audio feedback, there is a lack of empirically based
guidelines for designers to use. In this study, the researcher is interested in navigation within a
page. There are several related factors for navigability, which are discussed in the following
sections.

3.5.1 Orientation

When navigating a web page, a user starts with the exploration phase. Users normally perform a
quick glance to gain an overview of the structure and content of a web page. Contextual
information is necessary to construct a logical representation of a web page [114] and gaining an
overview of a web page using a screen reader program was found by users to be difficult [21]. It
is important for blind users to gain the overview of the information presented on a web page to
minimize the risk of missing important information [15, 115]. The interactions depend solely on
the mental models that are built in addition to the existing user experience. When the mental
models do not conform to the structure of the system being used, then this causes problems for
users.

To be able to effectively navigate through a virtual world with minimal prior knowledge of its
layout, cues or guidance in presenting information are required to help users make their next
navigational decision. Adding auditory feedback to a touch device would integrate structural and
navigational information to the content of the information space. This would lead to the
browsing or simultaneous scanning of the content, which in effect may lead to more effective
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interpretation of the information structure and consequently to improved modeling of the space.
It is hypothesized that the presence of touch-based auditory feedback will reduce the cognitive
load imposed on blind users to create an internal model of the information structure.

3.5.2 Sense of Position

As defined by Newby [116], navigation is human behavior intended to make sense of an
information space. In order to navigate a web page effectively, blind users have to be able to
make sense of the content grouping and labeling of navigation items [61]. Since there are
increasing options to be selected in most electronic systems than in traditional text, this can cause
a user to lose their sense of direction and location. Any information system with a poor
navigational structure can leave users feeling disoriented and frustrated [122] and lead them to
feel that they lack control over the interaction [123].

Disorientation is defined as a tendency to lose a sense of location and direction in a document
system [117]. Benyon and McCall [118] have identified that disorientation, which is described as
‘not knowing the current position relative to the overall structure’, as one of the main
navigational problems encountered by users, especially in hypertext systems like the World
Wide Web [119]. Jeng [120] studied the issue of user ‘lostness’ and navigation disorientation.
The issue of user lostness occurs when users build mental models based on the understanding
that they have in their minds and then use the model to interact with the system. This may be
caused by the user having difficulty understanding the structure or the relationship between the
system and the interface [121].
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3.6 Factors Affecting Mental Models

Researches in HCI stressed the importance of fulfilling individual needs and expectations [124]
[125]. At the same time, it is important to understand the various and complex human behaviors
that occur when people use computers in daily life and this can be challenging. Some reasons for
this are the large range of tasks that a computer can perform and the diversity of users. The
identification of cognitive and personal characteristics that influence the way people interact with
computers is an important and crucial step for a successful human–computer interaction. In HCI
research, it has been suggested that the development of adaptive user interfaces be based on
individual user differences [124]. Such research suggested that individual differences such as
personality, cognitive abilities, cognitive style, gender, age and domain knowledge should be
taken into account when designing user interfaces [124].

Norman [90] and Carroll and Olson [107] pointed out that formulating a design model and
communicating it through the interface does not necessary result in the user’s mental model and
behavior intended by the designer. The differences among individuals in terms of user cognition
and personal characteristics have an effect on interaction [30, 74, 91]. Some of the factors that
affect a blind user’s mental model on navigation are discussed in the next section.
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3.6.1 Page Layout

Kurniawan and Sutcliffe [53] investigated blind people’s mental models in dealing with a new
Windows-based screen reader program. One of the important findings from the study is that
blind users will ignore any complex diagram or layout because the screen reader program does
not have the capability to describe it to them. The same interactive effect between mental models
and task complexity was found in a study by Borgman [126]. This study reported that complexity
affects performance in complex tasks that require some problem solving skills and creativity. In
contrast, for routine or simple tasks, Borgman speculated that the inventions provide no
interactive effect.

Effective information presentations are critical for information rich domains. Web pages such as
news and shopping sites often use modular layouts (see Figure 2.3) [26, 57]. Modular layouts are
more flexible than multi-column formats. A modular layout also provides a clean and simple
appearance that is extendable, flexible and fast to produce. Moreover, this layout is preferred by
users [57]. When used effectively, a modular layout allows web authors to clearly present large
amounts of information in a single page. Using a modular layout, related elements are packed
and arranged in a vertical module with suitable titles chosen to represent related elements.
However, modular page layouts have a multi-dimensional nature that challenges the onedimensional interaction style of screen readers [57].

Another popular layout used by web designers is multi-column layouts (See Figure 2.3) [57].
The use of multiple columns arranges information in such a way that it is easier to read, provides
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flexibility for layout design and allows large amounts of information to be contained in a single
page. The narrow columns in a multi-column layout may increase reading speed and reduce the
chance of people missing their next line when moving their gaze.

Investigating how blind people interpret different web page layouts is relevant for mental model
research [57]. Different layouts require different levels of working memory load, which may be
affected either by the intrinsic nature of the information, by the manner in which the information
is presented, or by the effort required to construct internal representation [119]. This study
investigates an important aspect of web navigation tasks, namely layout complexity, which has
been identified as a factor that can decrease the quality of HCI.

3.6.2 Users’ Existing Knowledge and Experience

When using a particular system, users will approach it with different mental models and
assumptions [92] based on their pre-existing knowledge [90, 91]. For example, Otter and
Johnson [119] identified a significant correlation between the accuracy of subjects’ mental
models and their level of familiarity with hypertext systems. Juvina and van Oostendorp [125]
demonstrated that domain expertise is a positive predictor of task performance where
effectiveness is defined as a combination of correctness and completeness. This is also supported
by Thatcher and Geryling [127] and Papastergiou [100] who found that experienced users hold
more complete and detailed mental models of the Internet than inexperienced users.
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Staggers and Norcio [30] emphasized that the mental models of experienced users are richer,
more abstract and more complete than less experienced users. In addition, experienced users are
likely to commit fewer errors, employ more strategies in problem solving, perceive less cognitive
workload and be more efficient in completing the tasks.

3.6.3 Spatial Ability

As discussed in Chapter 2, spatial ability is crucial if information search tasks require the mental
construction of a model of the organization and structure of the information that is obviously
important to blind web users [78]. Since most information is laid out spatially, web users are
dealing with spatial models of navigation. Allen [72] described the main area of application for
spatial models by using semantic models as an example, the underlying semantic relationship
between information objects is mapped onto a spatial layout. The systems using this model can
group objects according to similarity or semantic relationship between objects and render these
relationships as spatial dimensions.

Spatial ability is often cited as a predictor and important determinant of an individual’s
performance in HCI [28, 75, 128], including performance of web-page navigation by blind
people [21, 65]. For example, Juvina and van Oostendorp [125] demonstrated that spatial ability
is a positive predictor of task performance and it is therefore inappropriate to think that the use of
multimodal interaction in accessing the Web will benefit everyone equally, regardless of his or
her spatial ability. This study is interested in investigating the influence of a user’s spatial ability
on blind people’s performance of web navigation, using multimodal interaction.
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3.7 Research Framework, Research Questions and Hypotheses

The research framework shown in Figure 3.2 presents the variables for determining the effects of
multimodalities on a user’s mental model and the moderating effects of the user characteristics
on their performance.

Most web pages are designed with some kind of two-dimensional structure or layout. For sighted
people, these two-dimensional structures are usually far more effective in conveying
information. On the other hand, for screen reader users, there is only a one-dimensional string of
fragments of the original content. The lack of two-dimensional information in the mental models
of screen reader users is their main obstacle in using the Internet effectively.

It is hypothesized that by augmenting a touch screen display with audio feedback, blind users
will be able to develop a two-dimensional perspective in their mental model. If their mental
model of a web page is two-dimensional, blind people will then be able to gain both an overview
of web pages accurately and a sense of position on web pages. These are important in the
navigation of web pages.

The research constructs which have been conceptualized for this thesis are based on previous
related literature discussed in Chapter 2 and the research framework depicted in Figure 3.2. In
order to investigate the factors affecting the use of multimodal interactions to navigate web
pages, the accessibility and usability aspects are used as determinant factors. In addition, to
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examine the factors affecting usability and accessibility, user characteristics, including user
behaviors, are also investigated. Additional demographic data variables are also studied.

Independent Variables

Dependent Variables

Modality:

Orientation (accuracy)

Hearing sense only (screen-reader)

Sense of position (time
to answer)

Hearing and touch senses (touch
screen with audio feedback)

Moderator Variables
User’s ability and
preference


Page layout



Existing knowledge



Spatial ability



Demographic

Figure 3.2: Research framework

The propositions of this study are as follows:

P1: The blind user is able to get a two-dimensional perspective of a web page by using his or her
sense of touch together with his or her aural sense.
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P2: Individual differences in spatial ability influence the way blind people navigate a web page.

As stated in Chapter 1, the purpose of this study is to investigate differences in mental models
created by blind people from a two-dimensional web page using two different means: i) using a
touch screen with audio feedback; and ii) using a screen reader only. If the mental models
created by blind users can contain two-dimensional information, it may help them develop a
better orientation of a web page and improve the task of navigating the Web.

The research questions for this study are:

•

Research Question 1: How different are the two mental models in terms of their
representation of a web page structure?

•

Research Question 2: How differently does the blind user locate the information using a
touch screen with audio feedback, compared with using a screen reader program only?

•

Research Question 3: When using a touch screen with audio feedback, is there any
difference, in terms of mental workload, between the blind and the sighted blindfolded
participants?

•

Research Question 4: Is there a relationship between a user’s spatial ability and his or her
performance when using a touch screen with audio feedback?

To proceed, a specific and testable prediction, or hypothesis, about what is expected to happen in
the study is needed. In order to examine the effect of using a touch screen with audio feedback
(bi-modal) on a user’s mental model and to investigate the effect of their spatial ability to
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facilitate the construction of a two-dimensional perspective in their mental model, four
hypotheses have been derived:

•

H1:

Using a touch screen with audio feedback, blind users will achieve more accurate

orientation of a page than when using a screen reader program only.
•

H2:

Blind users will locate information faster when using a touch screen with audio

feedback than when using a screen reader program only.
•

H3:

Blind participants with a high level of spatial ability have more accurate

orientation of a page when using a touch screen with audio feedback.
•

H4:

Blind participants with a high level of spatial ability locate information faster

when using a touch screen with audio feedback.

The adoption of touch screen devices to access the Internet has started to attract the attention of
the blind community. However, more rigorous research is needed to investigate the effectiveness
of multimodalities on a user’s mental model, accessibility and usability.

3.8 Conclusion

As an interdisciplinary study, this research is likely to contribute to the fields of cognitive
psychology and HCI. In cognitive psychology, exploring the construction of mental models is
useful for understanding the development of mental representations, as well as the role of mental
models in problem solving. In HCI, this exploration could provide system and interface
designers with a model-based view of the end user for multimodal interaction. This model-based
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view could assist designers to understand blind users’ specific requirements and the process of
how a blind user makes sense of a system.
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Chapter 4
INVESTIGATING THE USER’S MENTAL MODEL
4.1 Introduction

This chapter describes the research design and methodology adopted for this study. The chapter
starts with an overview of the research design and a description of the research approach. Next, it
discusses the selection of participants. It then describes the development of instruments, the
hardware and software used in the study, data collection procedures and the experimental pages
involved in the study. The chapter concludes with the data analysis techniques.

4.2 Research Design
In this study, a mixed research method design was employed in an attempt to build a relationship
between what we see happening, what we think is happening and how we might test the resulting
theory [129]. A quantitative research paradigm was conducted initially followed by a qualitative
research paradigm using observation, verbal protocol and semi-structured questionnaires.

The experiment involved observing users interacting with computer systems whilst capturing the
users’ behavior and their interaction with the system in as much detail as possible. If evidence
for user mental models could be found in the data, a detailed set of data could be used to evaluate
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existing theoretical statements about user mental models and serve as a basis for formulating
HCI specific theories of user mental models.

This study utilized a mixed-method approach to evaluate the accessibility and usability of
multimodal environment for blind people. This approach embeds the traditional qualitative
research design into quantitative data as proposed by Creswell [130]. The reason for adopting
this research design is because a single method seems insufficient to reach conclusive answers.
The combination of two methods offers more insight into the issues and provides a
comprehensive view of multimodal interaction using touch screen with audio feedback.

From a quantitative perspective, using experimental research techniques, the usability of
multimodal interactions can be explained by interpreting numeric representations of concepts
and their relationship. The quantitative-experimental approach provides better control regarding
the investigation of how a given task is performed with hearing sense only and with both hearing
and touching senses capabilities. In addition, it provides information regarding how well the task
was carried out and the steps or strategies involved.

Given the nature of the study in which it was carried out, relying primarily on a quantitative
approach would not have yielded as rational results as possible. The quantitative approach has to
be used very cautiously, as participants were not exposed to the system long enough to have a
reasonable grasp of the multimodal concept. For example, their performances might have been
affected by factors other than the multimodal interaction which might have affected their
incomplete understanding of the new concept. Moreover, a drawback of relying only on a
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quantitative approach is that it offers very little understanding as to why participants carry out
their tasks in a specific manner. For example, much more observation would be needed to
determine why a particular layout was obvious to most of the participants but not obvious to
others. As a result, this study attempted to use qualitative methods to complement quantitative
methods whenever possible.

In contrast, a qualitative approach is based on the assumption that a phenomenon can be
explained based on how people make sense of it. Qualitative analysis can be performed using
verbal data where participants were required to verbalize their thoughts and feelings during their
interaction with the system. Thus, although this study employed quantitative research techniques
to analyze data gathered from the experiments, qualitative studies using content analysis of
observation data was also performed to examine the ‘overlapping and different facets of the
phenomenon’ [131]. For that reason, verbal data was gathered in this study. Content analysis was
employed to examine the data. Through content analysis, it is possible to filter the transcribed
data into fewer content related categories that share the same meaning [132].

However, this study is dependent on the mental model study by Norman [90], who reported that
relying only on a verbal protocol was inadequate to completely describe the mental models of the
participants. Norman believed that what people believe and how they act are two different
matters. Thus, by using a verbal protocol, participants are usually forced to provide a reason even
if they do not understand why. Therefore, analysis of user actions was conducted in this study to
increase our understanding of the data. All studies were recorded on video and audio recorder,
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transcribed and analyzed. To examine how participants rated the tasks given in the experiments
and their satisfaction, this study also employed descriptive analysis through questionnaire.

In the designing of the study, three methodological questions were addressed:

1. Which type of mental model data is feasible to gather from blind users?
2. Which investigation scenarios are suitable to elicit a user’s mental model when the user is
accessing the experimental pages without vision?
3. Which methods of data collection and analysis can be used to detect evidence of a user’s
mental model?

The aim of the study design was to find a balance of internal and external validity that is
appropriate for the phenomenon under investigation. The choice of participants, tasks,
experimental pages and system were all considered before the final conclusions were drawn.
Based on the embedded mixed-methods design, data was collected for both quantitative and
qualitative studies. Quantitative data was collected from user experiments, with the intention of
recording their performance on task completion and representing their visual imagination using
diagrammatic representation. Qualitative data was collected through observation, verbal
protocols and semi-structured questionnaires to capture user behavior and satisfaction and to
observe their interactions with the system.

The research aim was addressed by conducting two experiments. The first experiment required
participants to access experimental pages using a touch screen display augmented with audio
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feedback. The second experiment required participants to access the pages using a screen reader
program. In other words, each participant accessed the experimental pages using two different
modalities: i) using a touch screen display with audio feedback; and ii) using a screen reader
only. A within-subject crossover experimental design was employed in this study. The benefits
of the within-subject crossover design was the elimination of between subject variance and
reduced the sample size required [129], which is appropriate for this study.

However, within-subject crossover design has a major disadvantage namely the learning effects
[133]. Learning effects occur when participants rely on experiences obtained in the first part of a
study to implicitly improve their performance in the second part. To reduce the learning effect in
this study, half of the participants were asked to access the experimental pages using the screen
reader program first, then using the touch screen display with audio feedback. The other half of
the participants accessed the experimental pages in the reverse order. The participants were also
asked to take a Tactual Performance Test (TPT) between the first and the second part of the
study. The TPT also served as a washout period to reduce the learning effect. This test will be
discussed in more detail in section 4.6.

4.3 Types of Mental Model Data

This section provides a detailed discussion of the types of data typically collected in mental
model studies and describes the method of data collection employed in the studies. Sasse [32]
has discussed three types of data collection for mental model studies:
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1. Performance data which typically assesses user’s task completion, time taken to complete
the tasks and number of errors;
2. Online protocols which record user and system actions; and
3. Verbal protocol which requires users to verbalize during interaction with the system.

Sasse [32] suggested alternative ways to elicit the mental models from the user, including
drawings, diagrammatic representations and schema-like representations. As discussed in section
2.6.1, schema-like representation is the extension description of the existing model including
functions, components and properties of the extracted model. While the subjects who
participated in Sasse’s study were sighted people, this current study involves participants without
visual ability therefore the data gathered using diagrams should be appropriately tailored to suit
the participant’s ability. Figure 4.1 shows four types of data collection for mental model studies
discussed above.

Diagrammatic
Representation

Online
Protocol

Types of Mental
Model Data

Performance

Figure 4.1: Data for mental model study
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Verbal
Protocol

From the literature, it has been found that previous research on the mental models of blind
people focused on performance data, verbal protocols and online protocols. To date, there is still
little work on eliciting user mental models using diagrammatic representations, especially those
involving blind people. This study attempts to fill this gap in the literature.

This study proposes a method to elicit blind users’ mental models using foam blocks with
different types of surfaces (rough and smooth) are used to represent different elements (Figure
4.2). Rough-surfaced blocks were used to represent HEADINGS and smooth-surfaced blocks
were used to represent DATA cells.

Figure 4.2: Diagrammatic representation using foam blocks

4.4 Population and Sample

4.4.1 Blind Participants
From the literature (for example, Sasse [32]), a users’ existing knowledge and experience of the
particular system investigated is expected to influence their mental model. A large heterogeneous
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user group would overcome this external validity issue, however such studies, especially
involving blind participants, require large resources including funding and time. Therefore it was
found that most experiments conducted using blind participants usually had only four to six
participants [22].

The correct number of participants to include in any usability study is a subject of debate among
usability researchers [134, 135]. Some studies on usability have concluded that testing a large
number of participants does not yield significantly more information than testing fewer
participants because the first five participants find 85% of the usability problems [103, 136, 137].
Nevertheless, to determine an appropriate sample size, this study adopted the problem discovery
rate model by Virzi [137]. Using this model, it is possible to determine the sample size needed to
uncover a given proportion of problems in an interface:

Number of unique problems found = N(1 – (1 – p)n))
p is the problem discovery rate
N is the total number of problems
n
is number of participants

Nielsen and Landauer [138] claimed a typical value for p to be 30–40%. Therefore, to discover
85% of user interface problems, given the occurrence of a problem is set at 30%, the number of
users needed is 5.32. However, for a realistic Web-based test, more test users are required to deal
with individual differences [139]. Web users, including blind people, are from a variety of
backgrounds and have varied interests, preferences, goals and skills [74]. They also have
different experiences, different expectations, use different interaction techniques, different
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adaptive strategies and different assistive technology configurations. However, putting together a
group of users with similar general knowledge and experience seems an impossible task as
previous research has suggested that users’ mental models are highly individual [32]. A large
heterogeneous user group would be ideal to ensure external validity, but such studies require
many resources. In addition, because of the difficulty in recruiting blind participants, most
experiments conducted with blind participants usually have only four to six people [22]. Takagi
and colleagues [22] reported that mobility problems and the specific criteria needed for particular
experiments were some of the reasons for this.

The target population for this study was blind people who used a screen reader program when
using a personal computer or touch screen devices. To get blind participants, this study was
assisted by the following blind associations:

1. The Association for the Blind of Western Australia.
2. Blind Citizens Australia.
3. Malaysian Association for the Blind.

For blind participants, the study was conducted in a room at one of these associations. The
experiment room was set up as shown in Figure 4.3. The choice of place was based on the
reasoning that the association is a familiar venue for the blind, thus it is easier for them to go to.
Moreover, it was judged to be safer for blind people to go to a blind association venue to
participate rather than having unknown people come to their houses.
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Advertising for blind participants was done through the blind associations. The advertisements
(Appendix A) were emailed by the associations to all blind people registered with them.
Interested participants responded to the researcher for registration via email. Although this study
recruited blind participants through several third parties, the researcher was the one responsible
for conducting the experiments. Suitable dates and times were discussed and agreed in advance.
All these efforts were to encourage participation from the blind community.

Figure 4.3: Room setup

4.4.2 Participation of Sighted Blindfolded Participants

As discussed in Chapter 3, user experience is likely to influence the mental model. Differences
may exist in users’ general knowledge and experience of the particular system investigated or
real world task [32]. These differences may affect their thought, actions, performance and
imagination. In general, most blind people are familiar with and have experience in using screen
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reader programs. On the other hand, touch screen display with audio feedback is still in its
infancy with respect to blind people. When conducting a comparison study between the use of a
screen reader program and the use of a touch screen display with audio feedback by blind people,
their experience with screen reader programs and their unfamiliarity with touch screen displays
with audio feedback may affect the outcomes measured in the study. To overcome this issue, this
study recruited two groups of participants: blind participants and sighted blindfolded
participants.

The sighted blindfolded group acted as a control group who were not familiar with either screen
reader programs or touch screen displays with audio feedback. This group was Murdoch
University students currently studying at the undergraduate or postgraduate level of study. The
call for participation was distributed throughout the South Street campus and interested
participants responded to the researcher via email. Participation was purely voluntary, without
any reimbursement, payment, inducement or other reward offered to the participants. For sighted
blindfolded participants, the study was conducted at a meeting room at the Murdoch University
South Street campus.

4.5 Task Scenario Experiment

Research needs were addressed by conducting a series of tasks which observed users interacting
with computer systems, capturing their behavior and their interaction with the system in as much
detail as possible. Task scenario experiments were carried out to elicit blind users’ mental
models when browsing web pages using a touch screen with audio feedback and when using a
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screen reader program only (see Appendix B). A task scenario requires users to perform a set of
tasks to derive performance data. Since user–system interaction was tightly structured, the data
gathered was easy to transcribe and analyze. If the evidence for user mental models could be
found in the descriptions generated from the data, such a detailed set of data could also be used
to evaluate existing theoretical statements about their mental models and thereby serve as a basis
for formulating HCI specific theories of user mental models.

According to Zhang [140], it is important that critical tasks in the area of study can be completed
efficiently and effectively by people with disabilities. For example, to get their desired content,
blind people need to be able to navigate a web page as efficiently as possible so that they can
benefit from the Internet information rich. Any other tasks related in navigating the Web should
be able to be completed quickly and without errors.

As discussed in Chapter 3, two important variables of web page navigation are overview and
sense of position. These variables were investigated using a task scenario which was tightly
structured, with participants working through a sequence of tasks. A series of tasks was devised
with the aim of eliciting user mental models from both groups of participants. The tasks were as
follows: i) Explore a web page; ii) Construct a diagrammatic representation of layout; iii) Verbally
describe a web page; and iv) Answer a question by exploring a web page for a second time.

As highlighted by Sasse [32] in her PhD thesis, user performance alone cannot be taken as an
indicator of a specific user mental model. Other mental model data was elicited using the
traditional Retrospective Think-aloud (RTA) where the participant accesses the experimental
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system, completes (or quits) the task and then discusses his or her experience afterwards [141].
The participants’ interactions with the experimental system, comments and discussion were
video recorded (hands, audio and screen display only) for later analysis. Analysis using video
recording allows repeated examination of the data and is not limited by problems of selective
attention [129]. After exploring experimental pages using a touch screen with audio feedback,
the participants were asked to construct the layout for the pages using foam blocks and to
verbally describe the layout. Figure 4.4 shows the relationship of various experiments in the
study.

Figure 4.4: Relationship of experiments
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4.6 User Characteristics

4.6.1 User Spatial Ability

As discussed in section 2.4, spatial ability is defined as a measure of the ability to conceptualize
spatial relationships between objects [74] and transform the image of spatial patterns into other
arrangements [75]. Spatial ability is important not only for navigating in the real world but also
in the World Wide Web. The conceptualization of spatial relationships are not just completed
‘visually’ with an assumption that congenitally blind people are not able to mentally generate a
visual representation of an object as they have never received external visual stimulation.
However, neuroimaging studies reveal that visual imagery can be mediated by objects presented
in non-visual sensory modalities [76]. Moreover, there is evidence that blind people, including
congenitally blind people, do possess this spatial reasoning ability [142]. In terms of
performance, a study by Vanlierde and Wanet-Defalque [77] has reported that congenitally blind,
late blind and sighted participants were able to perform an active visuo-spatial imagery task at
the same level of performance.

To investigate the influence of a user’s spatial ability on their performance, this study accessed
user spatial ability using the Tactual Performance Test (TPT) (refer to Figure 4.5), also known as
Form Board Test and Seguin-Goddard Formboard [143, 144, 145]. The test kit consisted of a
board with ten different shaped holes, ten different shaped blocks, an instruction manual and a
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scoring form. To access spatial ability, the participants were asked to do all the tasks without
vision.

Figure 4.5: Tactual Performance Test kit

TPT was employed in this study as the participant was required to be blindfolded throughout the
test. As this particular research involves blind participants, this requirement is not the main issue
and TPT was reported to be a useful test for blind people [143, 146].

Each participant was presented with a block with holes and ten different blocks of shapes. The
participant was instructed to insert the blocks in the board as follows:

1. Using dominant hand only.
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2. Using non-dominant hand only.
3. Using both hands.

The blocks were placed in random order and were not placed next to the hole they matched. Each
participant’s performance was reported in terms of the total time to complete the insertion of 10
blocks using their dominant hand, their non-dominant hand and both hands. A stopwatch was
used to clock the completion time which was recorded to the scoring form. The instructions and
scoring form are provided in Appendix C.

4.6.2 User Satisfaction

Many current usability evaluation methods concentrate on producing information related to one
particular perspective only. For example, cognitive walkthrough has become an important
usability inspection method, but the information produced is limited to the cognitive challenges
that a particular user interface might experience. However, the need for producing information
from different perspectives has already been acknowledged, especially in the measurement of
subjective satisfaction. The focus shifts toward the measurement of the effects experienced by
the user, which cover elements related to attitudes, emotions, mental events, user happiness and
user burden [147, 148]. The existence of this form of phenomenon has not been sufficiently
taken into account in usability research. In addition to measuring user satisfaction, it is important
to study whether the user is frustrated, annoyed, insecure, or trusting [149]. Focusing on user
emotions shifts the focus from whether users can use an application to whether they want to use
the application in future.
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Considering the above scenario, subjective experience assessment on participants when using
touch screen with audio feedback was evaluated using the NASA Task Load Index (NASATLX) [150]. The NASA-TLX consists of six subscales that represent to some extent dimensions
of workload including: i) Mental Demand; ii) Physical Demand; iii) Temporal Demand; iv)
Frustration; v) Effort; and vi) Performance.

4.7 The Experimental Pages and Apparatus

4.7.1 Experimental Pages

In this study, two training pages (Figure 4.6) and six experimental pages (Figure 4.7) were
designed. Generally, the experimental pages used in this study could be categorized into either a
data table or a layout table. The experimental pages chosen for this study were mainly based on
previous works by Jackson-Sanborn and colleagues [151] and Kildal and Brewster [58]. A table
can be classified as a data table if a row or column with header information about that
row/column needs to be specified. A simple table means that there is a maximum of one header
row and one header column, where a header column specifies the type of information in the row.
In addition, there are no merged cells within a simple table. The table was chosen because it
served as a clear benchmarks for evaluating multimodal navigations. Moreover, the design of the
tasks could be made as consistent as possible and measureable.
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Kildal and Brewster in their study [58] proposed a table size of 4 rows by 7 columns to make up
28 cells, as a small size data table. This study adapted different sizes of small data table
including 3 rows by 3 columns; 5 rows by 4 columns; and 5 rows by 5 columns. Meanwhile,
Sanborn and colleagues [151] in their study experimented with six popular genre of web pages
with blind users, including clothing, international, jobs, college and government. However the
study presented in this thesis focuses on the three most important genres, including a university
page, a blind association web page and an international news portal. The three web pages were
chosen because they were designed as a multi-column layout with different levels of complexity
(see section 2.3.2). Page complexity was determined objectively, based on the number of
sections and section arrangements that visually appear in a web page [57].

Each experimental page had its own complexity determined objectively based on previous
studies [18, 57]. Any element in the experimental page that was not required for the user’s task
was removed to minimize the amount of information users had to remember.

Training Page 1

Training Page 2

Figure 4.6: Training pages
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Page 1

Page 2

Page 3

Page 4

Page 5

Page 6

Figure 4.7: Experimental pages
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4.7.2 Apparatus

Initially, in this study it was proposed to use a touch monitor, which is more common in public
use. However, for personal use, a touch screen monitor is too bulky and a user cannot move it
freely which might make users feel uncomfortable and cause muscle tension. There is a specific
term for this; ‘gorilla arm syndrome’ [152]. Therefore, suitable experimental apparatus should be
used to avoid this syndrome. The availability of tablet devices such as the Apple iPad and
Motorola Xoom seemed to be a better solution where these form of touch devices are more
flexible (they can be placed any way as user chooses) and comfortable, since the effort needed to
move one’s hand is minimal. In choosing these devices, the researcher hoped that the participants
would not withdraw from participating in the experiment and would perform the tasks given to
them as naturally as possible.

Another important element in the experiment was the responsiveness of the experimental system.
The system should be able to perform basic functions, such as dragging and producing the audio
output in real time. The event occurrence and the system response should be in an acceptable
latency delay to avoid a symptom known as ‘move and wait’ [152]. If this happens, the user’s
performance is not natural and this may affect performance and the outcome of data gathered.

Currently, there are two main rival smart phone operating systems in the industry: Android and
Apple iOS. While Android gives more freedom to the developer to customize the operating
system, the iOS is proprietary to Apple. However, the openness of the Android makes it
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fragmented with different developers tending to develop their own unique custom interface.
Apple’s iOS is much more straightforward and intuitive, while the Android is more customizable
and has more of a learning curve. In terms of accessibility options, iOS is well known for its
VoiceOver screen reader program to assist the visually impaired users. Because of that, an Apple
iPad was chosen as the experiment apparatus to investigate navigability in a multimodal
environment. The VoiceOver program is available as screen-reading software for Apple iPad.

For a one-dimensional perspective using a screen reader program, Job Access with Speech
(popularly known as JAWS) for Windows version 11.0 was chosen. JAWS is a text-to-speech or
screen-reading software designed to facilitate access to the personal computer by blind people
using their hearing sense.

4.8 The Protocol of the Experiment

Although evaluation of participants with disabilities can be challenging, careful observation and
discussion with them is important and greatly increases understanding in this area. After Human
Ethics Committee approval was received, a call for participation in this study was distributed
through the blind associations’ mailing list. The researcher focused on recruiting blind people
with some basic skill in using the JAWS screen reader. For blind participants in Australia, all
experiments were conducted in a room at the Association for the Blind Western Australia in
Victoria Park, WA, Australia. For participants from Malaysia, all experiments were conducted in
a room at the Malaysia Association for the Blind in Kuala Lumpur, Malaysia.
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In this study, the participants were asked to perform specific tasks. The study followed the
experiment protocol shown below (see also Appendix B):

1. Explanation about the study.
2. Consent to participate. All consents were given orally by participants and audio-recorded
for future reference.
3. The participants were trained on the procedure of the experiment using the two training
pages (see Figure 4.6) for approximately 10–15 minutes each, to make sure that any
issues or doubts could be resolved before the real experiment started.
4. The experiment started by asking the participant to explore the experimental pages using
either the JAWS screen reader or the Apple iPad with VoiceOver audio feedback. As
discussed in section 4.7.1, there were six experimental pages with different layouts used
in the study.
5. After exploring each page, the participant was asked to briefly describe that page.
6. The participant was then asked to construct the layout of the table on the page using a
diagrammatic representation. This experiment was conducted to test the first hypothesis
of the study.
7. After the construction of a diagrammatic representation, the participants were asked to
answer a question (see Appendix B for example of question). This experiment was
conducted to test the second hypothesis of the study.
8. The Spatial Ability Test experiment was conducted to assess the user’s spatial ability.
The data gathered was used to test the third and fourth hypotheses of the study.
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9. The participant repeated steps 4–7 above using the alternative access method. (As
discussed in section 4.2, to reduce learning effect, half of the participants were asked to
access the experimental pages using the screen reader program first and then using the
touch screen display with audio feedback. Half of the participants accessed the
experimental pages in the opposite way.)
10. The participant was asked to take a survey (see Appendix D).

The think-aloud protocol with modified version proposed by Strain [141] dedicated for screen
reader users was adopted in this study. The participants’ interactions with the experimental
system were recorded using video camera (capturing hand movement and audio only) and audio
recorder for later analysis. The findings from this study could be useful in designing new
guidelines or tools to assist blind people gain a better orientation of web pages and gain a sense
of position on a web page, which is important for users when navigating the Web.

For each experimental page, participants were asked to construct a diagrammatic representation
using the foam board (see Experimental Protocol #6). This is consistent with Sasse’s suggestion
[32] of alternative ways to elicit mental models from the participant, including drawings,
diagrammatic representations and schema-like representations. While the subjects who
participated in Sasse’s study were sighted people, our study involves participants without visual
ability accessing web pages. Thus, the data gathering procedure was modified to suit the
participants as it would not be suitable to elicit a mental model from blind people using drawing.

87

4.9 Data Analysis

4.9.1 Data Analysis for Quantitative Study

Data analysis was performed after the data collection was completed. This process provided
arguments for the research discussion and the drawing of conclusions. All performance data was
manually entered by the researcher and analyzed using SPSS version 12.0 [153]. The statistics
used for data analysis in the quantitative part involved descriptive, inferential statistics and
correlation analysis.

Descriptive statistics were used to describe the basic features of the data in this study. In this
survey percentile, mean and standard deviation were used. Percentile was used for demographic
data and also for individual differences. According to Sekaran [154], descriptive statistics has a
few advantages which manage to measure the central tendency of the sample and the variability
of the data gathered. Mean and Standard Deviation was used for measuring the central tendency
and variability of the outcome data. Inferential statistics of paired sample t-test was used for
hypothesis testing. Inferential statistics is the main statistical technique used for hypothesis
testing to draw inferences about the study population based upon the sample data. Inferential
statistics seems most suitable for this study to provide a comparison of the average performance
of two groups on a single measure and determine if there is a difference [153, 154]. To examine
the relationship between variables, Pearson product-moment correlation coefficient was utilized.
Pearson product-moment correlation coefficient is suitable for identifying whether a relationship
exists between two variables [153, 154]. All selected approaches were based on the research
objectives and nature of the data.
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4.9.2 Data Analysis for Qualitative Study

Content analysis was used in the qualitative section of this study. Content analysis is a
contextualized analysis of a document which studies or retrieves meaningful information from
the document [132]. During the experiments, data was recorded using an audio and video
recorder with transcription of the experiments providing a necessary step towards data
interpretation. Data from the verbal protocol was summarized and paraphrased where less
relevant passages and paraphrases with the same meanings skipped (first reduction). Similarly,
paraphrased passages were then bundled and further summarized (second reduction) as
suggested by Elo [132].

4.10 Conclusion

This chapter detailed the methodology involved to achieve the objectives of this study. In this
study, a mixed research method was employed. A quantitative research paradigm using
experiment was conducted at the first stage of the study. A within-subject crossover experimental
design was employed to investigate the behavior and mental model of blind people when they
browse web pages using a screen reader program and a touch screen with audio feedback. To
increase understanding, qualitative research paradigms using observation, verbal protocol and
semi-structured questionnaires were conducted at a later stage of the study. Lastly, the method of
data analysis was discussed. The next chapter discusses the outcomes and results of this study.
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Chapter 5
RESULTS OF THE STUDY
5.1 Introduction

The purpose of this study was to investigate differences in the mental models created by blind
people using a screen reader program only and using a touch screen with audio feedback. One of
the aims of this study was to obtain empirical data to investigate the effect of using the sense of
touch together with the sense of hearing on the percentage of correct overviews of web pages.
The percentage was measured by correct arrangement of web elements using foam blocks.
Performance data on the users’ sense of position was also investigated. Sense of position was
measured by the time taken by a user to answer a question for each web page. Finally, the effect
of an individual’s spatial ability on their performance using a touch screen with audio feedback
was investigated. Empirical data when using hearing only was also gathered from this study for
comparison.

As discussed in Chapter 3, four research hypotheses were used to investigate the mental model
created by blind people when using a touch screen with audio feedback. In the experiments, 11
blind participants and 30 sighted blindfolded participants were asked to access six experimental
pages (summarized below).
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H1:

Using a touch screen with audio feedback, blind users will achieve more accurate

orientation of a page than when using s screen reader program only.
Page ID

Characteristic

Blind

Sighted Blindfolded

Page 1

Large region

Accepted / Rejected

Accepted / Rejected

Page 2

Complex data table

Accepted / Rejected

Accepted / Rejected

Page 3

Multi-column with non-body
section at top

Accepted / Rejected

Accepted / Rejected

Page 4

Multi-column with non-body
section at bottom

Accepted / Rejected

Accepted / Rejected

Page 5

Small region

Accepted / Rejected

Accepted / Rejected

Page 6

Multi-column with much
data

Accepted / Rejected

Accepted / Rejected

H2:

Blind users will locate information faster when using a touch screen with audio feedback

than when using a screen reader program only.
Page ID

Characteristic

Blind

Sighted Blindfolded

Page 1

Large region

Accepted / Rejected

Accepted / Rejected

Page 2

Complex data table

Accepted / Rejected

Accepted / Rejected

Page 3

Multi-column with non-body
section at top

Accepted / Rejected

Accepted / Rejected

Page 4

Multi-column with non-body
section at bottom

Accepted / Rejected

Accepted / Rejected

Page 5

Small region

Accepted / Rejected

Accepted / Rejected

Page 6

Multi-column with much
data

Accepted / Rejected

Accepted / Rejected

91

H3:

Blind participants with a high level of spatial ability have more accurate orientation of a

page when using a touch screen with audio feedback.
Page ID

Characteristic

Blind

Strength

Page 1

Large region

Accepted / Rejected

Strong/ Medium/ Weak

Page 2

Complex data table

Accepted / Rejected

Strong/ Medium/ Weak

Page 3

Multi-column with non-body
section at top

Accepted / Rejected

Strong/ Medium/ Weak

Page 4

Multi-column with non-body
section at bottom

Accepted / Rejected

Strong/ Medium/ Weak

Page 5

Small region

Accepted / Rejected

Strong/ Medium/ Weak

Page 6

Multi-column with much data

Accepted / Rejected

Strong/ Medium/ Weak

H4:

Blind participants with a high level of spatial ability locate information faster when using

a touch screen with audio feedback.
Page ID

Characteristic

Blind

Strength

Page 1

Large region

Accepted / Rejected

Strong/ Medium/ Weak

Page 2

Complex data table

Accepted / Rejected

Strong/ Medium/ Weak

Page 3

Multi-column with non-body
section at top

Accepted / Rejected

Strong/ Medium/ Weak

Page 4

Multi-column with non-body
section at bottom

Accepted / Rejected

Strong/ Medium/ Weak

Page 5

Small region

Accepted / Rejected

Strong/ Medium/ Weak

Page 6

Multi-column with much data

Accepted / Rejected

Strong/ Medium/ Weak
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This chapter reports the results from the data analysis of the within-subject crossover quantitative
experimental study. The analyses were carried out through various statistical techniques such as
descriptive statistical analysis, independent sample t-test, paired sample t-test and Pearson
correlation. Section 5.2 presents the demographic data of the participants. Next, the results of the
hypotheses testing are presented. Finally, a summary of the findings from testing of hypotheses
is presented.

5.2 Demographic Data

5.2.1 Blind Participants

Initially eleven blind people (four females, seven males) responded to the initial email and
participated in this experiment. The appropriate date and time to conduct the experiment for each
participant was discussed in advance through email or phone calls. This study had to exclude a
low vision impairment participant (6% remaining vision on her left eye) because she chose to use
her magnifying pendant during the experiment. Therefore, only ten blind participants were taken
into consideration in the analysis.

All consents by the blind participants to participate in the study were given orally. For sighted
blindfolded participants, signed consents were documented. Table 5.1 shows the demographic
profile for the blind participants. The participants’ ages ranged from 35 to 60 years old and the
mean age was 47.6 years old. Half of the participants were working full time, three were
unemployed or retired and two worked part time. In terms of highest education, five participants
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finished either primary or secondary studies, one participant finished certification studies, three
participants finished diploma or undergraduate studies and one participant finished postgraduate
studies. Three of the ten participants were congenitally blind, two were early blind and the
remaining five were late blind.

The participants in this study were familiar with the JAWS screen reader program. Their
experience of using text-to-speech programs ranged from 3 to 33 years, with an average of 21.5
years. None of the blind participants had any experience in using any tablet devices, including
Apple iPad, although a few of them had used Apple iPod or iPhone before. This experiment was
the first time any of them had used an Apple iPad. The participants’ ability to use computers and
the Internet ranged from fair to expert. In terms of their ability in using assistive technology,
three participants were expert, while the remaining seven were good. Six of the participants used
their personal computer 1–5 hours daily, two used it 6–9 hours daily and the other two
participants used it for more than 9 hours daily. In terms of Internet access, seven of the
participants accessed the Internet 1–5 hours daily, two accessed the Internet 6–9 hours daily and
one participant accessed the Internet for more than 9 hours daily (see Table 5.1).
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Table 5.1: Profile of blind participants
Participant
Gender
Age
History of vision

#1
F
41
Late blind

#2
M
58
Late blind

#3
F
36

#6
M
60
Early blind

#7
M
52
Late blind

#8
M
58
Late blind

Highest education

Secondary

Certificate

Bachelor

Secondary

Diploma

Secondary

Secondary

Postgraduate

Primary

Bachelor

Work
Hours/day using PC
Hours/day using the
Internet
Ability to use PC
Ability to use
assistive technology
Ability to use the
Internet
Screen reader
experience (years)

Unemployed

Full time
6-9
6-9

Full time
>9
1-5

Unemployed

1-5
1-5

1-5
1-5

Part time
6-9
6-9

Part time
1-5
1-5

Full time
1-5
1-5

Retired
1-5
1-5

Full time
1-5
1-5

Full time
>9
>9

Fair
Good

Good
Expert

Good
Good

Good
Good

Expert
Expert

Good
Good

Good
Good

Good
Good

Good
Good

Expert
Expert

Fair

Good

Good

Good

Expert

Good

Good

Good

Good

Expert

10

33

21

23

25

32

20

3

25

23

Congenitally
blind

#4
F
48
Late blind

#5
M
35
Congenitally
blind

95

#9
M
45
Congenitally
blind

#10
M
43
Early blind

5.2.2 Sighted Blindfolded Participants

A total of thirty sighted blindfolded participants responded to the advertisement posted
throughout the campus and participated in this experiment. All of them were Murdoch University
students studying in different fields. From thirty sighted blindfolded participants, seventeen
(56.7%) were male and thirteen (43.3%) were female. The participants’ ages ranged from 20–43
years old and the mean age was 30.9 years old.

In terms of highest education, eighteen participants had finished post-graduate studies, six had
finished undergraduate studies, four had finished certification studies and two participants had
finished diploma or advanced diploma studies.

5.3 Orientation of Web Pages

This section presents the data gathered to investigate the orientation of web pages using a screen
reader program and a touch screen with audio feedback. As discussed in section 4.8, blind
participants were asked to reconstruct the layout of the experimental pages using diagrammatic
representation (foam blocks) for all six experimental pages (Experiment Protocol #6 in Section
4.8). This experiment was conducted to test the first hypothesis of this study:

H1:

Using a touch screen with audio feedback, blind users will achieve more accurate

orientation of a page than when using s screen reader program only.
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5.3.1 Orientation of Web Pages by Blind Participants

Table 5.2 shows the percentage of correct arrangement of headings and cells for all pages using
the JAWS program and an Apple iPad. For Page 1, the average percentage (AVR) of correct
arrangement using JAWS was 91.1%, with a standard deviation (SD) of 28.1%. Using an Apple
iPad, the average percentage was 96.7%, with a standard deviation of 10.6%. For Page 2, the
average percentage of correct arrangement using JAWS was 70.4%, with a standard deviation of
21.3%. Using an Apple iPad, the average percentage was 83.3%, with a standard deviation of
14.6%. For Page 3, the average percentage of correct arrangement using JAWS was 39.9%, with
a standard deviation of 21.7%. Using an Apple iPad, the average percentage was 43.3%, with a
standard deviation of 38.2%. For Page 4, the average percentage of correct arrangement using
JAWS was 51.7%, with a standard deviation of 31.2%. Using an Apple iPad, the average
percentage was 58.1%, with a standard deviation of 24.0%. For Page 5, the average percentage
of correct arrangement using JAWS was 92.0%, with a standard deviation of 22.6%. Using an
Apple iPad, the average percentage was 61.6%, with a standard deviation of 27.6%. For Page 6,
the average percentage of correct arrangement using JAWS was 44.0%, with a standard
deviation of 34.0%. Using an Apple iPad, the average percentage was 66.5%, with a standard
deviation of 20.6%.
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Table 5.2: Percentage of correct arrangement of headings and cells by blind participants
Page 1
Large region
#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
AVR
SD

JAWS
100.0
100.0
100.0
100.0
100.0
100.0
100.0
11.1
100.0
100.0
91.1
28.1

iPad
100.0
100.0
100.0
100.0
100.0
100.0
66.6
100.0
100.0
100.0
96.7
10.6

Page 2
Complex data
JAWS
95.2
95.2
80.9
57.1
76.1
33.3
66.6
42.8
66.6
90.4
70.4
21.3

iPad
100.0
71.4
100.0
90.4
76.1
85.7
90.4
61.9
61.9
95.2
83.3
14.6

Page 3
Multi-column
1
JAWS iPad
33.3
100.0
55.5
0.0
77.7
100.0
66.6
44.4
11.1
11.1
33.3
11.1
33.3
22.2
44.4
88.8
33.3
33.3
11.1
11.1
39.9
43.3
21.7
38.2

Page 4
Multi-column
2
JAWS iPad
100.0
63.6
9.0
18.1
100.0 100.0
45.4
81.8
54.5
63.6
45.4
45.4
27.2
27.2
18.1
63.6
45.4
63.6
72.7
54.5
51.7
58.1
31.2
24.0
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Page 5
Small region
JAWS
100.0
100.0
100.0
100.0
100.0
100.0
100.0
28.0
92.0
100.0
92.0
22.6

iPad
80.0
52.0
100.0
68.0
80.0
16.0
32.0
32.0
68.0
88.0
61.6
27.6

Page 6
Multi-column 3
JAWS
88.2
5.8
88.2
58.8
35.3
23.5
29.4
5.8
17.6
88.2
44.0
34.0

iPad
100
76.5
100
52.9
41.2
70.6
58.8
47.1
64.7
52.9
66.5
20.6

The Shapiro-Wilk test was used to assess the normality of the distribution for all dependent
variables. A non-significant test (Sig. value greater than 0.05) indicates normality. As such,
orientation by the blind people has a normal distribution of (p = 0.764)

To investigate differences in page orientations obtained by blind people when using touch screen
with audio feedback compared with using a screen reader program only, a paired sample t-test
was conducted for each page, to compare the correct arrangements of headings and cells after
using the JAWS screen reader and an Apple iPad.

Testing H1

H1:

Using a touch screen with audio feedback, blind users will achieve more accurate

orientation of a page than when using a screen reader program only.

Table 5.3 shows the paired sample t-test for Page 1. The significant (two-tailed) value for a
paired t-test for Page 1 is 0.586. This value is higher than 0.05. Therefore, we can conclude there
is no statistically significant difference in the score of correct arrangement of headings and cells
after using the JAWS screen reader and an Apple iPad.
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Table 5.3: Paired sample t-test for large region layout (Page 1) for percentage of correct
arrangement of headings and cells by blind participants
Paired Samples Statistics
Mean
Pair
1

Accuracy for page1
using JAWS
Accuracy for page1
using iPad

N

Std. Deviation

Std. Error
Mean

91.110

10

28.1126

8.8900

96.660

10

10.5620

3.3400

Paired Samples Test
Paired Differences

Mean
Pair
1

Accuracy for page1
using JAWS - Accuracy
for page1 using iPad

-5.5500

Std. Deviation

Std. Error
Mean

31.1105

9.8380

95% Confidence
Interval of the
Difference
Lower
Upper
-27.8051

16.7051

t
-.564

df

Sig. (2-tailed)
9

Table 5.4 shows the paired sample t-test for Page 2. The significant (two-tailed) value for a
paired t-test for Page 2 is 0.09. This value is higher than 0.05. Therefore, we can conclude there
is no statistically significant difference in the score of correct arrangement of headings and cells
after using the JAWS screen reader and an Apple iPad.

100

.586

Table 5.4: Paired sample t-test for complex data page (Page 2) for percentage of correct
arrangement of headings and cells by blind participants
Paired Samples Statistics
Mean
Pair
1

.

Accuracy for page2
using JAWS
Accuracy for page2
using iPad

N

Std. Deviation

Std. Error
Mean

70.420

10

21.3873

6.7633

83.300

10

14.5882

4.6132

Paired Samples Test
Paired Differences

Mean
Pair
1

Accuracy for page2
using JAWS - Accuracy
for page2 using iPad

-12.8800

Std. Deviation

Std. Error
Mean

21.4123

6.7712

95% Confidence
Interval of the
Difference
Lower
Upper
-28.1974

2.4374

t
-1.902

df

Sig. (2-tailed)
9

.090

Table 5.5 shows the paired sample t-test for Page 3. The significant (two-tailed) value for a
paired t-test for Page 3 is 0.757. This value is higher than 0.05. Therefore, we can conclude there
is no statistically significant difference in the score of correct arrangement of headings and cells
after using the JAWS screen reader and an Apple iPad.
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Table 5.5: Paired sample t-test for multi-column with non-body section at top (Page 3) for
percentage of correct arrangement of headings and cells by blind participants
Paired Samples Statistics
Mean
Pair
1

Accuracy for page3
using JAWS
Accuracy for page3
using iPad

N

Std. Deviation

Std. Error
Mean

39.960

10

21.7011

6.8625

43.310

10

38.2881

12.1078

Paired Samples Test
Paired Differences

Mean
Pair
1

Accuracy for page3
using JAWS - Accuracy
for page3 using iPad

-3.3500

Std. Deviation

Std. Error
Mean

33.1421

10.4804

95% Confidence
Interval of the
Difference
Lower
Upper
-27.0584

20.3584

t
-.320

df

Sig. (2-tailed)
9

.757

Table 5.6 shows the paired sample T-test for Page 4. The significant (two-tailed) value for a
paired t-test for Page 4 is 0.421. This value is higher than 0.05. Therefore, we can conclude there
is no statistically significant difference in the score of correct arrangement of headings and cells
after using the JAWS screen reader and an Apple iPad.
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Table 5.6: Paired sample t-test for multi-column with non-body section at bottom (Page 4)
for percentage of correct arrangement of headings and cells by blind participants
Paired Samples Statistics
Mean
Pair
1

Accuracy for page4
using JAWS
Accuracy for page4
using iPad

N

Std. Deviation

Std. Error
Mean

51.770

10

31.2448

9.8805

58.140

10

23.9614

7.5773

Paired Samples Test
Paired Differences

Mean
Pair
1

Accuracy for page4
using JAWS - Accuracy
for page4 using iPad

-6.3700

Std. Deviation

Std. Error
Mean

23.9037

7.5590

95% Confidence
Interval of the
Difference
Lower
Upper
-23.4697

10.7297

t
-.843

df

Sig. (2-tailed)
9

.421

Table 5.7 shows the paired sample t-test for Page 5. The significant (two-tailed) value for a
paired t-test for Page 5 is 0.008. This value is less than 0.05. Therefore, we can conclude there is
a significant difference in the score of correct arrangement of headings and cells after using the
JAWS screen reader and an Apple iPad. The mean score for JAWS was 92% and the mean score
for iPad was 61%. Therefore, we can conclude that there is a significant decrease in the score
when using an Apple iPad.

103

Table 5.7: Paired sample t-test for small region layout (Page 5) for percentage of correct
arrangement of headings and cells by blind participants
Paired Samples Statistics
Mean
Pair
1

Accuracy for page5
using JAWS
Accuracy for page5
using iPad

N

Std. Deviation

Std. Error
Mean

92.0000

10

22.62742

7.15542

61.6000

10

27.59710

8.72697

Paired Samples Test
Paired Differences

Mean
Pair
1

Accuracy for page5
using JAWS - Accuracy
for page5 using iPad

30.40000

Std. Deviation

Std. Error
Mean

28.48469

9.00765

95% Confidence
Interval of the
Difference
Lower
Upper
10.02328

50.77672

t
3.375

df

Sig. (2-tailed)
9

.008

Table 5.8 shows the paired sample T-test for Page 6. The significant (two-tailed) value for a
paired t-test for Page 6 is 0.04. This value is less than 0.05. Therefore, we can conclude there is a
significant difference in the score of correct arrangement of headings and cells after using the
JAWS screen reader and an Apple iPad. The mean score for JAWS was 44.0% and the mean
score for iPad was 66.4%. Therefore, we can conclude that there is a significant increase in the
score when using an Apple iPad.
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Table 5.8: Paired sample t-test for multi-column with much data (Page 6) for percentage of
correct arrangement of headings and cells by blind participants
Paired Samples Statistics
Mean
Pair
1

Accuracy for page6
using JAWS
Accuracy for page6
using iPad

N

Std. Deviation

Std. Error
Mean

44.0800

10

34.00071

10.75197

66.4700

10

20.57561

6.50658

Paired Samples Test
Paired Differences

Mean
Pair
1

Accuracy for page6
using JAWS - Accuracy -22.39000
for page6 using iPad

Std. Deviation

Std. Error
Mean

30.88766

9.76754

95% Confidence
Interval of the
Difference
Lower
Upper
-44.48570

-.29430

t
-2.292

df

Sig. (2-tailed)
9

5.3.2 Orientation of Web Pages by Sighted Blindfolded Participants

As discussed in section 4.8, sighted blindfolded participants were asked to construct the layout of
the experimental pages using diagrammatic representation (foam blocks). Table 5.9 shows the
percentage of correct arrangement of headings and cells for all experimental pages using JAWS
and Apple iPad constructed by sighted blindfolded participants.

For Page 1, the average percentage of correct arrangement using JAWS was 94.7%, with a
standard deviation of 18.4%. Using Apple iPad, the average percentage was 93.7%, with a
standard deviation of 20.3%. For Page 2, the average percentage of correct arrangement using
JAWS was 78.6%, with a standard deviation of 20.2%, Using Apple iPad, the average
percentage was 84.9%, with a standard deviation of 21.6%. For Page 3, the average percentage
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.048

of correct arrangement using JAWS was 58.1%, with a standard deviation of 25.3%. Using
Apple iPad, the average percentage was 84.4%, with a standard deviation of 25.2%. For Page 4,
the average percentage of correct arrangement using JAWS was 69.6%, with a standard
deviation of 27.3%. Using Apple iPad, the average percentage was 86.9%, with a standard
deviation of 26.7%. It was found that the participants performed worst in complex pages; the
percentage of correct arrangement of headings and cells using JAWS and Apple iPad ranged
from 58.1–86.9%. For Page 5, the average percentage of correct arrangement using JAWS is
92.4%, with a standard deviation of 23.2%. Using Apple iPad, the average percentage was
82.0%, with a standard deviation of 24.1%. For Page 6, the average percentage of correct
arrangement using JAWS was 75.6%, with a standard deviation of 26.9%. Using Apple iPad, the
average percentage was 91.3%, with a standard deviation of 17.8%.
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Table 5.9: Percentage of correct arrangement of headings and cells by sighted blindfolded participants
Page 1
#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15
#16
#17
#18
#19
#20
#21
#22
#23
#24
#25
#26
#27
#28
#29
#30
AVR
SD

Large region
JAWS
iPad
100
100
100
100
100
66.6
100
100
100
100
33.3
22.2
100
100
100
100
100
100
100
100
100
100
100
100
100
100
88.8
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
22.2
22.2
100
100
94.7
93.7
18.4
20.3

Page 2
Complex data
JAWS
iPad
100
100
28.5
57.1
42.8
33.3
80.9
100
80.9
95.2
90.4
66.6
95.2
76.2
47.6
52.3
90.4
100
95.2
100
80.9
100
90.4
90.4
85.7
42.8
71.4
100
95.2
100
52.3
100
57.1
100
100
100
47.6
52.3
47.6
47.6
90.4
90.4
95.2
100
95.2
71.4
71.4
100
71.4
100
100
100
95.2
95.2
95.2
100
90.4
71.4
95.2
100
78.6
84.9
20.2
21.6

Page 3

Page 4

Page 5

Page 6

Multi-column 1
JAWS
iPad
55.5
100
44.4
100
44.4
55.5
77.7
100
95.2
100
44.4
77.7
22.2
77.7
22.2
88.8
55.5
77.7
22.2
100
77.7
100
88.8
100
44.4
22.2
77.7
77.7
55.5
33.3
77.7
100
22.2
100
100
100
77.7
100
33.3
22.2
77.7
100
33.3
100
55.5
100
44.4
100
77.7
77.7
22.2
100
100
100
44.4
33.3
44.4
88.8
77.7
100
58.1
84.4
25.3
25.2

Multi-column 2
JAWS
iPad
90.9
100
45.4
100
9.1
81.8
81.8
100
100
100
36.3
9.0
100
100
45.4
100
90.9
100
90.9
100
63.6
100
81.8
100
54.5
63.6
45.4
81.8
90.9
100
72.7
100
27.2
100
100
100
36.3
45.4
36.3
36.3
90.9
100
90.9
100
100
100
81.8
100
45.4
81.8
90.9
100
100
100
81.8
100
27.1
9.0
81.8
100
69.6
86.9
27.3
26.7

Small region
JAWS
iPad
100
100
100
40.0
100
68.0
100
100
100
100
20.0
72.0
100
100
100
44.0
100
88.0
100
100
100
88.0
100
100
100
60.0
100
56.0
100
100
100
88.0
100
100
100
12.0
28.0
36.0
100
72.0
100
100
100
100
100
84.0
100
100
100
100
100
100
100
100
100
100
24.0
72.0
100
80.0
92.4
82.0
23.2
24.1

Multi-column 3
JAWS
iPad
88.2
100
88.2
100
29.4
47.1
88.2
100
88.2
100
47.0
94.1
88.2
100
17.6
58.8
88.2
100
88.2
100
88.2
100
88.2
100
88.2
41.1
88.2
100
100
100
88.2
100
5.8
100
88.2
100
29.4
58.8
41.1
64.7
88.2
100
88.2
100
88.2
100
100
100
88.2
100
88.2
100
88.2
100
100
100
35.2
76.4
88.2
100
75.6
91.3
26.9
17.8
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The Shapiro-Wilk test was used to assess the normality of the distribution for all dependent
variables. A non-significant test (Sig. value greater than 0.05) indicates normality. As such,
orientation by the sighted blindfolded participants has a normal distribution of (p = 0.914).

To investigate differences in page orientations obtained by sighted blindfolded people when
using touch screen with audio feedback compared with using a screen reader program only, a
paired sample t-test was conducted for each page, to compare the correct arrangements of
headings and cells after using the JAWS screen reader and an Apple iPad.

Table 5.10 shows the paired sample T-test for Page 1. The significant (two-tailed) value for a
paired t-test for Page 1 is 0.391. This value is higher than 0.05. Therefore, we can conclude
there is no statistically significant difference in the score of correct arrangement of headings and
cells after using the JAWS screen reader and an Apple iPad.
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Table 5.10: Paired sample t-test for large region layout (Page 1) for percentage of correct
arrangement of headings and cells by sighted blindfolded participants

Paired Samples Statistics
Mean
Pair
1

Accuracy for page1
using JAWS
Accuracy for page1
using iPad

N

Std. Deviation

Std. Error
Mean

94.783

30

18.4104

3.3613

93.700

30

20.3678

3.7186

Paired Samples Test
Paired Differences

Mean
Pair
1

Accuracy for page1
using JAWS - Accuracy
for page1 using iPad

1.0833

Std. Deviation

Std. Error
Mean

6.8167

1.2446

95% Confidence
Interval of the
Difference
Lower
Upper
-1.4621

3.6287

t

df
.870

Sig. (2-tailed)
29

.391

Table 5.11 shows the paired sample t-test for Page 2. The significant (two-tailed) value for a
paired t-test for Page 2 is 0.10. This value is higher than 0.05. Therefore, we can conclude there
is no statistically significant difference in the score of correct arrangement of headings and cells
after using the JAWS screen reader and an Apple iPad.
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Table 5.11: Paired sample t-test for complex data page (Page 2) for percentage of correct
arrangement of headings and cells by sighted blindfolded participants
Paired Samples Statistics
Mean
Pair
1

Accuracy for page2
using JAWS
Accuracy for page2
using iPad

N

Std. Deviation

Std. Error
Mean

78.687

30

20.2332

3.6941

84.900

30

21.6098

3.9454

Paired Samples Test
Paired Differences

Mean
Pair
1

Accuracy for page2
using JAWS - Accuracy
for page2 using iPad

Std. Deviation

Std. Error
Mean

20.1081

3.6712

-6.2133

95% Confidence
Interval of the
Difference
Lower
Upper
-13.7218

1.2951

t
-1.692

df

Sig. (2-tailed)
29

.101

Table 5.12 shows the paired sample t-test for Page 3. The significant (two-tailed) value for a
paired t-test for Page 3 is 0.00. This value is lower than 0.05. Therefore, we can conclude there is
a statistically significant difference in the score of correct arrangement of headings and cells after
using the JAWS screen reader and an Apple iPad. The mean score for JAWS was 58.1% and the
mean score for iPad was 84.4%. Therefore, we can conclude that there is a significant increase in
the score when using an Apple iPad.

110

Table 5.12: Paired sample t-test for multi-column with non-body section at top (Page 3) for
percentage of correct arrangement of headings and cells by sighted blindfolded
participants
Paired Samples Statistics
Mean
Pair
1

Accuracy for page3
using JAWS
Accuracy for page3
using iPad

N

Std. Deviation

Std. Error
Mean

58.100

30

25.3765

4.6331

84.420

30

25.2156

4.6037

Paired Samples Test
Paired Differences

Mean
Pair
1

Accuracy for page3
using JAWS - Accuracy
for page3 using iPad

Std. Deviation

Std. Error
Mean

29.9648

5.4708

-26.3200

95% Confidence
Interval of the
Difference
Lower
Upper
-37.5090

-15.1310

t
-4.811

df

Sig. (2-tailed)
29

Table 5.13 shows the paired sample t-test for Page 4. The significant (two-tailed) value for a
paired t-test for Page 4 is 0.00. This value is lower than 0.05. Therefore, we can conclude there is
a statistically significant difference in the score of correct arrangement of headings and cells after
using the JAWS screen reader and an Apple iPad. The mean score for JAWS was 69.6% and the
mean score for iPad was 86.9%. Therefore, we can conclude that there is a significant increase in
the score when using an Apple iPad.
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Table 5.13: Paired sample t-test for multi-column with non-body section at bottom (Page 4)
for percentage of the correct arrangements of headings and cells by sighted blindfolded
participants
Paired Samples Statistics
Mean
Pair
1

Accuracy for page4
using JAWS
Accuracy for page4
using iPad

N

Std. Deviation

Std. Error
Mean

69.667

30

27.3847

4.9997

86.957

30

26.7915

4.8914

Paired Samples Test
Paired Differences

Mean
Pair
1

Accuracy for page4
using JAWS - Accuracy
for page4 using iPad

-17.2900

Std. Deviation

Std. Error
Mean

23.3221

4.2580

95% Confidence
Interval of the
Difference
Lower
Upper
-25.9986

-8.5814

t
-4.061

df

Sig. (2-tailed)
29

.000

Table 5.14 shows the paired sample t-test for Page 5. The significant (two-tailed) value for a
paired t-test for Page 5 is 0.05. This value is equal to 0.05. Therefore, we can conclude there is a
significant difference in the score of correct arrangement of headings and cells after using the
JAWS screen reader and an Apple iPad. The mean score for JAWS was 92.4% and the mean
score for iPad was 82%. Therefore, we can conclude that there is a significant decrease in the
score when using an Apple iPad.
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Table 5.14: Paired sample t-test for small region layout (Page 5) for percentage of correct
arrangement of headings and cells by sighted blindfolded participants
Paired Samples Statistics
Mean
Pair
1

Accuracy for page5
using JAWS
Accuracy for page5
using iPad

N

Std. Deviation

Std. Error
Mean

92.400

30

23.2136

4.2382

82.000

30

24.1089

4.4017

Paired Samples Test
Paired Differences

Mean
Pair
1

Accuracy for page5
using JAWS - Accuracy
for page5 using iPad

Std. Deviation

Std. Error
Mean

28.0020

5.1124

10.4000

95% Confidence
Interval of the
Difference
Lower
Upper
-.0561

20.8561

t
2.034

df

Sig. (2-tailed)
29

.051

Table 5.15 shows the paired sample t-test for Page 6. The significant (two-tailed) value for a
paired t-test for Page 6 is 0.00. This value is less than 0.05. Because of this, we can conclude
there is a significant difference in the score of correct arrangement of headings and cells after
using the JAWS screen reader and an Apple iPad. The mean score for JAWS was 75.6% and the
mean score for iPad was 91.3%. Therefore, we can conclude that there is a significant increase in
the score when using an Apple iPad.
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Table 5.15: Paired sample t-test for multi-column with much data (Page 6) for percentage
of correct arrangement of headings and cells by sighted blindfolded participants
Paired Samples Statistics
Mean
Pair
1

Accuracy for page6
using JAWS
Accuracy for page6
using iPad

N

Std. Deviation

Std. Error
Mean

75.650

30

26.9780

4.9255

91.367

30

17.8734

3.2632

Paired Samples Test
Paired Differences

Mean
Pair
1

Accuracy for page6
using JAWS - Accuracy
for page6 using iPad

-15.7167

Std. Deviation

Std. Error
Mean

21.7153

3.9647

95% Confidence
Interval of the
Difference
Lower
Upper
-23.8253

-7.6080

t
-3.964

df

Sig. (2-tailed)
29

5.4 Sense of Position

This section presents the data gathered to investigate the user’s sense of position using a screen
reader program and a touch screen with audio feedback. As discussed in section 4.8, blind
participants were asked to answer a question for each experimental page (Experiment Protocol
#7 in section 4.8). To assist them to get the answer, the participants were allowed to use the
apparatus. The time taken to answer was recorded for each participant. This experiment was
conducted to test the second hypothesis of this study:
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H2:

Blind users will locate information faster when using a touch screen with audio feedback

than when using a screen reader program only.

5.4.1 Sense of Position by Blind Participants

Table 5.16 shows the performance data gathered in the experiments using screen reader program
and Apple iPad.

Using screen reader program to answer a question for Page 2, five of the participants failed to
answer correctly. Moreover, one of the participants did not even use the screen reader program
but answered by guessing. For Page 3 and Page 4, two participants failed to answer correctly
using JAWS screen reader program.

On the other hand, using touch screen with audio feedback to answer a question for Page 2, only
one participant failed to answer correctly. All participants were able to give correct answer when
using Apple iPad for Page 1, Page 3, Page 4 and Page 6. However for Page 5, three participants
failed to answer correctly when using touch screen with audio feedback.
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Table 5.16: Time to answer (in seconds) questions by blind participants

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
AVR
SD

Page1
Large region

Page2
Complex Data

Page3
Multi-column
1

Page4
Multi-column
2

JAWS iPad
0.34
0.35
0.30
0.31
0.16
0.17
0.35
0.21
0.09
0.08
0.15
0.14
0.20
0.50
0.20
0.30
0.44
0.39
0.15
0.10
0.23
0.25
0.11
0.13

JAWS iPad
(G)
0.40
0.26
0.46
0.08
0.20
1.08
0.37
X
0.11
0.53
0.46
X
X
X
0.37
X
0.56
X
0.19
0.38
0.37
0.26
0.12

JAWS iPad
0.33
0.45
0.37
2.20
1.06
0.23
0.25
0.25
1.29
1.02
0.50
1.06
1.42
1.16
X
1.11
X
1.20
0.28
0.11
0.53
0.56
0.29
0.41

JAWS
(G)
0.29
0.10
1.23
0.23
X
1.09
0.50
X
0.23
0.41
0.27

iPad
0.41
0.41
0.20
0.20
0.13
0.55
1.21
1.07
0.55
0.18
0.37
0.26

Page5
Small region

Page6
Multi-column
3

JAWS iPad
0.36
0.55
0.23
0.53
0.26
0.31
0.30
1.02
0.21
0.25
0.41
0.32
0.50
X
0.30
X
0.40
X
0.25
0.21
0.28
0.39
0.07
0.16

JAWS iPad
1.14
1.25
2.02
0.16
0.30
0.32
0.25
0.04
0.29
0.03
0.30
0.21
1.30
2.01
0.25
0.07
1.39
1.47
0.20
0.19
0.54
0.41
0.37
0.45

X – Wrong answer
G – Guessing

To investigate how different the blind people locate the information when using hearing sense
together with touching sense as compared to hearing sense only, a paired sample t-test was
conducted for each page.

Testing H2

H2:

Blind users will locate information faster when using a touch screen with audio feedback

than when using a screen reader program only.

Table 5.17 shows the paired sample t-test for Page 1. The significant (two-tailed) value for a
paired sample t-test for Page 1 is 0.656. This value is higher than 0.05. Therefore, we can
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conclude there is no statistically significant difference in the time taken to locate information
after using the JAWS screen reader and an Apple iPad.

Table 5.17: Paired sample t-test for large region layout (Page 1) for time to locate
information by blind participants
Paired Samples Statistics
Mean
Pair
1

time to loc ate info for
page1 using JAWS
time to loc ate info for
page1 using iPad

N

Std. Deviation

Std. Error
Mean

23.8000

10

11.25265

3.55840

25.5000

10

13.72143

4.33910

Paired Samples Test
Paired Differences

Mean
Pair
1

time to loc ate info for
page1 using JAWS time to loc ate info for
page1 using iPad

-1.70000

Std. Deviation

Std. Error
Mean

11.65285

3.68495

95% Confidence
Interval of the
Difference
Lower
Upper
-10.03595

6.63595

t
-.461

df

Sig. (2-tailed)
9

.656

Table 5.18 shows the paired sample t-test for Page 2. The significant (two-tailed) value for a
paired t-test for Page 2 is 0.903. This value is higher than 0.05. Therefore, we can conclude there
is no statistically significant difference in the time taken to locate information after using the
JAWS screen reader and an Apple iPad.

117

Table 5.18: Paired sample t-test for complex data page (Page 2) for time to locate
information by blind participants
Paired Samples Statistics
Mean
Pair
1

time to loc ate info for
page2 using JAWS
time to loc ate info for
page2 using iPad

N

Std. Deviation

Std. Error
Mean

38.7500

4

26.87471

13.43735

37.2500

4

12.25765

6.12883

Paired Samples Test
Paired Differences

Mean
Pair
1

time to loc ate info for
page2 using JAWS time to loc ate info for
page2 using iPad

1.50000

Std. Deviation

Std. Error
Mean

22.69361

11.34681

95% Confidence
Interval of the
Difference
Lower
Upper
-34.61060

37.61060

t

df
.132

Sig. (2-tailed)
3

.903

Table 5.19 shows the paired sample t-test for Page 3. The significant (two-tailed) value for a
paired t-test for Page 3 is 0.893. This value is higher than 0.05. Therefore, we can conclude there
is no statistically significant difference in the time taken to locate information after using the
JAWS screen reader and an Apple iPad.
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Table 5.19: Paired sample t-test for multi-column with non-body section at top (Page 3) for
time to locate information by blind participants
Paired Samples Statistics
Mean
Pair
1

time to loc ate info for
page3 using JAWS
time to loc ate info for
page3 using iPad

N

Std. Deviation

Std. Error
Mean

53.7500

8

29.11921

10.29520

56.0000

8

41.03657

14.50862

Paired Samples Test
Paired Differences

Mean
Pair
1

time to loc ate info for
page3 using JAWS time to loc ate info for
page3 using iPad

-2.25000

Std. Deviation

Std. Error
Mean

45.53099

16.09764

95% Confidence
Interval of the
Difference
Lower
Upper
-40.31486

35.81486

t
-.140

df

Sig. (2-tailed)
7

.893

Table 5.20 shows the paired sample t-test for Page 4. The significant (two-tailed) value for a
paired t-test for Page 4 is 0.727. This value is higher than 0.05. Therefore, we can conclude there
is no statistically significant difference in the time taken to locate information after using the
JAWS screen reader and an Apple iPad.
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Table 5.20: Paired sample t-test for multi-column with non-body section at bottom (Page 4)
for time to locate information by blind participants
Paired Samples Statistics
Mean
Pair
1

time to loc ate info for
page4 using JAWS
time to loc ate info for
page4 using iPad

N

Std. Deviation

Std. Error
Mean

41.0000

7

27.02468

10.21437

37.1429

7

26.97795

10.19670

Paired Samples Test
Paired Differences

Mean
Pair
1

time to loc ate info for
page4 using JAWS time to loc ate info for
page4 using iPad

3.85714

Std. Deviation

Std. Error
Mean

27.88924

10.54114

95% Confidence
Interval of the
Difference
Lower
Upper
-21.93610

29.65038

t

df
.366

Sig. (2-tailed)
6

.727

Table 5.21 shows the paired sample t-test for Page 5. The significant (two-tailed) value for a
paired t-test for Page 5 is 0.123. This value is higher than 0.05. Therefore, we can conclude there
is no statistically significant difference in the time taken to locate information after using the
JAWS screen reader and an Apple iPad.
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Table 5.21: Paired sample t-test for small region layout (Page 5) for time to locate
information by blind participants
Paired Samples Statistics
Mean
Pair
1

time to loc ate info for
page5 using JAWS
time to loc ate info for
page5 using iPad

N

Std. Deviation

Std. Error
Mean

28.8571

7

7.28991

2.75533

39.8571

7

16.37507

6.18919

Paired Samples Test
Paired Differences

Mean
Pair
1

time to loc ate info for
page5 using JAWS time to loc ate info for
page5 using iPad

-11.00000

Std. Deviation

Std. Error
Mean

16.20699

6.12567

95% Confidence
Interval of the
Difference
Lower
Upper
-25.98897

3.98897

t
-1.796

df

Sig. (2-tailed)
6

.123

Table 5.22 shows the paired sample t-test for Page 6. The significant (two-tailed) value for a
paired t-test for Page 6 is 0.297. This value is higher than 0.05. Because of this, we can conclude
there is no statistically significant difference in the time taken to locate information after using
the JAWS screen reader and an Apple iPad.
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Table 5.22: Paired sample t-test for multi-column with much data (Page 6) for time to
locate information by blind participants
Paired Samples Statistics
Mean
Pair
1

time to loc ate info for
page6 using JAWS
time to loc ate info for
page6 using iPad

N

Std. Deviation

Std. Error
Mean

54.4000

10

37.94499

11.99926

41.5000

10

45.02900

14.23942

Paired Samples Test
Paired Differences

Mean
Pair
1

time to loc ate info for
page6 using JAWS time to loc ate info for
page6 using iPad

12.90000

Std. Deviation

Std. Error
Mean

36.88556

11.66424

95% Confidence
Interval of the
Difference
Lower
Upper
-13.48634

39.28634

t
1.106

df

Sig. (2-tailed)
9

.297

5.4.2 Sense of Position by Sighted Blindfolded Participants

Table 5.23 shows the performance data gathered from sighted blindfolded participants in the
experiment after using a screen reader program and a touch screen with audio feedback.

Using a screen reader program to answer a question for Page 1, two of the participants failed to
answer correctly and one participant answered by recall. Using a touch screen with audio
feedback, five participants failed to answer correctly and one participant answered by recall.
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Table 5.23: Time to answer (in seconds) questions by sighted blindfolded participants
Page 1

Large region
JAWS
iPad
0.23
0.24
#1
0.34
0.44
#2
0.15
X
#3
0.12
X
#4
0.21
0.05
#5
X
0.19
#6
R
0.09
#7
0.33
0.17
#8
0.11
0.19
#9
0.21
R
#10
1.47
0.31
#11
0.06
0.05
#12
0.11
0.05
#13
0.14
0.18
#14
0.12
0.11
#15
0.09
0.09
#16
0.12
0.13
#17
0.10
0.18
#18
0.23
0.09
#19
0.27
X
#20
0.07
0.06
#21
0.20
X
#22
1.37
0.12
#23
0.14
X
#24
0.17
0.21
#25
0.26
0.27
#26
0.26
0.10
#27
0.16
0.15
#28
X
0.24
#29
1.42
0.26
#30
AVR
0.29
0.16
SD
0.31
0.09
X – Wrong answer
R – Recall

Page 2
Complex data

Page 3
Multi-column 1

Page 4
Multi-column 2

Small region

Page 6
Multi-column 3

JAWS
X
X
X
X
0.36
X
X
X
0.47
0.36
X
0.46
X
X
0.42
X
X
0.30
X
X
0.48
0.37
X
X
X
X
0.41
0.46
X
X
0.40
0.05

JAWS
1.06
0.44
0.20
2.09
3.08
1.36
R
4.45
X
3.58
2.42
2.41
2.03
2.36
2.31
2.45
1.59
2.16
3.39
4.01
2.31
3.38
2.12
2.11
2.39
1.09
3.13
2.35
1.41
2.37
2.28
0.60

JAWS
1.36
1.06
0.15
1.13
2.00
0.14
2.38
0.39
1.11
1.29
1.29
0.43
1.01
1.21
1.01
0.42
0.47
1.36
0.25
0.28
0.44
1.28
2.38
1.15
1.24
1.39
2.05
1.05
0.19
1.24
1.13
0.36

JAWS
0.35
0.41
0.25
0.34
0.25
X
0.26
0.36
0.41
0.26
0.47
0.25
0.21
0.24
0.34
0.33
X
X
X
X
0.27
0.28
0.28
0.36
0.27
0.38
0.30
0.38
X
0.42
0.31
0.05

JAWS
0.35
0.39
0.56
0.08
0.26
1.17
0.16
2.03
2.00
0.36
1.19
1.15
0.27
0.59
1.10
0.31
1.33
0.39
0.10
1.01
1.16
0.39
0.17
0.10
1.02
0.38
0.31
1.14
1.22
1.14
0.52
0.30

iPad
0.45
0.20
X
0.32
0.14
0.58
R
1.29
0.16
0.14
0.52
0.06
0.34
0.15
0.23
1.00
0.17
0.17
0.31
0.33
0.08
0.15
0.53
0.34
0.18
0.48
0.19
0.27
1.03
0.47
0.15
0.06

IPad
0.09
0.35
1.19
0.11
0.15
0.40
0.46
1.02
0.09
0.07
0.44
1.26
1.34
0.16
0.58
0.39
0.27
0.31
0.49
0.53
1.16
0.08
0.49
0.13
0.19
0.12
0.20
1.02
0.45
0.39
0.41
0.30
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iPad
0.18
0.59
X
0.16
0.14
0.08
0.08
0.12
0.22
0.33
0.37
0.09
0.17
0.24
0.07
0.21
0.27
0.15
0.49
0.29
0.10
0.34
0.18
0.18
0.27
0.21
0.19
0.11
0.13
0.32
0.21
0.12

Page 5
iPad
0.28
0.32
X
1.08
0.20
0.06
0.11
0.55
X
0.13
X
0.42
0.39
X
0.22
0.39
X
0.14
X
X
0.44
0.15
0.15
1.10
X
0.31
0.25
0.26
0.11
X
0.33
0.17

iPad
0.14
0.07
0.10
0.28
0.08
1.09
0.07
0.14
0.45
0.11
0.58
1.11
0.09
0.13
1.00
0.09
0.31
1.10
0.30
1.30
1.12
0.13
0.08
0.30
0.16
0.17
0.13
1.04
1.14
0.53
0.33
0.26

Using the JAWS screen reader program to answer a question for Page 2, twenty participants
failed to answer correctly. However, when participants used a touch screen with audio feedback,
only one participant failed to answer correctly and one participant answered by recall.

For Page 3, only one participant failed to answer correctly when using the screen reader
program. In contrast, for Page 4, one participant failed to answer correctly when using a touch
screen with audio feedback.

When using the screen reader program to answer a question for Page 5, six participants failed to
answer correctly. Conversely, when using a touch screen with audio feedback, nine participants
failed to answer correctly.

To investigate the differences in how sighted blindfolded participants locate information when
using their senses of hearing and touching sense, as compared with using their hearing only, a
paired sample t-test was conducted for each page.

Table 5.24 shows the paired sample t-test for Page 1. The significant (two-tailed) value for a
paired t-test for Page 1 is 0.05. This value is equal 0.05. Therefore, we can conclude that there is
a statistically significant difference in the time taken to locate information after using the JAWS
screen reader and an Apple iPad. The mean score for JAWS was 29.3 second and the mean score
for iPad was 16.4 second. Therefore, we can conclude that there is a significant decrease in the
time taken to answer when using an Apple iPad.
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Table 5.24: Paired sample t-test for large region layout (Page 1) for time to locate
information by sighted blindfolded participants
Paired Samples Statistics

Mean
Pair 1

time to locate info
for page1 using
JAWS
time to locate info
for page1 using
iPad

N

Std. Deviation

Std. Error
Mean

29.38

21

31.438

6.860

16.43

21

9.953

2.172

Paired Samples Test
Paired Differences

Mean
Pair
1

time to loc ate info for
page1 using JAWS time to loc ate info for
page1 using iPad

12.952

Std. Deviation

Std. Error
Mean

28.741

6.272

95% Confidence
Interval of the
Difference
Lower
Upper
-.130

26.035

t
2.065

df

Sig. (2-tailed)
20

Table 5.25 shows the paired sample t-test for Page 2. The significant (two-tailed) value for a
paired t-test for Page 2 is 0.00. This value is lower than 0.05. Therefore, we can conclude that
there is a statistically significant difference in the time taken to locate information after using the
JAWS screen reader and an Apple iPad. The mean score for JAWS was 40.9 seconds and the
mean score for iPad was 15.9 seconds. Therefore, we can conclude that there is a significant
decrease in the time taken to answer when using Apple iPad.
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.052

Table 5.25: Paired sample t-test for complex data page (Page 2) for time to locate
information by sighted blindfolded participants
Paired Samples Statistics
Mean
Pair
1

time to loc ate info for
page2 using JAWS
time to loc ate info for
page2 using iPad

N

Std. Deviation

Std. Error
Mean

40.90

10

5.990

1.894

15.90

10

6.262

1.980

Paired Samples Test
Paired Differences

Mean
Pair
1

time to loc ate info for
page2 using JAWS time to loc ate info for
page2 using iPad

25.000

Std. Deviation

Std. Error
Mean

9.055

2.864

95% Confidence
Interval of the
Difference
Lower
Upper
18.522

31.478

t
8.730

df

Sig. (2-tailed)
9

.000

Table 5.26 shows the paired sample t-test for Page 3. The significant (two-tailed) value for a
paired t-test for Page 3 is 0.00. This value is lower than 0.05. Therefore, we can conclude that
there is a statistically significant difference in the time taken to locate information after using the
JAWS screen reader and an Apple iPad. The mean score for JAWS was 148.7 seconds and the
mean score for iPad was 41.3 seconds. Therefore, we can conclude that there is a significant
decrease in the time taken to answer when using an Apple iPad.
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Table 5.26: Paired sample t-test for multi-column with non-body section at top (Page 3) for
time to locate information by sighted blindfolded participants
Paired Samples Statistics
Mean
Pair
1

time to loc ate info for
page3 using JAWS
time to loc ate info for
page3 using iPad

N

Std. Deviation

Std. Error
Mean

148.75

28

60.138

11.365

41.36

28

30.507

5.765

Paired Samples Test
Paired Differences

Mean
Pair
1

time to loc ate info for
page3 using JAWS time to loc ate info for
page3 using iPad

107.393

Std. Deviation

Std. Error
Mean

68.268

12.901

95% Confidence
Interval of the
Difference
Lower
Upper
80.921

133.864

t
8.324

df

Sig. (2-tailed)
27

.000

Table 5.27 shows the paired sample t-test for Page 4. The significant (two-tailed) value for a
paired t-test for Page 4 is 0.00. This value is lower than 0.05. Therefore, we can conclude that
there is a statistically significant difference in the time taken to locate information after using the
JAWS screen reader and an Apple iPad. The mean score for JAWS was 73.7 seconds and the
mean score for iPad was 21.6 seconds. Therefore, we can conclude that there is a significant
decrease in the time taken to answer when using an Apple iPad.
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Table 5.27: Paired sample t-test for multi-column with non-body section at bottom (Page 4)
for time to locate information by sighted blindfolded participants
Paired Samples Statistics
Mean
Pair
1

time to loc ate info for
page4 using JAWS
time to loc ate info for
page4 using iPad

N

Std. Deviation

Std. Error
Mean

73.79

29

36.738

6.822

21.66

29

12.324

2.288

Paired Samples Test
Paired Differences

Mean
Pair
1

time to loc ate info for
page4 using JAWS time to loc ate info for
page4 using iPad

52.138

Std. Deviation

Std. Error
Mean

39.494

7.334

95% Confidence
Interval of the
Difference
Lower
Upper
37.115

67.161

t
7.109

df

Sig. (2-tailed)
28

.000

Table 5.28 shows the paired sample t-test for Page 5. The significant (two-tailed) value for a
paired t-test for Page 5 is 0.63. This value is greater than 0.05. Therefore, we can conclude that
there is no statistically significant difference in the time taken to locate information after using
the JAWS screen reader and an Apple iPad.
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Table 5.28: Paired sample t-test for small region layout (Page 5) for time to locate
information by sighted blindfolded participants

Paired Samples Statistics
Mean
Pair
1

time to loc ate info for
page5 using JAWS
time to loc ate info for
page5 using iPad

N

Std. Deviation

Std. Error
Mean

31.17

18

5.649

1.331

33.06

18

17.685

4.168

Paired Samples Test
Paired Differences

Mean
Pair
1

time to loc ate info for
page5 using JAWS time to loc ate info for
page5 using iPad

-1.889

Std. Deviation

Std. Error
Mean

16.796

3.959

95% Confidence
Interval of the
Difference
Lower
Upper

t

-10.241

-.477

6.464

df

Sig. (2-tailed)
17

Table 5.29 shows the paired sample t-test for Page 6. The significant (two-tailed) value for a
paired t-test for Page 6 is 0.00. This value is lower than 0.05. Therefore, we can conclude that
there is a statistically significant difference in the time taken to locate information after using the
JAWS screen reader and an Apple iPad. The mean score for JAWS was 52.7 seconds and the
mean score for Apple iPad was 33.8 seconds. Therefore, we can conclude that there is a
significant decrease in the time taken to answer when using an Apple iPad.
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Table 5.29: Paired sample t-test for multi-column with much data (Page 6) for time to
locate information by sighted blindfolded participants
Paired Samples Statistics
Mean
Pair
1

time to loc ate info for
page6 using JAWS
time to loc ate info for
page6 using iPad

N

Std. Deviation

Std. Error
Mean

52.77

30

30.873

5.637

33.80

30

26.705

4.876

Paired Samples Test
Paired Differences

Mean
Pair
1

time to loc ate info for
page6 using JAWS time to loc ate info for
page6 using iPad

Std. Deviation

Std. Error
Mean

29.928

5.464

18.967

95% Confidence
Interval of the
Difference
Lower
Upper
7.791

30.142

t
3.471

df

Sig. (2-tailed)
29

.002

5.5 The Effect of Spatial Ability

This section presents the data gathered to investigate the effect of spatial ability on orientation
and sense of position using a touch screen with audio feedback. As discussed in section 4.8,
blind participants were asked to perform a Tactual Performance Test (TPT) to assess their spatial
ability (Experiment Protocol #8 in section 4.8). This experiment was conducted to test the third
and fourth hypotheses of this study:

H3:

Blind participants with a high level of spatial ability have more accurate orientation of a

page in their mental model when using a touch screen with audio feedback.
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H4:

Blind participants with a high level of spatial ability locate information faster when using

a touch screen with audio feedback.

5.5.1 The Effect of Spatial Ability on Orientation

Of ten blind participants, eight used their right hand as the dominant hand while two of them
were left handed. However, a right handed participant, who was also an assistive technology
expert, used his left hand only for Braille reading even though he is right handed.

The average spatial ability score was 6.9 seconds, with a standard deviation of 3.9 seconds.

Testing H3

H3:

Blind participants with a high level of spatial ability have more accurate orientation of a

page in their mental model when using a touch screen with audio feedback.

The relationship between a blind user’s spatial ability and their accuracy in reconstructing page
layout using foam blocks was investigated using the Pearson product–moment correlation
coefficient. Table 5.30 shows the data involved in the study.
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Table 5.30: Data for the blind user’s spatial ability and performance when reconstructing
layout using foam blocks

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10

Spatial
Ability

Accuracy
Page1

Accuracy
Page2

Accuracy
Page3

Accuracy
Page4

Accuracy
Page5

Accuracy
Page6

10.0
5.0
7.0
4.1
4.1
4.2
13.7
12.9
5.0
3.0

100.0
100.0
100.0
100.0
100.0
100.0
66.6
100.0
100.0
100.0

100.0
71.4
100.0
90.4
76.1
85.7
90.4
61.9
61.9
95.2

100.0
0.0
100.0
44.4
11.1
11.1
22.2
88.8
33.3
11.1

63.6
18.1
100.0
81.8
63.6
45.4
27.2
63.6
63.6
54.5

80.0
52.0
100.0
68.0
80.0
16.0
32.0
32.0
68.0
88.0

100
76.5
100
52.9
41.2
70.6
58.8
47.1
64.7
52.9

For Page 1, there is a negative correlation between the two variables (r = -0.612 , N=10, p < .05),
which means that the high scores on one variable are associated with the low scores on the other.
In this case, the higher the TPT total time (lower spatial ability), the lower the performance on
percentage of correct arrangement of headings and cells. Moreover, the strength of this
relationship is strong. The determination of the relationship strength is adopted from Cohen
[155] who suggested a guideline, as shown in Table 5.31.
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Table 5.31: Guideline to determine strength of relationship (adopted from Cohen [155])
r=0

No correlation

No relationship at all

r=.10 to .29 or r=-.10 to -.29

Small correlation

Weak relationship

r=.30 to .49 or r=-.30 to -.49

Medium correlation

Medium relationship

r=.50 to 1.0 or r=-.50 to -1.0

Large correlation

Strong relationship

r=1

Perfect positive correlation

Perfect relationship

r=-1

Perfect negative correlation

Perfect relationship

For Page 2, there is a weak negative correlation (r = -0.031, N=10, p < .05) between the two
variables. This means that the higher the TPT total time (lower spatial ability), the lower the
performance on percentage of correct arrangement of headings and cells.

For Page 3, there is a strong positive correlation between the two variables (r = 0.545, N=10, p <
.05). This means that a higher TPT total time (lower spatial ability) is associated with higher
performance on percentage of correct arrangement of headings and cells.

For Page 4, there is a weak negative correlation between the two variables (r = -0.147, N=10, p <
.05). This means that a higher TPT total time (lower spatial ability) is associated with higher
performance on percentage of correct arrangement of headings and cells.

For Page 5, there is a negative correlation between the two variables (r = -0.372, N=10, p < .05).
This means that a higher TPT total time (lower spatial ability) is associated with lower
performance on percentage of correct arrangement of headings and cells. However, the strength
of the relationship is medium.
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For Page 6, there is a weak positive correlation (r = 0.102, N=10, p < .05). This means that a
higher TPT total time (lower spatial ability) is associated with higher performance on percentage
of correct arrangement of headings and cells.

5.5.2 The Effect of Spatial Ability on Sense of Position

Testing H4

H4:

Blind participants with a high level of spatial ability locate information faster when using

a touch screen with audio feedback.

The relationship between a blind user’s spatial ability and their performance to answer a question
was investigated using the Pearson product–moment correlation coefficient. Table 5.32 shows
the data gathered in the study.
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Table 5.32: Data for the blind user’s spatial ability and time to locate information

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10

Spatial
Ability

Time
Page1

Time
Page2

Time
Page3

Time
Page4

Time
Page5

Time
Page6

10.0
5.0
7.0
4.1
4.1
4.2
13.7
12.9
5.0
3.0

0.35
0.31
0.17
0.21
0.08
0.14
0.50
0.30
0.39
0.10

0.40
0.46
0.20
0.37
0.11
0.46
X
0.37
0.56
0.19

0.45
2.20
0.23
0.25
1.02
1.06
1.16
1.11
1.20
0.11

0.41
0.41
0.20
0.20
0.13
0.55
1.21
1.07
0.55
0.18

0.55
0.53
0.31
1.02
0.25
0.32
X
X
X
0.21

1.25
0.16
0.32
0.04
0.03
0.21
2.01
0.07
1.47
0.19

For Page 1, there is a positive correlation between the two variables (r = 0.802, N=10, p < .05).
This means that the higher TPT total time (lower spatial ability), is associated with a longer time
to answer the question given. The strength of the relationship is strong.

For Page 2, there is a positive correlation between the two variables (r = 0.745, N=10, p < .05).
This means that a higher TPT total time (lower spatial ability) is associated with a longer time to
answer the question given.

For Page 3, there is a weak positive correlation between the two variables (r = 0.138, N=10, p <
.05). This means that a higher TPT total time (lower spatial ability) is associated with a longer
time to answer the question given.
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For Page 4, there is a strong positive correlation between the two variables (r = 0.583, N=10, p <
.05). This means that a higher TPT total time (lower spatial ability) is associated with a longer
time to answer the question given.

For Page 5, there is a positive correlation between the two variables (r = 0.267, N=10, p < .05).
This means that a higher TPT total time (lower spatial ability) is associated with a longer time to
answer the question given. However, the strength of the relationship is weak.

For Page 6, there is a perfect positive correlation between the two variables (r = 1, N=10, p <
.05). This means that a higher TPT total time (lower spatial ability) is associated with a longer
time to answer the question given.

5.6 Further Investigation on Differences Between Groups
An independent sample T-test was conducted to investigate whether there are differences
between blind participants and sighted blindfolded participants for the following measures:

1. Prior knowledge of screen reader.
2. User’s spatial ability.
3. Workload (Mental Demands, Physical Demands, Temporal Demands, Own Performance,
Effort and Frustration).
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If a paired sample t-test was used to compare related groups, as discussed in Chapter 4, an
independent sample t-test was adopted to compare groups of participants that are not related in
any way as suggested by Sekaran [154]. The groups of blind and sighted blindfolded participants
are independent from one another.

Table 5.33 shows the results of the independent sample t-test for previously mentioned measures
gathered through a survey (Experimental Protocol #10) — see Appendix D. For the survey
question about ability to use a screen reader program, five Likert scales ranging from ‘None’ to
‘Expert’ were used in the questionnaire.

Table 5.33: Mean ratings for subjective workload by blind participants (5-point Likert
scale: 1=very low to 5=very high)
Survey question

N

Mean

SD

How mentally
demanding was the task
using iPad?

10

2.90

.738

How physically
demanding was the task
using iPad?

10

2.60

.966

How rushed was the
task using iPad?

10

2.10

1.101

How successful were
you when using iPad?

10

3.60

.516

How hard was it for you
to accomplish your
10
work?

3.30

.483

How stressed were you? 10

2.20

1.033

Valid N (listwise)

10
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From the table, it can be seen that the significant (two-tailed) value for ability to use a screen
reader program is 0.00. This value is lower than 0.05. Therefore, we can conclude that there is a
statistically significant difference in the ability to use a screen reader program between blind and
sighted blindfolded participants. The mean for blind participants was ‘Good’ (4.3) while the
mean for sighted blindfolded participants was ‘Poor’ (2.5).

The significant (two-tailed) value for spatial ability is 0.273. This value is higher than 0.05.
Therefore, we can conclude that there is no statistically significant difference in spatial ability
between blind and sighted blindfolded participants.

As discussed in Chapter 4, subjective workload on participants when using a touch screen with
audio feedback was accessed using the NASA-TLX [150]. Table 5.33 and Table 5.34 show the
mean ratings for subjective workload accessed by the blind participants and blindfolded
participants respectively.

To investigate the difference between two groups, an independent sample T-test was conducted.
Table 5.35 shows that there are significant differences in ‘Mental Demands’ and also in ‘Effort
and Frustration’. Sighted blindfolded participants assessed the ‘Mental Demands’ measure
higher (mean = 3.8) compared with blind participants (mean = 2.9). The same result occurs for
the ‘Effort and Frustration’ measure; sighted blindfolded participants assessed this measure
higher (mean = 3.0) compared with blind participants (mean = 2.2).
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Table 5.34: Mean ratings for subjective workload by sighted blindfolded participants (5point Likert scale: 1=very low to 5=very high)

Survey question

N

Mean

SD

How mentally
demanding was the
task using iPad?

30

3.83

.950

How physically
demanding was the
task using iPad?

30

2.87

.937

How rushed was the
task using iPad?

30

2.70

.750

How successful were
you when using iPad?

30

3.23

.971

How hard was it for
you to accomplish your 30
work?

3.73

.868

How stressed were
you?

30

3.03

1.159

Valid N (listwise)

30
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Table 5.35: Independent sample t-test for prior knowledge of screen reader, user’s spatial
ability and workload
Group Statistics

ability using Assistive
Tech
Participant's spatial ability
result using TPT kit
How mentally demand the
task using iPad
How physic ally demand
the task using iPad
How rushed was the task
using iPad
How successful were you
when using iPad
How hard were you to
accomplish you work
How stress were you

Sight
blind
sighted
blind
sighted
blind
sighted
blind
sighted
blind
sighted
blind
sighted
blind
sighted
blind
sighted

10
30
10

Mean
4.30
2.53
6.900

Std. Deviation
.483
.900
3.9053

Std. Error
Mean
.153
.164
1.2350

30

8.307

3.3167

.6055

10
30
10
30
10
30
10
30
10
30
10
30

2.90
3.83
2.60
2.87
2.10
2.70
3.60
3.23
3.30
3.73
2.20
3.03

.738
.950
.966
.937
1.101
.750
.516
.971
.483
.868
1.033
1.159

.233
.173
.306
.171
.348
.137
.163
.177
.153
.159
.327
.212

N
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5.7 Summary of Hypotheses Testing
A summary of the findings for Hypothesis 1 are displayed in Table 5.36.

Table 5.36: Summary of the findings for Hypothesis 1
H1: Using a touch screen with audio feedback, blind users will achieve more
accurate orientation of a page than when using a screen reader program only.
Page ID
Characteristic
Decision
Blind
Sighted
Blindfolded
Page 1
Large region
Rejected
Rejected
Page 2
Complex data table
Rejected
Rejected
Page 3
Multi-column with nonRejected
Accepted
body section at top
Page 4
Multi-column with nonRejected
Accepted
body section at bottom
Page 5
Small region
Rejected
Rejected
Page 6
Multi-column with much
Accepted
Accepted
data

There was no significant difference in orientation by blind users when using a touch
screen with audio feedback compared with using a screen reader program for either the
large region page (Page 1) or the small region page (Page 5). The same result was found
in the sighted blindfolded group.

As shown in Table 5.36 above, there was no significant difference in orientation by
blind users when using a touch screen with audio feedback, compared with using a
screen reader program for all complex pages including a page with a data table. On the
other hand, there was a significant difference in orientation by sighted blindfolded
participants when using a touch screen with audio feedback, compared with using a
screen reader program for complex pages, except the complex data table (Page 2). Table
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5.9 shows that the percentage of correct arrangements of headings and cells by sighted
blindfolded participants were higher when using touch screen with audio feedback.

There was a significant difference in orientation by blind users when using a touch
screen with audio feedback compared with using a screen reader program, for Page 6.
The same result was found in the sighted blindfolded group.

Therefore, this study found that H1 is not supported except for Page 6. The discussion
of this finding can be found in Chapter 6, section 6.4.1.

In the testing of Hypothesis 2, Table 5.37 shows the summary.

Table 5.37: Summary of the findings for Hypothesis 2
H2: Blind users will locate information faster when using a touch screen with audio
feedback than when using a screen reader program only.
Page ID
Characteristic
Decision
Blind
Sighted
Blindfolded
Page 1
Large region
Rejected
Accepted
Page 2
Complex data table
Rejected
Accepted
Page 3
Multi-column with nonRejected
Accepted
body section at top
Page 4
Multi-column with nonRejected
Accepted
body section at bottom
Page 5
Small region
Rejected
Rejected
Page 6
Multi-column with much
Rejected
Accepted
data

As shown in Table 5.37 above, there were no significant differences in time taken for
blind users to locate the answer when using a touch screen with audio feedback,
compared with using a screen reader program, for any of the pages.
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On the other hand, there were significant differences in time taken for sighted
blindfolded users to locate the answer when using touch screen with audio feedback,
compared with using a screen reader program, for all pages accept for Page 5.

Therefore, this study found that H2 is not supported. The discussion of this finding can
be found in Chapter 6, section 6.4.2.

In the testing of Hypothesis 3, Table 5.38 shows the summary.

Table 5.38: Summary of the findings for Hypothesis 3
H3: Blind participants with a high level of spatial ability have
orientation of a page when using a touch screen with audio feedback.
Page ID
Characteristic
Decision
Blind
Page 1
Large region
Accepted
Page 2
Complex data table
Accepted
Page 3
Multi-column with non-body
Rejected
section at top
Page 4
Multi-column with non-body
Accepted
section at bottom
Page 5
Small region
Accepted
Page 6
Multi-column with much
Rejected
data

more accurate

Strength
Strong
Weak
Weak
Medium
-

As shown in Table 5.38, there is a significant interaction effect between a blind user’s
spatial ability and accuracy of orientation using a touch screen with audio feedback, for
all pages except Page 3 and Page 6.

Therefore, H3 is supported except for Page 3 and Page 6. The discussion of this finding
can be found in Chapter 6, section 6.4.4.
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In the testing of Hypothesis 4, Table 5.39 shows the summary.

Table 5.39: Summary of the findings for Hypothesis 4
H4: Blind participants with a high level of spatial ability locate information faster
when using a touch screen with audio feedback.
Page ID
Characteristic
Decision
Blind
Strength
Page 1
Large region
Strong
Accepted
Page 2
Complex data table
Strong
Accepted
Page 3
Multi-column with non-body
Weak
Accepted
section on top
Page 4
Multi-column with non-body
Strong
Accepted
section at the bottom
Page 5
Small region
Weak
Accepted
Page 6
Multi-column with much
Perfect
Accepted
data

As shown in Table 5.39 above, there is a significant interaction effect between a blind
user’s spatial ability and the time taken to find the answer using a touch screen with
audio feedback for all pages. Therefore H4 is supported. The discussion of this finding
can be found in Chapter 6, section 6.4.4.

5.8 Content Analysis

Apart from investigating mental models created by blind people using quantitative data
gathered from diagrammatic representation and performance data, mental model data
was also gathered from an online protocol (video recording), which recorded user and
system actions. This verbal data was investigated using content analysis. The
combination of both protocols generated a richer record by integrating relevant user
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comments (obtained from the verbal protocol) into the record of user–system
interaction.

5.8.1 Procedure

The data for the online protocol was gathered from observing the participant interaction
with the experimental pages using a touch screen with audio feedback and using a
screen reader program. Video recording was used to assist the analysis phase. Verbal
data was gathered using a think-aloud protocol with a modified version dedicated for
screen reader users [141]. Participants were asked to verbalize any thoughts and feelings
while interacting with the system, or give his or her remarks at the end of each session.

The investigator sat next to the participant and was allowed to ask the participants to
comment on their actions. The comments and explanations were then added to each
user’s verbal statements and system actions by the researcher where appropriate.

The observation sessions consisted of the users being asked to work through a set of
hands-on tasks and questions. An investigator (the author) would sit with the participant
as he or she worked through the tasks, prompting the participant for verbal information
whenever appropriate. The investigator would always ask for explanation when errors
occurred and when the user seemed not sure what to do next. The user could ask
questions with the investigator asking counter-questions to probe the user’s mental
model. Only when a user seemed unable to solve a task or recover from a problem
would the investigator give them procedural instructions.
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At the end of the experiments, each blind participant was asked a question:

“Do you think using a touch screen with audio feedback is helpful for you to get
better orientation and a better sense of position?”

All observation sessions were recorded on videotape and subsequently transcribed. This
study also observed other comments about the use of a touch screen with audio
feedback and the JAWS screen reader program for accessing layout tables and data
table.

5.8.2 Results

The ten blind participants reported in the previous chapter were involved in these
observations. When starting the analysis, the researcher decided to analyze the manifest
content as well as the latent content. The aim with latent content is to also notice
silence, sighs, laughter and posture. The preparation phase started with selecting the unit
of analysis, which could be a letter, word or sentence. The transcription of verbal and
audio data was read several times for complete familiarity with the content so that the
insight could flow from the data.

The content of the participants’ comments and observations were classified into two
categories: Agree and Disagree. The results are shown in Table 5.40.
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Table 5.40: Participants’ opinions
Frequency

%

Agree

6

60.0

Disagree

4

40.0

No. participants

10

100.0

From Table 5.40, it can be seen that the majority of the blind participants (60%) agreed
that a touch screen with audio feedback is helpful for better orientation and a better
sense of position. On the other hand, 40% of the blind participants disagreed that a
touch screen with audio feedback was helpful.

Table 5.41 summarizes the comments and elements that support the participants’
opinions.

Table 5.41: Summary of comments
Category

Comments/Elements support

Agree

If I have been using this (iPad) as long as I have been using JAWS, yes,
I can tell it is going to be better in the long run.
I am going to buy an iPad.
It helps me. I have an iPod but I have never used it. It gives me better
idea on how iPod works as well.
I always have problem dealing with table. If you want to analyze the
data, the overview is so important. It was very good experience.

Disagree

If the layout of the information is important, the iPad can be helpful.
But it is [a] pain.
Compared to iPhone, the small screen makes it easy to use.
A person like me, the spatial awareness is not important. Still prefer to
receive the info one by one.

147

The observations for each experimental page are given in the following sections.

5.8.3 Large Region Table

Most (90%) of the blind participants did not faced any difficulties in obtaining the
correct overview and constructing the correct diagrammatic representation using the
JAWS screen reader. However, one participant (10%) ignored the number of rows and
columns information and was unable to construct the correct diagrammatic
representation. Another participant asked the investigator how she could know of any
merged cells. This participant initially constructed a diagrammatic representation in
vertical order however, after a brief explanation about the concept of rows and columns,
she reconstructed the diagram. When answering a question, initially she was accessing
the table from bottom to top. Her first answer was incorrect, but she double checked the
answer by accessing the table from top to bottom and got the correct answer.

Similar to the experiment with the JAWS screen reader, most (90%) of the participants
did not have any difficulties obtaining the correct overview and constructing the correct
diagrammatic representation using a touch screen with audio feedback, except for one
participant who had difficulty performing the flicking gesture correctly. When the
system did not recognize the gesture, the VoiceOver program would start the process of
reading the content from the beginning of the page. As a result, this participant was
hearing the content repeatedly. In terms of choice of gesture preferences, most (60%) of
the blind participants utilized the gliding gesture almost all the time when accessing the
experimental pages using a touch screen with audio feedback. Three of the blind
participants (30%) used a combination of flicking and gliding gestures. One expert
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participant utilized flicking gesture almost all the time. One participant utilized a gliding
gesture, however his finger movement from one region to the next region was too fast
and not in a straight line. Consequently, he could not get the correct arrangement of the
shapes.

Insights

1. When using a touch screen with audio feedback, if finger movement is too fast it
increases the possibility of losing information.

5.8.4 Complex Data Table

Figure 5.42 shows comments and elements that support participants’ opinions when
accessing complex data table. When using the JAWS screen reader, the most common
comment received from participants was about the difficulty to identify merging cells.
They felt confused and unsure about merging cells and as a result could not determine
the correct relationship between rows and cells. Two of the participants reported that
they were less sure that they got the correct construction of their diagrammatic
representation.

Table 5.42: Coding for complex data table
JAWS
Codes

iPad
Frequency

Codes

Frequency

Sound drives you crazy

1

Difficult

1

Confuse/can’t figure out/can’t
tell what it is/that something

9

Need more experience/better
in the long run

2
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JAWS
Codes

iPad
Frequency

Codes

Frequency

else/less sure/difficult to
identify/got no idea
Not confident got that right

2

Make much more sense

1

Complicated

1

Have better concept

1

Worst design

1

Now I know what you mean

1

Impossible to get visual layout

1

Confident

1

On the other hand, when using a touch screen with audio feedback, most of the
participants commented positively. One participant reported that it was difficult to use
the touch screen with audio feedback to access tables. Some participants felt that they
needed more time to experience the technology. A participant also commented that it
made more sense using a touch screen with audio feedback to access the experimental
pages and had better concept and understanding of how to access a web page using
touch screen with audio feedback.

Insight

2. When using the JAWS screen reader, it is difficult for users to identify merging
cells. However, when using a touch screen with audio feedback, it makes more
sense when accessing data table because the users can identify the merged cells.
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5.8.5 Multi-column Layout with Non-body Section at Top of Web Page

Table 5.43 shows comments and elements that support participants’ opinion when
accessing a multi-column layout with a non-body section at the top of a web page.

Table 5.43: Coding for multi-column layout with non-body section at top of web
page
JAWS
Codes

iPad
Frequency

Codes

Frequency

Vertical

3

Complicated

2

Crazy

1

Difficult

2

Confusing

1

Do not know what to focus

1

High speed reading

1

Lack of searchable function

1

Too much info

1

Take some time to explore to
get correct overview

1

Ordinary user could not get
the concept

1

Using the JAWS screen reader, a few participants reported that the page was confusing
and extremely challenging. As a result, three participants constructed their
diagrammatic representation in vertical order. One participant, who was an expert user
of a screen reader program, changed the speed of voice rate to 105 words per minute
which was too fast for an average user to grasp the words spoken. Consequently, he at
first could not find the answer since he only heard the first word of every sentence.
After he heard the content more slowly, he managed to give the correct answer.
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When using a touch screen with audio feedback, a few participants reported that the
page was confusing and difficult for them to obtain an overview. They did not know
where to focus, as there was too much information in the page and they were unfamiliar
with the search function. Because of this they had to spend more time exploring the
page before they could get the correct overview. An expert participant claimed that
ordinary blind people could not easily get this concept.

Insights
3. Using the JAWS screen reader and a touch screen with audio feedback to access
a multi-column layout with non-body section at the top of a web page is
difficult.

5.8.6 Multi-column Layout with Non-body Section at Bottom of Web Page

Table 5.44 shows comments and elements that support participants’ opinion when
accessing a multi-column layout with non-body section at the bottom of a web page.

When using the JAWS screen reader, two participants (20%) were observed to have a
vertical mental model of a web page. These participants built a linear list of elements
using diagrammatic representations. Four of the participants (40%) reported that they
were not sure about the shape of the table and were not so happy with the construction
of diagrammatic representations. Interestingly, when using the JAWS screen reader, a
few of the blind users repeatedly claimed that spatial awareness was not important for
them. This contrasts with the suggestion that effective web design and assistive aids
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should support spatial awareness so that web travelers can more easily track their
position [65] [21].

On the other hand, when using touch screen with audio feedback, two participants
(20%) commented that they had some idea where to point their finger to get the
information and they claimed they could find the information fast.

Table 5.44: Coding for multi-column layout with non-body section at bottom of
web page
JAWS
Codes

iPad
Frequency

Codes

Frequency

Other headings come down
(vertically)

1

Had an idea where to go

1

Hard to tell whether in this row
or next. Not clear about the
shape of the table/not sure/not
so happy

4

Could find it quickly

1

Spatial awareness - Doesn’t
matter/doesn’t bother me/don’t
care/just want the info. Blind
people do not draw mental
picture unless using Braille

8

Building a linear list

1

Insights

4. Spatial awareness is not important for screen reader users but is useful when
using a touch screen with audio feedback.
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5.8.7 Small Region Table

Most (90%) of the blind participants did not face any difficulties obtaining the correct
overview and constructing a correct diagrammatic representation using the JAWS
screen reader. However, similar to the experiment with large region page (Page 1), two
participants ignored the number of row and column information and were unable to
construct correct diagrammatic representations.

On the other hand, when using touch screen with audio feedback, most (90%) of the
blind participants were unable to get the correct overview or construct the correct
diagrammatic representations. Almost 80% of the participants used a gliding gesture
during the exploration process.

Insights

5. When using a gliding gesture on touch screen with audio feedback, the region
size is important in assisting the exploration process.

5.8.8 Multi-column Layout with Much Data

Table 5.45 shows comments and elements that support participants’ opinion when
accessing Page 6.

When using the JAWS screen reader, two of the participants (20%) commented that
they were not sure and had no idea how to arrange the diagrammatic representation.
One participant claimed that this page was the hardest compared with the other
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experimental pages and another participant commented that this page contained a lot of
data. Another participant commented that he usually did not think about the columns
when accessing a web page with this sort of information. Observations on the
construction of diagrammatic representations by this participant showed that he
constructed the diagrammatic representation in vertical order. One participant always
missed the information he needed because he pressed the navigation key too fast.
However, two participants (20%) claimed that they were getting better with the concept
of the layout and the exploration process became easier to them over time.

In contrast, when using a touch screen with audio feedback, positive comments and
observations were gathered. Three participants (30%) claimed that by using a touch
screen display with audio feedback they were able to point to a specific region to get the
information. Two participants felt more confident with the device. However, during the
exploration one participant failed to spot the right hand side region of the page and as a
result took more time to get the information required.

Table 5.45: Coding for multi-column layout with much data
JAWS
Codes

iPad
Frequency

Codes

Frequency

Not sure how to arrange/No
idea

2

Correct overview

1

The hardest

1

Able to point to specific
region for answer

3

Getting better/easier

2

Feel confident

2

I don’t even think about the
column.

1

Missed the right hand side of
the region

1

Page contains so much
information

1
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Insights
6. The users of a touch screen with audio feedback are able to get a sense of
position when accessing a multi-column layout with much data.

5.8.9 Other Observations

It was observed that blind participants did not listen to the content until the end. They
would hear just enough to decide whether they should continue listening or move to the
next item. Using the JAWS screen reader, when the user moves to the next item, the
audio rendering of the previous item stops. However, when using a touch screen with
audio feedback, when the user moves to the next item, the audio rendering of the
previous item continues until it has finished saying the whole sentence. As a result,
users were confused and took more time to verify both items. This is an area where textto-voice programs, such as the iOS VoiceOver program, could be improved.

A number of challenges were found when using the touch screen with audio feedback.
Without any advanced features, dragging the entire screen to find an item was difficult
and time-consuming. Most participants explored a web page unsystematically, causing
them to re-visit cells or regions they had already explored. However these shortcomings
are not fundamental to touch screen devices and could be resolved by improving the
relevant software programs.
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Because of lack of familiarity with dragging gesture, some participants explored the
screen too quickly for the program to sound out the elements. Because of this, some
participants struggled to locate the information required.

5.9 Summary

This chapter reports the results of the research work on orientation and sense of position
using a touch screen with audio feedback compared with using a screen reader program.
The effects of blind users’ spatial ability on orientation and sense of position using a
touch screen with audio feedback were also investigated.

The findings indicated that, when using a touch screen with audio feedback, blind
people have difficulty achieving accurate orientation in large or small region web pages
and in complex web pages, including those with complex data tables. However, when
using a touch screen with audio feedback to accessing a multi-column layout with much
data (a news web page), blind users achieved more accurate orientation.

Investigation of time taken to locate information revealed that blind users do not have a
better sense of position when using a touch screen with audio feedback when compared
with a screen reader program. This is in contrast with the sighted blindfolded group.
Although there were significant differences for both ‘Mental Demands’ and ‘Effort and
Frustration’ between sighted blindfolded participants and blind participants, this study
found that sighted blindfolded participants have a better sense of position when using a
touch screen with audio feedback than when using a screen reader program.
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The findings also indicated that blind participants with a high level of spatial ability
have a better sense of position when using a touch screen with audio feedback.
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Chapter 6
DISCUSSION AND CONCLUSION
6.1 Introduction

The focus of this research was to investigate mental models created by blind people
using a touch screen with audio feedback. This study discusses the results of the effect
of using touch and hearing to obtain the correct overview and sense of position of web
pages and the possible interaction effects between multimodal interaction and a user’s
navigability; that is, mental workload and spatial ability. The concept of a mental model
has been adopted in this study for the purpose of exploring cognitive processes, in
particular, how blind users develop, use and adapt their mental models to interact with a
multimodal system. Accessibility and usability studies were conducted using an
experimental-task scenario to elicit mental models data. Data gathered from this study
was analyzed using mixed methods. In this chapter, the methodological contribution for
eliciting mental models is highlighted, key findings are discussed and a guideline for
developing usable and accessible web pages for touch screen devices with audio
feedback is proposed.

This study has gathered empirical data of the user’s mental model and performed
usability studies based on touch screen with audio feedback. The four major research
questions raised by the study are:

1. How different are the two mental models in terms of their representation of the
web page structure?
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2. How differently does the blind user locate the information using touch screen
with audio feedback compared with using a screen-reader program only?
3. When using a touch screen with audio feedback, is there any difference in terms
of mental workload between the blind and the sighted blindfolded participants?
4. Is there a relationship between a user’s spatial ability and his or her performance
when using a touch screen with audio feedback?

This study answered these research questions by:

1. Gathering mental model data according to mental model theories. The study also
proposed a method to elicit mental model data from blind people using
diagrammatic representation.
2. Evaluating the usability of a touch screen with audio feedback.
3. Evaluating a blind user’s mental workload when using touch screen with audio
feedback.
4. Evaluating the suitability of using a touch screen with audio feedback to access
different web page layouts and data tables. The study also investigated the
relationship between blind users’ navigability and spatial ability when using a
touch screen with audio feedback.

This study confirmed previous findings that the mental models of screen-reader users
are in a single-column like structure [17][19][22]. However, expert and more
experienced screen-reader users were able to imagine the layout in a two-dimensional
perspective, although it was not 100% correct. Through a series of experiments with
blind people, most blind participants agreed that a touch screen with audio feedback is
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helpful for getting better orientation and a better sense of position. However, lack of
training in using touch screen devices and varied levels of previous experience using a
screen-reader program contributed to a divergence in comments. When accessing web
pages using a touch screen with audio feedback, the size of a region plays an important
role in assisting exploration process. If the region is too small, users easily miss
neighborhood regions. The page complexity also seems to affect accuracy of overview
and may have implications in accessing a web page.

This study also found that there is a significant interaction effect between a user’s
spatial ability and the time required to answer a question using a touch screen display
with audio feedback, suggesting that a blind user’s spatial ability has a potential
moderating effect on their performance when using a touch screen with audio feedback.

Contrary to the screen reader program, which forces its user to access two-dimensional
web pages in a serial form, the touch screen with audio feedback has the potential to
allow blind users to access web pages from a two-dimensional perspective.

6.2 Methodological Contribution

One of the objectives of the research described in this thesis was to explore the potential
of different experimental scenarios for eliciting a user’s mental model. The
experimental style scenario was employed to elicit four types of mental model data: i)
performance; ii) verbal protocol; iii) online protocol; and iv) diagrammatic
representation. Conclusions about the benefit of these experimental scenarios are
presented in this section.
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From the literature, it was found that previous research on the mental models of blind
people focused on performance data, verbal protocols and online protocols. This study
extended the previous works with another protocol appropriate for blind people:
diagrammatic representation.

The empirical work presented in this thesis was developed based on Sasse’s work [32].
The experimental style scenario employed in the study and presented in this thesis
required blind users to work through a set of tasks, which were used to derive
performance data such as task completion and time taken to complete the task given. At
the same time, users were prompted by the investigator to verbalize their thoughts,
producing verbal data which was analyzed for indications of the user’s mental model.
Constantly prompting participants to think aloud during completion of tasks seemed
disruptive as the participants needed to hear the content spoken by the screen reader
programs. The most natural way to elicit information was to prompt participants just
after they finished the individual task.

Verbal statements related to user preferences, expectations and errors are a rich source
of information about a user’s mental model. The performance analysis in this study
confirmed that multiple user errors on a particular task are often due to the same reason.
This could provide a pointer to flaws in the user’s mental model. This type of scenario
is, therefore, suitable for bringing out useful information about flaws in the user’s
mental model and their cause. It can be used to predict actions which users have
problems with and assist in discovering the source of the problem.
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On the other hand, a tightly structured situation requires participants to strategize and
work out how to perform the tasks given. Participants could not expect much help from
the investigator in the experiments because they were required to perform as naturally
as possible. This placed an additional cognitive demand on the users. Therefore, loosely
structured scenarios should be considered, to allow users to explore aspects of the
system they do not know or feel uncertain about.

This study adopted within-subject repeated measurement, which involves the participant
accessing the same experimental web pages using two different modalities. The screen
reader program worked as the control for the study. One drawback of repeated
measurement is that the participant may gain experience during the experiments. To
overcome the learning effect, this study randomly assigned the sequence in which
participants experimented with web pages using the research apparatus. Half the
participants accessed web pages using the screen reader program first, while the other
half accessed web pages using the touch screen with audio feedback first. This
arrangement assisted in separating the learning effect and intervention effect. The
assumption is that the learning effect is independent from the study sequence of the
participant. The second approach used to minimize the learning effect was to design
tasks for the same page to be slightly different in terms of the question asked. Thus, for
the same experimental web page, one question was asked for the screen reader program
and a different question was asked for the touch screen with audio feedback. This
design removed the effect of task differences under different conditions, while keeping
learning effect to a minimum.
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The transcripts from the verbal protocol contained both the verbal data elicited in the
study and descriptions of the participants’ non-verbal behavior and system actions. It
was necessary to include this type of information in the transcripts to determine what
may have triggered a particular user action and to interpret user statements as accurately
as possible. Even with this additional information included in the transcripts, it was
often necessary to return to a videotape and replay a situation when rating a user’s
performance and identifying evidence of their mental model. Closer inspection of a
user’s behaviors, especially their errors, yielded evidence about misrepresentations of
the user’s mental model.

Adoption of both quantitative and qualitative analysis in this study had the advantage of
building a comprehensive understanding of existing knowledge. This allowed the
integration of parts of existing theories, which could be validated against data from this
study and thus supports the integration of existing HCI and general knowledge into a
theory of a user’s mental model.

6.3 Diagrammatic Representations for Mental Model Studies
In this study, the blind people’s mental models of navigability were discussed in terms
of their performance on two important components: orientation and sense of position. In
the existing literature, mental models were often elicited using performance data,
observation, interviews or drawing. In this study, diagrammatic representation was used
in combination with performance, observation and interview to explore the blind
people’s mental models. In this methodological endeavor, this study found that
diagrammatic representation is an effective method to illustrate concrete elements and
relationships between the elements in people’s mental models of web pages.
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Diagrammatic representations are also useful to illustrate differences between the user’s
and designer’s models of a web page.

Diagrammatic representations on their own, however, pose difficulties in revealing
abstract aspects of mental models, such as blind users’ understanding of information
organization on a web page. To shed light on these aspects of mental models, thinkaloud and interview protocols were adopted to gather more information on specific
issues. Different sources of user mental models and the way in which they influence the
construction of a user’s mental model, could be described concisely in this manner.
Thus, in this sense, the construction of diagrammatic representation, think-aloud and
interview methods complement each other. It is important to emphasize that it is useful
to ask participants to describe their construction of diagrammatic representations
because it assists to reduce misinterpretations on the part of the researcher.

6.4 Multimodal Interaction on Blind User’s Navigability

There is no single sensory modality that is able to replace the sense of sight. The sense
of sight provides a comprehensive way to provide an overview of a web page which
cannot be replicated using the other senses. It is therefore the task of the interface
designer to provide as much assistance in exploring a web page. A few researchers have
suggested that combinations of other modalities such as touching and hearing senses
could be integrated to achieve a better sense of the environment [14, 28, 76, 77].
Moreover, blind computer users must be able to collaborate with their sighted coworkers. Therefore, an interface should attempt to convey to blind users a mental model
of the system similar to that of sighted users. However, it is important that the
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information gathered from these different sensory modalities be integrated as sensory
integration is necessary to process spatial information so that better comprehension of
surroundings can be achieved.

It seems clear that touch screen devices will become more and more common and
essential to the everyday lives of Internet citizens. Therefore, ways must be found in
which people with disabilities can participate equitably in the information community. It
is the responsibility of information providers and technologists to try to assist this
participation in every way possible.

6.4.1 Gaining an Overview
The first research question of this study was ‘How different are the two mental models
in terms of their representation of a web page structure?’. The percentage of correct
arrangements of diagrammatic representation was used as an indicator for measuring the
orientation.

Experiments with 10 blind participants executing browsing tasks on six experimental
pages showed that, when using a touch screen with audio feedback, these participants
constructed a diagrammatic representation with significant accuracy. However, this was
only for a simple web page layout. Although other web pages (except for a multicolumn layout with non-body section at the top of the page) showed a better percentage
of correct arrangement of headings and cells using a touch screen with audio feedback
compared with a screen reader program (Table 5.2), these differences were not
statistically significant. One possibility for this outcome may be because the experiment
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was too short in terms of training time for different types of layout. Moreover, only two
types of layout were used in the training sessions, potentially resulting in less familiarity
with different layouts.

The results suggest that, for better orientation when using a touch screen with audio
feedback, multi-column with much data (simple layout) should be used by web
designers. In any case, multi-column with much data (simple layout) is suitable for
many blind people regardless of spatial ability (described in section 6.4.4).

A large region layout (Page 1) recorded the highest accuracy for blind users when using
a touch screen with audio feedback, compared with other layouts. This particular layout
reduces the quantity of information on a web page so that it is easier for blind people to
scan the page. This is consistent with other research, which claimed that a great quantity
of information is confusing and induces rapid scanning of the whole page [156, 157,
158]. Furthermore, Miller’s classic paper on ‘The Magical Number Seven’ reported that
only seven (plus or minus two) pieces of information can be stored in short term
memory at one time [159]. Therefore, grouping of interrelated elements should be
considered to increase the amount of information to be retained in blind users’ memory
[160].

Moreover, for a small region layout (Page 5), the ‘fat finger’ seems to be the main
reason why blind participants performed better using a screen reader program compared
with using a touch screen with audio feedback (Table 5.2). For a small region layout,
sequential access to the content seems more suitable and less confusing for blind users.
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A multi-column layout with non-body section at the top of the page recorded the lowest
accuracy by blind users when using either a screen reader program or a touch screen
with audio feedback (Table 5.2). This indicates that this layout is difficult for blind
people and should be avoided by web designers.

Data gathered from 30 sighted blindfolded participants showed significant differences in
orientation between using a screen reader and using a touch screen with audio feedback.
However, significant differences were found only for multi-column layout with nonbody section at top of web page, multi-column layout with non-body section at bottom
of web page and multi-column with much data (simple layout). This finding may
suggest that the better orientation of users using a touch screen with audio feedback may
be affected by their previous experiences with navigation in a two-dimensional
perspective. As suggested by Heller [161], blind people’s visuo-spatial representations
differ from sighted people’s because the blind lack experience of external frame of an
object as reference cues. This includes knowledge of the horizontal and vertical, which
aids the construction of an object-centered representation [162].

Similar to the blind participants, the sighted blindfolded participants recorded the
highest average on percentage of correct arrangement of diagrammatic representation
for the large region layout (Page 1) (Table 5.9). Sighted blindfolded participants
outperformed blind participants on percentage of correct arrangement of diagrammatic
representation for almost every layout, using both a screen reader program and a touch
screen with audio feedback. All sighted blindfolded participants utilized a gliding
gesture during exploration. It seems that the touch screen with audio feedback, with no
direction constraints, allowed more accurate exploration, leading to higher scores of
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recognition. Although a touch screen with audio feedback does not offer any haptic
feedback, the consistent position of the region on the tablet means that users can use
their kinesthetic sense (a sense pertaining to the position or movement of the body, the
ability to know location and relative position) to communicate the layout of the page.
Previous experience using a mouse may facilitate transfer of knowledge for sighted
blindfolded participants, enabling them to understand and browse the layout table more
effectively.

Gaining a deeper understanding of the user mental models of information organization
may shed light on presenting information in various information landscapes to fit user
expectations and creating information structures that best support their cognitive
functions. Most blind participants in this study had a serial mental model of how
information is organized on the Web. However, when using a touch screen with audio
feedback, these participants had vague two-dimensional mental models and were unable
to articulate that model in a similar way to the one in sighted people’s minds. The
articulated models of two-dimensional perspectives varied in complexity and
sophistication as some of them were not completely correct. In addition, there were a
few blind participants who had never considered the issue of information organization
or could not articulate their thoughts in a spatially based manner. Training on using
touch screen devices might be needed to help these participants gain a clearer picture of
how information is organized on the Web. By constructing more sophisticated mental
models, blind participants’ tolerance of complex information environments on the Web
could be improved, they could made be more comfortable with navigating the Web
using a touch screen with audio feedback and collaboration with their sighted
counterparts might be possible.
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6.4.2 Sense of Position
The second research question of this study was ‘How differently does the blind user
locate the information using touch screen with audio feedback compared to using screen
reader program only?’. Hypothesis 2 of this study suggested that users utilizing two
senses will have a better sense of position of items on a web page. The time taken to
answer a question, was used as the indicator for measuring the user’s sense of position.

The results from blind participants for this hypothesis were not supported by the data.
The results suggested that use of a touch screen with audio feedback could not provide
implicit location or position of information as blind participants did not value the
importance of spatial awareness. The reason for this is not entirely clear, but it may well
result from the lack of importance of spatial awareness to the blind people. A few
participants commented during the experiments that spatial awareness was not
important and they preferred to receive the information in serial order. This is possibly
an effect of the user’s existing familiarity with or current knowledge of the screen
reader program. Moreover, an existing mental model can either increase or decrease a
user’s expectations of a system or technology [107, 163, 164].

Studies by Cattaneo and colleagues [76] and Afonso and colleagues [16] indicated that
visual experience seems important in order to update spatial information efficiently.
Although numerous studies have confirmed that congenitally blind people are able to
generate visuospatial images, their performance is lower as compared with sighted
controls [73]. Active visuospatial processes require continual modification and update
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of mental representation [73]. With the results from this study suggesting that blind
participants may have had prior knowledge of the screen reader program and may have
evaluated the multimodal interaction in the experiments based on prior experience, thus
skewing the results. This study also anticipated that the blind user’s mental models are
still novel and continue to modify and evolve as discussed in [90] to get workable
results. In addition, the reduction in confidence in blind participants when interacting
with the environment without any haptic cues on the screen might be another factor of
poor performance. The smooth glass screen that blind participants interact with lacks
landmarks and requires pure spatial memory to support effective navigation [85].

Alternatively, results for sighted blindfolded participants demonstrated that there are
significant differences in their sense of position when using a screen reader program and
when using a touch screen with audio feedback. Whilst using the touch screen with
audio feedback, sighted blindfolded participants were able to locate information
statistically faster compared with using the screen reader program. However, there was
no significant difference found for small region layout (Page 5). Some of the factors that
might affect results include familiarity with the task and the device used in the
experiments, as well as better mental strategies associated with male and/or young
participants [91].

The inconsistency between these two groups, the blind and sighted blindfolded
participants, could be attributed to several different factors. The main factor could be
attributed to the unfamiliarity of blind users with two-dimensional navigation. The role
of visual experience and the capacity to use visual imaginary strategies to cope with
demanding tasks when interacting with a multimodal system seem important as
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discussed previously (refer to subsection 6.4.2). The use of a touch screen with audio
feedback with gliding gesture requires rigorous coordination between horizontal and
vertical scrolling. However, not all of the blind users appreciated this approach, as they
felt that the spatial information or default information distribution on a web page was
not important. As the majority of the blind users had never used a touch screen device
with gliding gesture to access the Internet before, the mental model of a web page they
had was still in a serial order format. It is envisaged that the blind participants would
change their preferences if they were exposed to the touch screen device for longer.

Furthermore, blind participants were considerably slower at finding areas with specific
information, especially when values were involved. There has been consistent evidence
that blind people are able to construct and operate mental spatial imagery and pictorial
imagery, but perform more poorly compared to sighted people at demanding spatial
tasks, such as mental rotation and scanning [91, 92, 109]. Previous research on
representation explanations has emphasized that blind people and sighted people use
different spatial representation formats [165]. For example, the most extreme version of
the explanation proposed that the blind use ‘abstract semantic representations’ whereas
the sighted use ‘analogue visuospatial representations’ [165].

6.4.3 Mental Workload

The third research question of this study was ‘When using a touch screen with audio
feedback, is there any difference in terms of mental workload between blind and sighted
blindfolded participants?’. This study argues that users with a more accurate mental
model will have a lower mental workload while completing a task. The results from the
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independent sample T-test indicated that there is a significant difference in mental
demand between blind and sighted blindfolded participants, where blind participants
were reported to have lower mental demand, compared with sighted blindfolded
participants. Moreover, blind participants were found to be less stressed, compared with
sighted blindfolded participants, when completing the tasks using a touch screen with
audio feedback. In the field of user perception, this result is consistent with work by
Kildal and Brewster [58].

Given the literature in the field of mental models, results from this study were
unexpected. As hypothesized, users with a more accurate mental model will have lower
mental workload while completing a task. However, the results showed that sighted
blindfolded participants were better in terms of performance, compared with the blind
participants. An explanation of this finding could be the fact that sighted blindfolded
participants rated their perception in comparison to the interaction using a graphical
interface, while blind participants rated their perception in comparison to a screen
reader program that is possibly more demanding and stressful for blind users.

6.4.4 Spatial Ability Effects
The fourth research question of this study was ‘Is there a relationship between one’s
spatial ability and his or her performance when using a touch screen with audio
feedback?’. This study argues that blind participants with a high level of spatial ability
have more accurate orientation of a page and locate information faster when using a
touch screen with audio feedback. Statistical results demonstrated a positive correlation
between a user’s spatial ability and their time to locate information as predicted.
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However, an inconsistent correlation was found between a user’s spatial ability and the
percentage of correct diagrammatic representation. This may have been due to the fact
that constructing diagrammatic representation is more difficult compared with finding a
particular piece of information, especially when the blind participants were unfamiliar
with the idea of diagrammatic representation.

When observing a video recording of navigation strategy, it seemed that participants
who understood how the structure was semantically organized developed good
navigation strategies. This resulted in faster, and an increased number of, successful
searches. The diagram of the overall structure provides an indication of how subjects
seemed to develop navigation strategies. Participants who produced more detailed
drawings appeared to perform better in the tasks given. However, a participant’s
memory may be influenced not only by information visualization but also by differences
in individual ability and strategy.

Investigation using the Pearson product–moment correlation coefficient found that the
spatial ability of blind participants is an important determinant for web navigability
when using a touch screen with audio feedback. This finding is consistent with other
related work such as that by Noordzij and colleagues [166] and McGookin and
colleagues [86].

This study also found that there was no consistent result in the relationship between
blind people’s spatial ability and the correct overview of different experimental pages
(Table 5.30). The inconsistency of these findings might result from individuals with low
spatial abilities having difficulties in constructing, or not using, a visual mental model
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of the space, and being more directed to semantic content. Persons with impairment of
visuospatial abilities are often severely handicapped in terms of efficiency of
functioning in a practical, everyday sense. Another reason might be gender-related in
that women reported higher levels of spatial anxiety, which is negatively related to the
orientation way-finding strategy [73].

Noordzij and colleagues [166] highlighted that the type of mental processing, either
passive or active, might influence the construction of a spatial mental model. As
discussed in Chapter 3, passive processing refers to the maintenance and updating of
visuospatial information in memory, whereas active processing refers to image
generation and organization. In tasks requiring passive processing of mental
representations, such as constructing a diagrammatic representation, blind participants
performed well. However, it is difficult for blind participants to perform tasks requiring
active manipulation of visuospatial representations, especially when they are trying to
find specific information on the screen. This is consistent with findings by Vecchi [73]
and Noordzij and colleagues [166]. In an active visuospatial imagery task, blind
participants performed at a lower level compared with sighted blindfolded participants.
Therefore, to improve the navigation performance of blind people with low spatial
ability, special tools and strategies should be provided to assist their exploration of web
pages.

6.5 Guidelines

The evidence discussed previously in this thesis is genuine and confirmed that a user’s
mental model is incomplete, easily forgotten and not clearly defined. Users do not ‘run’
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a mental simulation of a system in order to infer the correct action, but opt for a trialand-error format. Even when they know more effective and efficient procedures, they
prefer to stick with well-established ones.

Although the user’s mental model elicited in this study is incomplete and incorrect, this
does not mean that users will ignore design models communicated through the computer
system. In this situation, users draw on their existing knowledge and experience to try to
find their own guiding principles. There is clear evidence in this thesis and other
empirical studies (Refer Section 3.6) that design model has some influence on a user’s
mental model. Therefore, formulating an appropriate guiding principle and
communicating it through the computer system must stand some chance of ‘getting
through’ to the user’s mental model. The result may not be the ideal user mental model
envisaged by the designer, because a user’s existing knowledge, other cognitive
processes or other factors may interfere with the construction process. But interacting
with a system which communicates and reinforces the correct model should help users
to get closer to that ideal compared to leaving them to find one using their own
knowledge and experience.

When designing new touch screen interfaces for blind people, it is important to consider
navigability of web pages so that they can be utilized not only by sighted users but also
by blind users. The recommendations in this section are based on the findings of this
study and the relevant review of the literature.

The most important factor when using a touch screen with audio feedback is ensuring
that blind users can browse web pages by touching the screen directly with one finger
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and then dragging the finger on the screen. Dragging the finger over an area will make
touch screen with audio feedback read the content on the screen. The essence of this
approach is to find the next element in a given direction. Preliminary experimentation
suggests that blind users indeed find the interface useful. It also suggests that directional
navigation with a touch interface has the potential to improve end-user experience in
web browsing by giving the user more control. However, training should be given
comprehensively [115] to blind users so that they can readily grasp the concept of
navigating web pages in two-dimensional perspectives.

Second, while observing the participants, this study found that a combination of
complex layouts and insufficient audio cues to guide exploration of different web
elements led the user to jump from one web element to another and, as a result, miss
subsequent interrelated web elements. Because of this, an overview of a web page is
difficult to gain. Therefore, fragmenting of interrelated web elements should be
considered, and means that some type of re-joining method must be employed. Previews
of fragmented areas should be clustered together to provide an overview and access
mechanism for each fragment, aiding memory and spatial awareness and supporting
information flow. The overview, therefore, encourages previewing of interrelated
information fragments and consequently may lower the time taken for a touch screen
with audio feedback user to become familiar with the page content and structure.

Third, navigation using gliding can be performed anywhere on the screen and requires
no memorization. Blind users do not need to take their finger off the screen but can
continue navigating by maintaining the pressure on the screen or changing the direction
of the gliding. Even users with mental mapping problems can navigate at leisure until
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they reach the desired information. Users with richer mental mapping abilities can
follow the shortest path to the desired information. However, to improve accuracy, we
would like to suggest that blind users should perform directional gliding gestures on the
screen systematically. An additional component was that more audio cues are needed to
inform extra information to facilitate exploration process. If a user points on non-textual
information, speech synthesis with tonal variations and simple sound effects should be
used to inform different web elements such as out of boundary, empty space and center
of the screen, as well as textual differentiation such as links or emphasis.

Fourth, to support accessibility of data tables by blind users, these users should be able
to interact with the original spatial layout of the information presented in the table,
because the user’s spatial understanding of the data is crucial. To support this, speech
output from the previous cell should be truncated immediately, to eliminate confusion.
In addition, the distance between data cells should be minimized and feedback for an
empty area of a web page should be provided. The nearest target from the empty area
should be sounded out with increasing volume towards the target to guide the blind user
to locate the target. From the experiments in this study, it was found that blind users
have difficulty acknowledging cell or region dividers. An audio sound should be
provided to differentiate different cells or regions which would enable blind users to
identify boundaries of cells and regions. All these efforts can preserve spatial layout and
reduce search space.
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6.6 Limitations and Suggestions for Future Studies

This study should be interpreted in view of research limitations. First, the use of small
sample size may limit our ability to generalize the findings. Therefore, future research
needs to consider a larger sample size. Moreover, the blind users who participated in
this study were mainly people aged 45 years and above. The sample used in this study
inadequately represents all blind users and cannot be generalized to all age groups.
Hence, it would be necessary to enlarge the sample population by including a more
representative sample consisting of various age categories in order to generalize the
results.

Another limitation of the study was that the training sessions were too short for the
participants to adequately familiarize themselves with the new gestures using the
VoiceOver program on the Apple iPad. An average of two hours’ use was not enough to
move beyond the novice usage stage. On the other hand, all blind participants were
familiar with the JAWS screen reader program and actively use this technology in their
daily life. For this reason, further research is required to replicate the study with longer
training sessions. Perhaps blind participants should be provided with the apparatus for
several days or weeks before the commencement of the experiment. Further
investigation of the tool’s long-term use in real work and daily life conditions will
provide further understanding.

This study is an initial step towards illustrating the building blocks of blind people’s
mental models of the Web using a touch screen with audio feedback. For future
research, it is suggested to explore other user groups’ mental models of the Web for
comparison with blind users. Understanding how different groups seek information
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from the Web and documenting the process they use will encourage interface designers
to take these advanced techniques into consideration. Recognizing how these groups
search for information has implications for the design of web pages and for the
continued research in the area of improving web navigation for the blind. Besides,
future research should explore the effects of users’ mental models on their information
search behaviors and performance. Finally, it is important to test on how to incorporate
findings about users’ mental models and cognitive behaviors into the design of assistive
tools for touch screen devices so that it will benefit the blind community.
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Recruitment Drive

A FRAMEWORK FOR DEVELOPING ACCESSIBLE AND USABLE
WEB CONTENTS TO ASSIST VISUALLY IMPAIRED USERS
Hello, my name is Ahmad Hisham Zainal Abidin. I am a PhD candidate at the School of
Information Technology, Murdoch University, Western Australia. I am working with Dr Hong
Xie and Associate Professor Dr Kevin Wong to investigate the blind people mental model using
touch screen display with audio feedback, using experimental method.
You are invited to participate in the experiment. If you decide to participate in this study, you
will be asked to complete several tasks using screen reader only and touch screen display with
audio feedback to explore several experimental pages. To represent late blind people, you are
required to be blindfolded for the duration of the experiment. The experiment will last for
about one and a half hours. We will also ask you to complete a brief profile survey. The survey
will ask about your age, level of education, your computer experience and your visual ability.
We will video record your hand movements during the experiment. The video recording will be
kept strictly confidential. Your participation in this research is entirely voluntary and you may
withdraw your consent to participate in this research at any time. If you decide to withdraw,
any materials that we gathered from you will be destroyed.
If you are willing to consent your participation in this study, please provide your contact details
by sending an email to 30850021@student.murdoch.edu.au. You can suggest your suitable
day and time for the experiment. If you have any questions about this project, feel free to
contact either myself, Ahmad Hisham on mobile +614 2101 7080 or by email
30850021@student.murdoch.edu.au, or my supervisor, Dr Hong Xie, on phone +618 9360
6087.
I look forward to your participation.
Best regards,
Signature
This study has been approved by the Murdoch University Human Research Ethics Committee
(Approval 2010/140). If you have any reservation or complaint about the ethical conduct of
this research, and wish to talk with an independent person, you may contact Murdoch
University’s Research Ethics Office (+61 8 9360 6677) or e-mail ethics@murdoch.edu.au). Any
issues you raise will be treated in confidence and investigated fully, and you will be informed
of the outcome.
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Experimental Procedures
Hello, my name is Ahmad Hisham Zainal Abidin. I am a PhD candidate at the School of
Information Technology, Murdoch University, Western Australia. I am working with Dr
Hong Xie and Associate Professor Dr Kevin Wong to investigate the user’s mental
model using touch screen display with audio feedback, using experimental method.
Your opinions and the time you spent today will assist us in understanding the
multimodalities interaction for non-visual access.

We are investigating how a blind person forms a mental model of a web page when he
or she accesses the page using a web browser that can be controlled via a touch screen
with audio feedback and using a screen reader program. Audio feedback via touching
here means that any touched information will be read out to the user.

In the experiment, you will be asked to complete several tasks using the touch screen
device and screen reader program provided.

The experiment will last for approximately one and a half hours. You will be trained
on how to use the touch screen device prior to the experiment.

Your participation in this research is entirely voluntary and you may withdraw your
consent to participate in this research at any time. If you decide to withdraw, any
material that we have gathered from you will be destroyed. However, withdrawal is no
longer possible once the data are anonymised and collated.

During the training session, you can ask any questions that come to mind, but due to the
nature of this study, we may not be able to answer any question relating to the tasks
assigned during the experiments, as it may compromise the results. However, after the
experiments we will be happy to answer any remaining questions that you may have.

Please note that your interactions and your hand move will be video record. The
video recording will be kept strictly confidential. All information given during the
survey is highly confidential, and no names and other information that might identify
individuals will be obtained.
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Each task has a time limit, and I may move you from task to task promptly.

We will also ask you to complete a brief profile survey. The survey will ask about your
age, level of education, your computer experience and your visual ability.

Once the data analysis of this study is completed, any significant findings will be
published through conference and journal papers in this area. Feedbacks and research
outcomes will be distributed to all participants via website dedicated for this study. The
web address is http://www.accessibility.website.org. The website will follow the Web
Content Accessibility Guidelines to be accessible by the popular assistive technologies.

Please give your consent before you proceed.

Now, before you start the tasks, please familiarize yourself with the experiment by
accessing Training Pages1 and 2.

1. Explore Training PAGE1.
2. What is the shape at the first column and forth row?
3. Explore Training PAGE2.
4. What is the price for a kilo of banana?

Conduct experiments using Page 1.Using the JAWS screen reader, you can now start
exploring Page 1.

1. Construct the layout for PAGE1 using blocks (still blindfolded) and
describe the layout. You should use suitable block according to the shape.
2. Now you can use the screen reader again. What is the shape at the second
column and second row?

You can now start exploring Page 2.
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1. Construct the layout for PAGE2 using blocks (still blindfolded) and
describe the layout. You should use rough surfaced blocks to represent
HEADINGS and smooth surfaced blocks to represent DATA cell.
2. You can use the screen reader again. What is the rate for Lower Tier on 10
May?

You can now start exploring Page 3.

1. Construct the layout for PAGE3 using blocks (still blindfolded) and
describe the layout. You should use rough surfaced blocks to represent
HEADINGS and smooth surfaced blocks to represent DATA cell.
2. You can use the screen reader again. Which level of study has more
international students, undergraduate or postgraduate?

You can now start exploring Page 4.

1. Construct the layout for PAGE4 using blocks (still blindfolded) and
describe the layout. You should use rough surfaced blocks to represent
HEADINGS and smooth surfaced blocks to represent DATA cell.
2. Now you can use the screen reader again. What are the 4 major causes of
vision loss?

You can now start exploring Page 5.

1. Construct the layout for PAGE5 using blocks (still blindfolded) and
describe the layout. You should use suitable block according to the shape.
2. Now you can use the screen reader again. What is the shape at the first
column and second row?

You can now start exploring Page 6.
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1. Construct the layout for PAGE6 using blocks (still blindfolded) and
describe the layout. You should use rough surfaced blocks to represent
HEADINGS and smooth surfaced blocks to represent DATA cell.
2. Now you can use the screen reader again. In the sport section, who is ready
to lead Argentina football team?

Now we are going to test your spatial ability using form board. The form board consists
of a flat puzzle board into which differently-shaped blocks can be placed.

You will be blindfolded from now.

First, you must place the blocks in the board using the dominant hand.

Next, repeat the same task using the other hand.

Finally, repeat the same task using both hands.

Now, before you start the tasks, please familiarize yourself with the touch screen
display by accessing Training Pages1 and 2.

1. Explore Training PAGE1.
2. What is the shape at the second column and third row?
3. Explore Training PAGE2.
4. What is the price for a kilo of longan?
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Conduct experiments using Page 1.Using the touch screen with audio feedback, you can
now start exploring Page 1.

1. Construct the layout for PAGE1 using blocks (still blindfolded) and
describe the layout. You should use suitable block according to the shape.
2. Now you can use the touch screen. What is the shape at the third column
and second row?

You can now start exploring Page 2.
1. Construct the layout for PAGE2 using blocks (still blindfolded) and
describe the layout. You should use rough surfaced blocks to represent
HEADINGS and smooth surfaced blocks to represent DATA cell.
2. You can use the touch screen. What is the Season rate for Lower Tier?

You can now start exploring Page 3.

1. Construct the layout for PAGE3 using blocks (still blindfolded) and
describe the layout. You should use rough surfaced blocks to represent
HEADINGS and smooth surfaced blocks to represent DATA cell.
2. You can use the touch screen. In what year was University of Malaya Kuala
Lumpur established?

You can now start exploring Page 4.

1. Construct the layout for PAGE4 using blocks (still blindfolded) and
describe the layout. You should use rough surfaced blocks to represent
HEADINGS and smooth surfaced blocks to represent DATA cell.
2. Now you can use the touch screen again. How many Australian people are
blind or visually impaired?

188

You can now start exploring Page 5.

1. Construct the layout for PAGE5 using blocks (still blindfolded). You should
use suitable block according to the shape.
2. Now you can use the touch screen again. What is the shape at the second
column and forth row?

You can now start exploring Page 6.

1. Construct the layout for PAGE6 using blocks (still blindfolded) and
describe the layout. You should use rough surfaced blocks to represent
HEADINGS and smooth surfaced blocks to represent DATA cell.
2. You can use the touch screen. How many years will the former NY student
be imprisoned for aiding al Qaeda?

(You can unfold now)

Please fill out the Survey Form.
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TACTUAL PERFORMANCE TEST (TPT)

In front of you on the table is a board. On the face of the board are holes of various
shapes and sizes, and here in front of you on the right are blocks of various shapes
and sizes. You are to fit the blocks into the spaces on the board. There is a place for
each block and a block for each opening.
Now I want you to do your best using only your dominant hand. You may begin
whenever you are ready.
Now I want you to do the test again, and this time you are to use only your
nondominant hand. Begin whenever you are ready.
This time you may use both hands for the test.
Please remove the blindfold.

Trial

Hand

Circle

Time

1

Dominant

R

L

2

Nondominant

R

L

3

Both

Total Time
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User Profile Survey Questions
1.

Age:

2.

Gender:
a.
Male
b.
Female

3.

My employment status is:
a.
Full-time
b.
Part-time
c.
Casual
d.
Unemployed/Retired/Student

4.

The history of my vision can be described as:
a.
Congenitally blind
b.
Early blind (before 6 years old)
c.
Late blind since ____ years old

5.

My vision can be described as:
a.
No vision
b.
Peripheral vision impairment
c.
Central vision impairment
d.
Night vision impairment
e.
Distance vision impairment
f.
Near vision impairment

6.

My highest education level:
a.
Primary education
b.
Secondary education
c.
Certification
d.
Diploma/Advance Diploma
e.
Undergraduate
f.
Postgraduate

7.

I am familiar with the following personal computing products:
a.
Microsoft Windows
b.
Macintosh Operating System (MAC OS)
c.
Unix-based Operating System
d.
Have No experience
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8.

I am familiar with the following input devices:
a.
Keyboard
b.
Mouse
c.
Joystick
d.
Touch screen
e.
Other _______________
f.
None

9.

If your answer to previous question was YES, how long you have been using the
device?
a.
Keyboard for
b.
Mouse for
c.
Joystick for
d.
Touch screen for
e.
Other _______________

10.

I am familiar with the following assistive technology products:
a.
Screen magnification software
b.
Text-to-speech software
c.
Braille
d.
Other ______________
e.
None

11.

If your answer to previous question was YES, how long you have been using the
technology?
a.
Screen magnification software for
b.
Text-to-speech software for
c.
Braille for
d.
Other ______________

12

My overall knowledge of personal computing can be best described as:
a.
None
b.
Poor
c.
Fair
d.
Good
e.
Expert

13.

How many hours a day do you use computers?
a.
less than 1 hour
b.
1 – 5 hours
c.
6 – 9 hours
d.
more than 9 hours
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14.

What do you do when you use the Internet?
a.
Searching for information
b.
Gaming
c.
Chatting and social networking
d.
Email
e.
Others : _______

15.

My overall knowledge of assistive technology products can be best described
as:
a.
None
b.
Poor
c.
Fair
d.
Good
e.
Expert

16.

My ability to use personal computer can be best described as:
a.
None
b.
Poor
c.
Fair
d.
Good
e.
Expert

17.

My ability to use assistive technology can be best described as:
a.
None
b.
Poor
c.
Fair
d.
Good
e.
Expert

18.

My understanding of the Internet can be best described as:
a.
None
b.
Poor
c.
Fair
d.
Good
e.
Expert

19.

My ability to use the Internet can be best described as:
a.
None
b.
Poor
c.
Fair
d.
Good
e.
Expert

195

20.

How many hours a day do you use the Internet?
a.
less than 1 hour
b.
1 – 5 hours
c.
6 – 9 hours
d.
more than 9 hours
e.
I do not access the Internet at all

21.

My attitude towards embracing computing technologies can be best described
as:
a.
I am constantly using the latest computing technologies
b.
I generally seek advice or see how the market responds before
embracing new computing technology
c.
I only embrace new computing technology when it is absolutely
necessary
d.
I do not use computing technology at all

22.

How mentally demanding were the tasks when using touch screen with audio
feedback?
a.
Very low
b.
Low
c.
Fair
d.
High
e.
Very high

23.

How physically demanding were the tasks when using touch screen with audio
feedback?
a.
Very low
b.
Low
c.
Fair
d.
High
e.
Very high

24.

How hurried or rushed were the pace of the tasks when using touch screen
with audio feedback?
a.
Very low
b.
Low
c.
Fair
d.
High
e.
Very high

25.

How successful were you in accomplishing what you were asked to do?
a.
Very low
b.
Low
c.
Fair
d.
High
e.
Very high
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26.

How hard did you have to work to accomplish your level of performance?
a.
Very low
b.
Low
c.
Fair
d.
High
e.
Very high

27.

How insecure, discouraged, irritated, stressed, and annoyed were you?
a.
Very low
b.
Low
c.
Fair
d.
High
e.
Very high
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