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Abstract

Assistive technology (AT) can help students with visual impairments to achieve their study
goals but use of AT in Saudi universities is lower than expected. This study investigated
barriers that hinder the acceptance of assistive technology by Saudi students with visual

impairments, and it provides recommendations for improving acceptance.

The study used a formal model of technology acceptance based on the Unified Theory of
Acceptance and Use of Technology (UTAUT), extended to incorporate factors that have
previously been found to influence acceptance of AT. Saudi university students with visual
impairment were surveyed about their view of acceptance determinants, and the survey data
was analysed using Structural Equational Modelling (SEM) with the Partial Least Squares
(PLS) technique. The results showed that the factors influencing technology acceptance in

this context differed from those previously found to influence acceptance in other contexts.

Follow-up interviews were conducted with both AT users and AT support workers to seek
explanations for the differences. Interviewees identified a number of context-specific factors
as potential explanations for the survey findings, including the importance of AT for visually
impaired users, limited awareness of visual disability and AT, and psychological sensitivity

of disabled users in Saudi culture.

This research contributes to three areas:

e It has contributed to technology acceptance modelling by extending the UTAUT

model so that it specifically addresses assistive technology



e It has contributed to technology acceptance studies by evaluating the extended
model in a real-world context.
e Ithascontributed to the Saudi educational system by investigating factors that shape

acceptance of AT by visually disabled Saudi university students

An important outcome of this study is a set of suggestions and recommendations for
overcoming barriers that limit the acceptance of assistive techniques by Saudi students with
visual disabilities, thus increasing acceptance and adoption of these technologies and helping
the students to improve their abilities and achieve equality with other students. The research
will also increase awareness among the other citizens of Saudi Arabia and help them
understand the need for assistive technology for impaired students. Finally, the Government
of Saudi Arabia and education administrators can use the suggestions to provide information

for initiating schemes to help visually impaired students in colleges and universities.

Although this study is specifically focused on studying the factors affecting the acceptance
and adoption of assistive technologies by students with visual disabilities in Saudi
universities, it is likely that outcomes from the study will have applicability beyond that
scope. For example, findings about factors that affect assistive technology use for Saudi
university students may well apply to students at other levels in the Saudi education system,
and findings that apply in Saudi Arabia are likely to apply in other countries with similar
culture and circumstances, such as other Arabic Countries, other Islamic countries, or even
other developing countries. Finally, it is likely that recommendations for Saudi government
and administrators in relation to access to assistive technology in universities will also

facilitate access to other technologies and in other contexts.
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Chapter 1 : Introduction

1.1 Introduction

People who have visual disabilities are likely to experience communication difficulties that
may exclude them from social services, health, or education, and from participation in
society, their community or even their family. For students, this exclusion can have long
lasting and dire consequences because it may affect opportunities likely to come in their

future (Al Wadaani et al., 2013).

Students with visual impairments deal with many problems in their educational settings. All
students need access to the information and texts provided in their study areas and need to be
able to participate in class activities. Assistive technology devices are one of the ways
through which visually impaired students can be helped to get greater benefit from their
studies. This will enable them to participate more fully in society, which will in turn enable

them to contribute to the community and their family.

1.2 Background of the Study

As a result of continued globalization, many countries have increased their use of new
technologies in order to match the pace of the advancing world. In the case of Saudi Arabia
the government has recently adopted Saudi Vision 2030 whose goal is digital transformation

of many aspects of society, including the education system (Saudi Vision 2030, 2018).



According to the World Health Organization (2017), there are more than 1 billion individuals
who need to use assistive technology around the world, and this number is estimated to reach
2 billion by 2030. In 2017 there were around 32.5 million Saudis, of which around 1.5 million
had a disability, with close to half of these being visually impaired (GaStat, 2017). Following
the establishment of the Al-Noor Institute for the Blind in 1960, special education services
became available throughout the kingdom (Hersh & Johnson, 2008) and several Saudi

universities now provide specialized disability support units.

Assistive technology (AT) can be broadly defined as “any item, piece of equipment, or
product system, whether acquired commercially, modified, or customized, that is used to
increase, maintain, or improve the functional capabilities of individuals with disabilities”
(U.S Government, 1998) . The focus of this thesis is IT-based AT, where the technology

takes the form of an electronic device or computer software.

With the widespread use of mobile phone and other electronic devices, 1T-based assistive
technologies are potentially available to most students. Nevertheless, such assistive
technologies do not appear to be widely used by Saudi university students, which suggests
that there may be barriers to adoption. This thesis describes research whose focus is on
identifying factors that influence adoption of assistive technology by visually disabled Saudi
university students, with a view to overcoming barriers that are currently limiting use of the

technology.



1.3 The Study Problem and Significance

According to (Kentab et al., 2015) the World Health Organization (WHO) estimated in 2010
that about 4% of the global population (amounting to around 285 million people) were
visually impaired, with 90% living in developing countries. WHO (2017) defines visual
disability as a limitation in the ability to see which cannot be fixed by the usual means such
as glasses. WHO characterises visual disability in four levels: visual acuity between 6/12 and
6/18 is defined as mild visual impairment; visual acuity between 6/18 and 6/60 is defined as
moderate visual impairment; visual acuity between 6/60 and 3/60 is defined as severe visual
impairment; and visual acuity worse than 3/60 is defined as blindness. In these definitions,
visual acuity is expressed as a fraction that compares an individual’s visual ability with that
of someone with normal vision. For example an individual who have 6/60 vision would need
to be at 6 metres distance to be able to see what an individual with normal vision could see

at 60 meters.

The size of the problem is growing; in 2015 estimates of the prevalence of visual impairment
had increased to 6% (Bourne et al., 2017), comprising 2.6% with moderate visual

impairment, 2.9% with severe visual impairment, and 0.5% who were blind.

A comprehensive disability survey conducted in 2017 under the auspices of the General
Authority for Statistics of the Saudi government GaStat (2017) showed that 7.1% of the Saudi
population (nearly 1.5 million out of a total population of just over 20 million) experienced
one or more difficulties due to disability, and that difficulty with seeing was the most

common problem, either alone or in conjunction with others. Overall, the rate of visual



disability was 4.0%, with 2.8% experiencing mild difficulties and 1.2% experiencing severe

or extreme difficulties.

Although the GaStat survey did not specifically identify university students, it does provide
data about the proportion of the disabled Saudi population who hold university degrees or
higher (11%), and about the proportion who are currently enrolled as students at all levels
(5.6%). If the rate of visual disability in the various cohorts was similar to the rate in the
disabled population as a whole, then in 2017 there were around 90 thousand visually disabled
Saudis with a university degree or higher, and around 45 thousand visually disabled Saudi
students. According to GaStat (2017), one of the most important factors that impede

education of individuals is disability (19.6% for male and 19.4% for female).

The use of assistive technology (AT) can help overcome difficulties caused by disability. For
visually disabled students, the provision of appropriate assistive technologies is one of the
most important necessities in order to help them to obtain the quality of education available
to students without disabilities. These benefits of AT for disabled students have been
recognised in legislation. For example the U.S Government (1998) identifies improvement
in academic achievement as one of the main objectives of the use of assistive technologies.
Moreover, the Individuals with Disabilities Education Act (IDEA) by U.S Government
(2004) affirms the right of students with disabilities to have the right technology to help them

obtain an education.

Although the expected benefit of using AT for students with disabilities is high, a study by
Alquraini (2012) found that the rate of acceptance of the technology by students in Saudi

Arabia is poor and its use in the academic context is still low. Poudel (2014) believes that



this low adoption rate is due to several factors related to the psychological, social and
environmental aspects of students with disabilities such as user self-confidence and
motivation; user awareness, training, and skills; the stigma attached to disability; self-
perceptions; teacher support; and the differences in the learning environments between

school and college.

This study is based on detailed research about the acceptance of assistive technology by
visually impaired Saudi students. By using a formal model of technology acceptance, the
study explores the factors that are responsible for slowing down the acceptance process. The
study findings may help Saudi universities in providing an environment conducive to the
acceptance of the use of AT in education, and it may help government and university
authorities to implement changes to the education system that will foster the use of such
technologies for people with visual disabilities. These changes will help support digital
transformation, which is one of the Saudi government's most important initiatives in Saudi
Vision 2030. A detailed explanation of the relationship between this research and Saudi

Vision 2030 appears in Section 2.3.

1.4 Research Gap
Many studies, such as those by Woodward and Rieth (1997) and Bender (2001), have shown
that the use of AT by students with disabilities helps to improve study outcomes, although

most predate recent technology developments such as the widespread use of mobile devices.

Previous studies have investigated various aspects of the barriers and factors that prevent the

acceptance and the effective use of AT:



e AT characteristics (Orellano-Colén et al., 2016), (Borg & Ostergren, 2015)
e policies relating to the use of AT (Borg & Ostergren, 2015), (Orellano-Colén et al.,
2016), (Hughes et al., 2014)
e organizational administration and structure (Orellano-Coldn et al., 2016), (Ahmad,
2015), (Alves et al., 2009) (Hughes et al., 2014)
e people who are in contact with disabled students, including teachers, specialists, and
administrative staff (Borg & Ostergren, 2015), (Ahmad, 2015), (Hughes et al., 2014),
(Abner & Lahm, 2002), Constantinescu (2015), (Borg & Ostergren, 2015), (Burgos,
2015).
This study arises from the realization that disabled students themselves are a very important
determiner in deciding whether or not they will accept assistive technologies. There are few
studies that have investigated engaging students in the decision-making process in designing
and applying AT in the educational context. Moreover, little has been done to investigate
barriers to AT acceptance that relate to the personal characteristics and abilities of disabled
students, and none is known to have focused on Saudi Arabia. The Saudi context differs from
that in many other countries because of differences of culture and customs, and because of
the importance of family and community attitudes towards disability. Understanding the
effect of these differences is necessary in order to identify factors that may affect the process
of acceptance of AT for people with visual disabilities in Saudi universities. Because of these
differences, existing research sheds little light on causes for rejection of AT in the Saudi
context and offers few pointers for potential interventions to increase the uptake of assistive

technology devices.



This study is the first to investigate the specific barriers and obstacles that hinder the
acceptance by visually impaired Saudi university students of assistive technology in the
learning environment, and it provides recommendations and solutions to overcome the

obstacles to technology acceptance.

1.5 Research Aims and Objectives

This study has 3 key aims:

e To determine the factors shaping attitudes towards the adoption and acceptance of
assistive technologies for visually impaired students in Saudi universities

e Todevelop and implement a model for acceptance of assistive technology by visually
impaired students in Saudi universities, and a set of instruments to test the effect and
context of model factors.

e To seek explanations for the low acceptance of assistive technology by visually
impaired students in Saudi universities and formulate strategies for improving

acceptance.

A main outcome of this study is a set of suggestions and recommendations for overcoming
the barriers that limit the process of acceptance of assistive techniques by Saudi students with
visual disabilities. This increase will acceptance and adoption of these technologies and help
students to improve their abilities and achieve equality with other students. The research will
also increase awareness among the other citizens of Saudi Arabia and help them understand

the need for assistive technology for impaired students. Finally, the Government of Saudi



Arabia and education administrators can use the suggestions to provide them information for

initiating schemes to help visually impaired students in colleges and universities.

1.6 Research Questions
To identify, understand, and study the factors that influence the acceptance and use of
assistive technologies by visually impaired students in Saudi universities, the following
questions have been formulated:
Q1: What are the factors shaping attitudes towards the adoption and acceptance of
assistive technologies for vision impaired students in Saudi universities?
Q2: How well do current technology acceptance models account for acceptance of
AT by vision impaired students in Saudi universities?
Q3: How can the acceptance of assistive technology for visually impaired students in

Saudi universities be improved?

1.7 Methodology of the Research

Both quantitative and qualitative methods were used in the conduct of this research. A survey
was used in order to gather quantitative data because a survey is considered to be one of the
most suitable methods for gathering numerical information on a specific topic (Creswell,
2012). The survey assessed the attitudes and opinions of Saudi university students with
visual impairments about assistive technology. Participants were drawn from students
registered as having visual disabilities in Saudi universities with disability support units.
Semi-structured interviews were used to gather qualitative data because interviews allowed

participants scope to express their point of view. Interviews were conducted with both



assistive technology users (visually disabled students in Saudi universities) and disability
support workers (staff who work in the disability units of Saudi universities and who have
experience in working with visually disabled students), to seek explanations about the survey

results in order to give a clearer picture and deeper understanding of the findings.

1.8 Thesis Structure

The thesis is structured as follows:

Chapter 1 gives a brief initial picture of the entire research. It presents the sequence in which
the research was conducted, and the procedures followed at each step of the research. It
includes the research problem, the research questions, the research aims and objectives, the

research methods, the research scope, and the thesis structure.

Chapter 2 provides a research background in the field of this study, organized into two
sections. The first section includes some definitions of the term assistive technology (AT)
in addition to describing some of these technologies for people with visual disabilities. It also
provides a general overview of the adoption and acceptance of AT and some of the barriers
that prevent acceptance. The second section presents an overview of the context of this study,
including a review of the history of education for visually impaired students in Saudi Arabia,
along with some statistics information about the study's target audience and information

about the actual use of assistive technologies in Saudi universities.

Chapter 3 examines the previous literature in the field of the study. First, it reviews several
previous studies related to the importance and benefits of using assistive technologies in the

field of education, as well as some of the barriers facing educational organizations in the use



of assistive technologies. Second, it examines some widely used technology acceptance
models in and identifies the Unified Theory of Acceptance and Use of Technology (UTAUT)

as the most appropriate model for the context of this study.

Chapter 4 discusses the conceptual model of this study. It begins by presenting the basic
UTAUT model, and then discusses the expansion of this model by integrating the factors that
are expected to influence the acceptance of assistive technology in the study's context, as

described in the literature review. Finally, it presents the hypotheses of the study.

Chapter 5 presents the study’s research methodology, including the research paradigm,
research design and approach, methods of data collection, validation, and ethical
considerations. The chapter explains the mixed methods approach used in the research and

addresses both the quantitative and qualitative methods that were used.

Chapter 6 presents the quantitative study results, including demographic information for
participants, validity and reliability of the results, and an assessment of acceptance model fit
and its implications on the research hypotheses. Data collected through an online survey was
analysed using a variety of quantitative procedures and tools in three steps: preparing the data
to enable analysis; measuring the reliability and the validity of the data, and checking and
discussing the results and the hypotheses of the thesis. The quantitative study found that some
UTAUT model factors were significant in affecting acceptance of assistive technology for

the target audience, but that others were not significant.

Chapter 7 presents the qualitative study results. The qualitative study was conducted to

supplement the quantitative results and to obtain deeper insight and explanations to explain
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the unexpected results obtained from the quantitative study. Semi-structured interviews were
conducted with both visually impaired students in Saudi universities, and individuals who
work in the disability support units of Saudi universities and who have experience in dealing
with visually disabled students. The qualitative results showed additional factors such as the
importance and the need for assistive technology for the visually impaired students, the lack
of Saudi community awareness about the needs of assistive technology users or the potential
benefits of the technology, the psychologically sensitive situation of those students, and lack

of support for the use of the technology in some Saudi universities.

Chapter 8 contains a discussion of the results of both quantitative and qualitative studies to
provide a clear and detailed picture of the findings. The chapter discusses themes that
emerged from the qualitative study and that explain the quantitative results more deeply. The
themes are related to specific details of the context of the technology under consideration:
assistive technology (specifically as it applies to visually disabled users); Saudi culture; or
the university environment in Saudi Arabia. An overview of previous studies in the field of
technology acceptance shows that context dependency is common in technology acceptance
studies, which suggest that technology acceptance models should acknowledge contextual

influences.

Chapter 9 concludes the thesis and includes a summary of the study outcomes, contributions,
limitations, and recommendations for future research. It presents an overview of the study
including what has been done in relation to achieving the study goals, and it shows the
contributions of the study in both practical and theoretical fields. Finally, the chapter presents

study recommendations, limitations, and suggestions for future research.
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Chapter 2 : Research Background

2.1 Overview of Assistive Technologies

2.1.1 Range of Assistive Technologies

According to the definition found by U.S Government (1998), an assistive technology (AT)
device is “any item, piece of equipment, or product system, whether acquired commercially,
modified, or customized, that is used to increase, maintain, or improve the functional
capabilities of individuals with disabilities”. Furthermore, the Act describes assistive
technology services as “any services that directly assist an individual with a disability in the
selection, acquisition, or use of an assistive technology device”. Assistive technology
services specifically include financing, accessing, repairing, and maintaining of AT, together
with promoting the adoption of devices and providing their users with training and
technological knowhow to operate them safely. In addition to the Act’s descriptions,
Forgrave (2002) and Rose (2000) specify AT as hardware and software technological devices
that are specifically designed and manufactured for the aid of people to address physically

disabling barriers.

According to Watson and Johnston (2007), assistive technologies can be categorized as either
high-tech or low-tech. High-tech aids are described as being more complex and require
specialist training since they may include complicated features such as word predictive
software and voice recognition software. Low-tech aids are simpler to use and require

minimal training.
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Assistive technologies offer an opportunity for the disabled to improve their quality of life
and in some cases assert their independence by being able to perform tasks that would be
impossible to accomplish without the intervention of technology. LaPlante (1992) suggests
that assistive technological devices provide additional means for the disabled person to
perform actions, tasks and activities. Shuster (2002) adds that these technologies will aid
people living with disabilities to maximize their potential by making it possible for them to

set and reach personal educational targets.

Information Technology (IT)-based assistive technology is computer hardware and software,
including devices such as screen readers and voice recognition aids, which enable access to
computers by users with visual, hearing, learning or physical impairment, and which could

increase the achievement, participation and independence of those users.

2.1.2 Some Examples of IT-Based AT

Research in the field of assistive technologies for individuals with vision disabilities has led
to the development of non-visual sensory methods to interact with computers such as the use
of touch, speech recognition tools, screen readers, and Braille printers and displays. These
features reduce reliance on visual interaction (Hakobyan et al., 2013; Kim et al., 2016). There
are many examples of assistive technologies in use today by people with visual impairments.
Some widely used assistive technologies that offer opportunities for users to overcome the

barriers that their disabilities place in their path are described below.

The first and most important kind of visually impaired assistive technologies in current use
are smartphone based assistive technologies. Rapid advances in technology have seen

smartphones become necessities of life today. They support easy access and they can be used
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anytime, anywhere. According to Hakobyan et al. (2013), smartphones have a range of
features that serve people with visual impairments, which explains the growing use of these
phones by people with disabilities in their daily lives. Additionally, smartphones offer many
services to the visually impaired user so that they can use those services for their daily tasks
without the need for help from others. Smartphones that support non-visible input and output
have enhanced use by visually impaired people in dealing with their surroundings and in
accessing large amounts of information. Kim et al. (2016) confirm that the development of
assistive technologies for people with visual impairments is being focused on mobile devices.
They state that screen readers are important assistive technologies available on smartphones.
Their availability has led to a sharp rise in the use and accessibility of smartphones by visually

impaired people.

The second example of assistive technology for the visually impaired is Braille Sense. The
Braille Sense device can be considered to be a special laptop combining a screen reader with
braille displays to allow visually impaired users to use both braille and speech when
accessing web pages and digital material (Tatomir & Durrance, 2010). This helps visually
impaired users to access materials they want to read. According to Tatomir and Durrance
(2010), Braille Sense is a common assistive technology for visually impaired individuals.
Furthermore, Braille Sense can help visually impaired students to read and modify documents
on a PC without the need for a braille printer and, because of its small size, a student can use

it at school as well as at home (Abubakar et al., 2013).

Screen readers are a widely used IT-based assistive technology for visually impaired

individuals. Text-to-speech (TTS) or screen readers, including JAWS, BookWise (Elkind et
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al., 1993) and Kurzweil 3000 (Laga et al., 2006) are devices that read aloud text appearing
on a computer screen, such as documents, scroll-down menus, icons, dialog boxes, and web
pages. Research conducted by Elkind et al. (1996) highlighted that adult users of TTS system
readers achieved enhanced reading abilities, but this was conditional upon the severity of the
disabled user’s condition. Meanwhile research conducted by Farmer et al. (1992) into the use
of TTS by teenagers with severe literacy disabilities found insignificant improvements

resulting from the use of the system.

The use of assistive technology in Saudi universities is still it its beginning stages, with
current use primarily focussed on well-established technologies such as those described
above. Although emerging technologies such as artificial intelligence (Al), robotics, and
virtual reality (VR) offer promise for assisting disabled users, they are not widely used in this

context in Saudi Arabia and therefore fall outside the scope of this research.

In summary, research has shown that there are many types of assistive technologies for
people with visual disabilities, with different characteristics for each type to suit the needs of
users. It has been shown that assistive technologies can help visually impaired people
overcome barriers to accessing information, thereby providing them access to more widely

available information and services.

2.2 Adoption of Assistive Technology
The innovation-decision process put forward by Rogers (2003) identifies the steps an
individual undertakes when deciding whether to adopt an innovation: knowledge, persuasion,

decision, implementation, and confirmation. The process begins at the knowledge stage
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where a person becomes acquainted with the technology. Later, the person progresses into
the persuasion stage, which goes beyond simple awareness of the technology into evaluating
its potential benefits. At the decision stage, the potential user decides whether to choose or
reject the adoption of the technology. During the implementation stage, the device is
incorporated into the user’s daily routine. For example, during an assistive technology study
conducted by Dawe (2006), parents reconfigured a memo-recording instrument as a
communication aid for a non-verbal teenager with autism. The final phase is the confirmation
stage where the person embraces using the technological device to its maximum potential, as

applicable to their needs.

Rogers (1995) asserts that technologies must exhibit an obvious advantage over alternative
options for them to be embraced. An adopted technological device ought to be compatible

with the user’s lifestyle and habits.

Despite their potential benefits, research has identified factors that hinder the adoption of
assistive technologies. For example, Parette and VVanBiervliet (2000) found that parents often
are concerned that assistive devices will not overcome their children’s disability or that they
make their child look too different or even more handicapped than they really are. Several
studies, such as those by Demiris et al. (2005) and Rahimpour et al. (2008), highlight the
requirement for specific training to promote the adoption of assistive technologies. While
some people with disabilities are uninterested in assistive technologies, others remain
ignorant to the benefits and opportunities such devices can provide. Down and Stead (2007)
state that there is inadequate awareness of how assistive technologies can provide an

opportunity for independent living. Magnusson et al. (2004) are of the opinion that a barrier
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to the use of ICT services by older people results from the challenges involved in training
them to use IT, stemming from problems relating to the effects of ageing and the difficulties

older people experience with information retrieval and learning.

2.2.1 Barriers To the Use and Adoption of Assistive Technology

Davis et al. (1992) claim that attitudes regarding the usage of, and the intent to use, assistive
technologies can be inadequately formed, or the user can lack dedication in becoming
proficient in the device’s technology. Consequently, negative attitudes or a lack of
enthusiasm about them can influence their actual usage. For example, while an assistive
technology device is regarded as essential in providing a user with the means to achieve
independence, a disabled user may hold a negative attitude towards the device because of
their dependence upon it (Pettersson et al., 2007). Additionally, cultural baggage or stigmas,
depending on the specific disability, also shape the disabled user’s attitudes towards using

technological aids (Cory, 2005; McDermott, 1993).

Sufferers of congenital disabilities typically embrace assistive technology without resistance
to a greater degree than people who acquire disabilities as they readily acknowledge the
device’s potential to enhance their physical abilities. People with acquired disabilities, on the
other hand, regard assistive technology devices as an unpleasant reminder of what they have
lost or what they can no longer do independently (Scherer & Galvin, 1996). The target users
for these new technological devices typically develop an attitude towards using them prior to

receiving them, which also shapes their motivation to learn the technology required.
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IT based devices can be complicated and often require perseverance on the part of the user
to fully appreciate their potential, so the level of enthusiasm displayed by the user will be

reflected in the device’s successful adoption.

Dawe (2006) points out that assistive technology adoption research often considers a broad
range of users from a variety of disabilities covering restricted mobility through to sensory
and cognitive impairment. Adoption of AT devices requires a group effort involving the
disabled person themselves, their caregivers, including family and guardians, as well as their

broader community, the AT’s technicians, and design and development staff.

Courtney (2006) points to privacy being a potential restriction to the adoption of assistance
technology for older adults but points out that the necessity for the device can override
concerns about privacy. As a restraint on technology adoption, privacy concerns derive from

individual level factors together with community-wide factors.

Wanless et al. (2006) observe that users seldom understand the function that assistive
technologies play in enabling self-management. Frequently, people who acquired their
disabilities during their life are prematurely steered towards using assistive devices that they

subsequently abandon (Scherer & Galvin, 1996).

According to Carlson et al. (2001), significant numbers of people with disabilities experience
an inability to perform tasks, which leads others to make decisions in their place. There is a
general assumption amongst caregivers and society that people with disabilities universally
require assistance irrespective of their adoption of assistive devices. This frequently leads to

the user abandoning their technological devices as other assistance options remain available.
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Inanswer to this dilemma, Galvin and Scherer (2004) advises assistive technology specialists
to educate both users and their caregivers in the device’s capabilities so that both groups
modify their behaviour in unison. Despite this, approximately one third of all users abandon
their assistive technology devices (Scherer, 1996; Scherer & Galvin, 1996). An explanation
for this high rate is that both users and caregivers developed unreasonable expectations about
the benefits of the assistive technology aids, and when their performance does not reach these

expectations, the users’ disappointment lead them to discard the devices.

There is also a financial element to AT devices which shapes attitudes towards them. The

technology is expensive to acquire and training both the user and caregiver is costly.

Several assistive technological devices have been designed with minimal consideration for
their user’s actual disabilities, which can lead to technology abandonment (Hakobyan et al.,
2013). It may be that designers are unfamiliar with their target user’s actual needs and
existing abilities or they may be unaware of the protocols that measure the utility of their

devices.

To produce higher rates of device adoption, Demirbilek and Demirkan (2004) propose
combining two strategies: design by users together with design for users. Including people
with disabilities at the design stage when developing new assistive technology devices is
likely to result in a higher rate of successful adoption of the devices. Many assistive devices
are complex and have written instructions that are difficult to comprehend. This is similarly

a symptom of inadequate user participation during the design phase.
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According to Scherer and Galvin (1996), if designers developed their devices for a specific
purpose, the purpose must match the exact requirements of the disabled user. To be viewed
as a success, such devices must be robust, match the user’s aesthetic expectations, be easy to
use and incorporate sufficient customizability to adjust to any specific requirement of the

user.

2.3 The Saudi Arabia Context

2.3.1 Introduction

In 1932, the Kingdom of Saudi Arabia (KSA) was integrated by King Abdulaziz Al-Saud
(KSA, 2018). The Kingdom is located in the heart of the Arabian Peninsula, an area of
approximately 2,150,000 square kilometres, surrounded by the Gulf countries (Kuwait,
Bahrain, the United Arab Emirates, Oman, and Qatar), Irag and Jordan (see Figure 1). Arabic
is the official language, and Islam is the official religion (Saudi Government, 2018).
According to the Organization of the Petroleum Exporting Countries (OPEC (2018), KSA is
the world's largest oil exporter, with 18% of the world oil resources. The country also has

other important resources such as gold, iron, and copper.
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This image has been removed due to copyright restrictions. Available online from
[https://www.saudi.gov.sa/wps/portal/snp/main]|

Figure 1: Saudi Arabia's location and border

In 2016, the Government of the Kingdom of Saudi Arabia launched Saudi Vision 2030 as
one of the most important pillars of the Saudi economy (Saudi Vision 2030, 2018). The vision
has set a number of goals and it aims to achieve these objectives through strengthening and
diversifying its economy and benefiting from resource workers and its strategic location
(Saudi Vision 2030, 2018). One of the main objectives is e-governance and supporting digital
transformation in all sectors of government, including education, in order to increase the
efficiency of these sectors and the speed of development while reducing costs. Through the
vision, the Saudi government seeks to expand the scope of electronic services to support
important sectors such as health and education, as well as promoting the use of electronic
applications such as cloud computing and assistive technologies to facilitate and diversify

channels of communication for citizens (Saudi Vision 2030, 2018).
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2.3.2 The Culture of Saudi Arabia

Saudi culture is similar to the culture of its counterparts in the Arabian Gulf countries, with
an emphasis on community integration, helping others, and communicating with members of

the society. The tribe, clan, and family all play key roles (Alfarraj, 2013).

Saudi Arabia isa religiously and socially conservative country that has a unique culture based
on religion and tribalism (Al Alhareth et al., 2015). Indeed, Alfarraj (2013) and Al-Shehry
(2009) point out that to know the Saudi culture it is important to know about Islam and the
Arabic tribal customs and traditions. As Islam is the main religion in the Kingdom, it has had
a great impact on the culture of Saudi society (Al-Rashid, 1986). Muslims derive their culture
from the teachings of Islam obtained through the Holy Quran and Sunnah of the Prophet
Muhammad (Aldraehim, 2013). Islam calls for many values that are considered key
components of Islamic culture, such as good morals, honesty in business dealings, equality
between people regardless of their gender, race or colour, as well as many other
characteristics (Aldraehim, 2013; Kabasakal & Bodur, 2002). Islam also encourages family
and community cohesion, cooperation among members of the society, and helping those who
need help (Aldraehim, 2013). Saudis prefer to work in teams managed by a leader who is the
decision maker (Brdesee, 2013). Tribal and family relationships are factors that may affect

individuals in their work, either positively or negatively (Al-Shehry, 2009).

2.3.3 The Educational System of Saudi Arabia

The development of education has been one of the most important objectives of the Kingdom
of Saudi Arabia since it was established (MOE, 2018). The first educational system in the

Kingdom was established in 1925 with the creation of the first educational organization
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named the Directorate of Knowledge. In 1951, the first Ministry of Knowledge was
established and King Fahd bin Abdulaziz became the first Minister of Education. In 1975,
the first Ministry of Higher Education was established. The Ministry of Higher Education
was merged with the Ministry of Knowledge to become the Ministry of Education (MOE,

2018).

In 2018 there are five levels of education in the Saudi educational system: pre-elementary,
elementary, intermediate, secondary, and higher education (MOE, 2018). Students in Saudi
Arabia receive all levels of education at no cost (Al-Mousa, 2010). The Saudi Arabian
government mandates parents enrol children aged over 5 years old in primary schools

(Alquraini, 2011).

According to The General Authority for Statistics (GaStat) in Saudi Arabia, the population
of the Kingdom of Saudi Arabia in 2017 was 32,552,336, of which 20,408,362 were Saudi
citizens, with 50.94% male and 49.06% female (GaStat, 2017). The Saudi population aged
between 20 and 35 in 2017 was 5,802,334, which is the approximate age of university
students in Saudi Arabia. Also, more than half of the population aged over 24 years have
completed at least secondary school education. Figure 2 illustrates that the total number of
students enrolled in education for 2017 in any level was 6,412,128, of which 1,262,687 were
university students (GaStat, 2017). There are currently 25 public universities and several

private universities (Saudi Government, 2018).
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Saudi students enrolled in 2017

® Pre-university level m University level

Figure 2: Overall Saudi students enrolled in 2017
2.3.4 Education for Disabled Students in Saudi Arabia

The first education for blind adults was in 1958 through a non-profit organization that
provided a class to help blind adults to use the Braille language (Al-Kheraigi, 1989; Aldabas,
2015). The first official government institute for visually impaired students in Saudi Arabia
was The Al-Noor Institute which was established in 1960 (Al-Hano, 2006). According to Al-
Jadid (2013), government education policies promulgated in 1970 incorporated special

education programs for disabled students.

The Saudi Arabian Ministry of Education supervises dedicated institutions catering for
disabled children. According to Al-Jadid (2013), the ministry operates educational
rehabilitation at specific educational facilities including the Amal Institute for the Deaf, Al-

Noor Institute for the Blind, and the Institute for the Mentally Retarded.
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The Al-Noor Institute of the Blind’s 10 educational facilities serve 625 students with visual
impairment. Their staff included 264 qualified teachers who hold special education diplomas
(Battal, 2016). Each branch is equipped with curricula, modules and specialized assistive aids

that match the requirements of the student’s needs (Al-Jadid, 2013).

The Amal Institute for the Deaf operates 23 facilities together with a network of auxiliary
units serving specific public schools. Their roll includes approximately 3000 hearing
impaired students who are educated by 606 suitably qualified teaching staff. Intermediate
and secondary school student curricula include relevant technical and vocational-oriented

skills appropriate to their abilities or degree of hearing impairment (Al-Jadid, 2013).

In addition to these specialized institutions, the Saudi government operates Social
Rehabilitation Centres plus dedicated organizations providing social welfare support to

needy disabled people requiring educational rehabilitation (Al-Jadid, 2013).

2.3.5 E-learning for Visually Impaired Students in Saudi Arabia

According to Weber (2016), the actual use of the Internet in Saudi Arabia begun in 1999, and
in 2008 Saudi Arabia was ranked 46th in the global e-readiness index. Saudi Arabia is
investing heavily in the e-learning sector, with government expenditure on e-learning in 2008
reaching $125 million (Weber, 2016, p. 19). E-learning in Saudi Arabia can be one of the
most important factors in decreasing the number of non-citizens working in Saudi Arabia
(Weber, 2016). The Saudi government's expenditure on education in 2003 was 24% of the
country’s budget. E-learning may help improve efficiency of educational delivery and reduce
government spending (Bosbait & Wilson, 2005, p. 533). According to Means et al. (2009), a

study by the US Department of Education showed that the productivity of students who used
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e-learning was better than students who used traditional methods of education. In addition,
one of the most important benefits of e-learning is its contribution to reducing the costs of
the educational institution, which motivates many educational institutions to adopt and invest
in it (Weber, 2016). This is in line with the Saudi Vision 2030 goal to reduce government
spending through the digital transformation of education sectors in Saudi Arabia. According
to Weber (2016), the Gulf countries, including Saudi Arabia, are lagging behind in the
application of e-learning for several reasons, including barriers to the implementation of

assistive learning techniques.

Despite recent growth, there is still urgent need for Saudi Arabia to establish flexible and
accessible electronic educational systems to help people with disabilities integrate their
education through the use of assistive technologies (Weber, 2016). According to Abanumy
et al. (2005, p. 1), more than 90% of Saudi e-government sites are inaccessible to the Saudi

disabled who represent 4% of the Saudi population.

According to Russell et al. (2003), technology can be used to improve the quality of
education, but studies suggest there are some challenges in technology adoption. There is,
therefore, a need to make assistive techniques accessible to all students by integrating them
into a comprehensive learning environment. According to Wong et al. (2008), one of the
most important goals of technology in education is to raise the level of student competence.
In addition, the dissemination of technology based on social models that adopt educational

competencies can achieve educational goals (Alquraini & Gut, 2012).

In 2011, the Saudi Electronic University (SEU) was established to pioneer e-learning and

distance learning in Saudi Arabia. The university uses the blended learning method which
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adopts a mixed educational system that integrates e-learning and traditional face-to-face
education. Although the university should be one of the most suitable environments for the
students with visual impairment, it can't be included within the scope of this study because it

has no specialized center for people with disabilities.

2.3.6 AT for Vision Impaired Students in Saudi Universities

Assistive technologies help people with disabilities interact with the environment in which
they live. As such, assistive technologies can be considered a link between users and the
environment around them. The technology helps disabled people improve their quality of life
by enabling them to perform their daily tasks without the need of help from others (Hakobyan
etal., 2013). One of the most important aspects of the lives of people with disabilities, which

is expected to be improved through the use of assistive technologies, is education.

In 1996, the King Salman Centre for Disability Research was established to fill Saudi
Arabia's gap in specialized scientific research on disability issues (KSCDR, 2018). The
Centre supports research that contributes to the development of services for people with
disabilities and works to improve the conditions of people with disabilities to become

productive workers and to participate in community building (KSCDR, 2018).

The Kingdom of Saudi Arabia is witnessing rapid development in the education of people
with disabilities, with the aim of developing their capabilities, helping them to integrate into
society, and obtain real opportunities in the labour market, which will in turn benefit the
Kingdom economically and socially (KSU, 2018). In 2008, the Kingdom signed the United
Nations Convention on the Rights of Persons with Disabilities (CRPD), which stipulates that

education services, including higher education, for individuals with disabilities must be
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provided and that the necessary facilities for them to learn in an easy and accessible manner
must be made available (KSU, 2018). To this end, many universities in Saudi Arabia have
sought to provide educational services for individuals with disabilities and to provide a

suitable and attractive educational environment for them.

King Saud University was one of the first Saudi universities active in the field of education
for individuals with disabilities. The university established a centre to serve both male and
female students with disabilities under the umbrella of the Deanship of Student Affairs (KSU,
2018). In 2008, a project was established by King Saud University to develop services for
students with disabilities called the King Saud University Universal Access Program (UAP),
which aims to provide an educational environment suitable for disabled students (KSU,
2018). The UAP supervises architectural and technical integration of the university's
buildings and facilities to ensure suitability for disabled students (KSU, 2018). In addition,
the UAP provides services for students with visual impairment through academic guidance
services, psychological counselling and financial support, in addition to providing assistive
technologies (KSU, 2018). For students with visual disabilities, the UAP provides assistive
devices such as screen readers, electronic Braille displays, Braille Sense, and Kurzweil
Reading Machines, as well as assistive software such as Zoomtext, JAWS, and Hal (KSU,

2018).

King Abdulaziz University (KAU) is also active in the field of service for disabled students.
The university participates in many events and conferences related to disabled people (KAU,
2018). The university hosts many activities in the same context. KAU established a disabled

services centre to serve disabled students by providing financial, moral and technical support
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to students with disabilities through the provision of assistive technologies for use in their

studies (KAU, 2018).

King Faisal University has also established a special needs unit for students with disabilities.
The unit provides them with the requirements they need in the academic field in addition to
providing support during the course of their studies (KFU, 2018). The University has also
established the Al Noor Hall, which offers services for both students and staff with visual
disabilities and provides them with the appropriate assistive technology to help them access

information (KFU, 2018).

2.4 Summary

This chapter highlights the importance of assistive technologies in the daily life of visually
impaired individuals, the most important obstacles facing individuals with visual disabilities,
and factors that prevent adoption and acceptance of assistive technologies in various fields.
As this research focuses on visually impaired students in Saudi universities, the educational
system applicable to the visually impaired in Saudi Arabia has been highlighted. Multiple
Saudi universities are providing services that facilitate visually impaired student’s access to
education, allowing them to continue their studies. This underlies the need for this research
to examine the acceptability of assistive techniques and to explore the obstacles that prevent

these techniques from being fully used by visually impaired students in Saudi universities.
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Chapter 3 : Literature Review

This chapter reviews the literature on the uses of assistive technology (AT) in education and
the benefits and barriers of using it. It also examines work on technology acceptance models

to identify an appropriate model for this study.

As this research is concerned with attitudes and barriers to the use of assistive technology in
Saudi universities, the focus of this review is on studies that relate to technologies and

teaching methodologies that are currently in widespread use in Saudi Arabian universities.

3.1 Using Assistive Technology

As this study focuses on the use of AT in the education context, this section will review the

previous literature in this field, including the benefits and barriers of the use of AT.

3.1.1 Using Assistive Technologies in Education for Visually Impaired Students

Silman et al. (2017) assessed the use of assistive technology in the learning process for
visually impaired people. The paper examines the use of AT as well as how institutions have
used this technology. The technology is not only used in educational institutions but also at
the administrative level. A qualitative technique is used to collect and analyse the data. The
study showed that the use of this technology among visually impaired people increased. The
authors found that a technological limitation is the lack of automatic high-speed book
scanners. The availability of such a device would improve the quality of the lives of visually

impaired people.
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Clouder et al. (2018) examined the role of AT in promoting inclusion of students with
disabilities in the education environment. The main aim of this paper is to assess ways to
increase access to learning through the use of AT. Different educational institutes working
with AT have explored different ways of increasing the use of AT. By promoting individual
and collective students’ agency, the institutions have found that this technology has addressed
the invisibility of disabled students. The authors used secondary sources to examine different
projects for this research. The focus of the study is on the power and importance of AT,

neither the effect nor the benefits of the AT were considered.

Wong and Cohen (2016) examined access to and challenges of using AT for visually
impaired students in gaining higher education as well as becoming independent. The main
aim of this paper is to examine the experience of teachers with visually impaired students.
Teachers play an important role in facilitating the use of AT by impaired students. In this
paper, a quantitative research technique was used, with the authors gathering data from six
teachers. The authors concluded that AT is inadequate and inconsistently used by teachers.
They also summarized the results of the study into four themes: making a decision,
collaboration, increasing capacity and accessing the AT. They point out gaps in terms of

assessment, knowledge and collaboration among the teachers related to the AT.

Ajuwon et al. (2016) examined the perceptions of teachers who have used AT to assist
visually impaired students. The students’ utilization and competency with AT were the
primary focus for those teachers who assist visually impaired students. The authors
conducted two studies in order to assess the reflections of the teachers on the use of AT. In

the first study the authors gathered data from Texas and, in the second study, the data was
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collected from all states of the US. The authors concluded that AT is a beneficial tool for

teachers to assist visually impaired students.

3.1.2 Benefits of Using Assistive Technologies in Education

Perelmutter et al. (2017) assessed the benefits and effectiveness of ATs, such as smart pens
and text-to-speech systems, for teaching disabled students. They found that the use of AT
has increased, and that AT is helpful in supporting the learning of a disabled person, but that
the intervention of this technology must be carefully customized to the individual. The

authors used a combination of qualitative, quantitative and survey methods.

Alnahdi (2014) investigated whether or not AT is helpful for disabled people in a variety of
fields, with a particular focus on the role and the benefits of the AT. Using secondary sources,
the author found that AT is used in many fields and has improved the ability for disabled
people to perform both academic and employment tasks. The paper reports that in general
disabled people work effectively with AT, although the challenges of AT were not

considered.

White and Robertson (2015) investigated the implementation of AT in the field of education,
with a particular objective to assess the benefits of the AT for both students and teachers.
Without AT, non-reading students from grades four to five did not have the ability to access
the curriculum and information. The authors found that AT helps eliminate this reading gap
by improving reading among non-reading students. The authors used a qualitative approach
to collect data from teachers. The results of the study indicated that AT increased
collaboration between teachers and students, although the paper did not discuss how the AT

can improve the confidence level of non-reading students.
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Erdem (2017) analysed secondary sources to investigate the need for AT and its use among
special education students. The study highlights the increasing use of ATs in special
education institutes and identifies different types of AT used in special education. The author
concludes that AT has a positive effect on special education students and, with the help of
this technology, that they can become more independent and live a more productive life.

However, the disadvantages of the use of AT were not discussed.

A Qualitative study by Silman et al. (2017) examined the benefits of using AT in the Cyprus
Turkish Blind Association. They found that using AT facilitated both the educational and
administrative processes for visually impaired individuals within the organisation. Moreover,
the authors found that using AT can also motivate the visually impaired individuals to learn

and communicate with each other as well as with people outside their organisation.

Alnahdi (2014) asserts that the use of AT by visually impaired students can lead to several
advantages such as helping them to be more independent, enhancing their participation in the

classroom, and improving their abilities to complete difficult academic tasks.

3.1.3 Barriers to Using Assistive Technology

This section highlights the most important previous studies showing factors that have been
found in some contexts to have a strong influence on disabled users' acceptance of the

technology.

Dorrington et al. (2016) examined accessibility of assistive devices and how accessibility
affected the user’s experience and independence. The authors found that in an institutional

setting, poor personal access and poor institutional support for access can decrease
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independence among disabled students as well as their ability to fulfil their aim. They
conclude that it is the responsibility of educational institutions to enhance accessibility to AT

among disabled people and to provide awareness about the benefits of AT devices.

Borg and Ostergren (2015) investigated perspectives of AT users with a view to elaborating
barriers to using AT. The authors found that the main barrier is cost; AT devices are
expensive so not all disabled people can use them. Another barrier is awareness; many people
are not familiar with AT or aware of its potential benefits. The authors concluded that to

increase use of AT, affordability must be improved and awareness increased.

Edyburn (2015) studied how the self-efficacy of disabled learners expanded their use of AT.
The authors found that specialized AT reduced the impact of disability on disabled people,
and that AT can enable disabled people to learn, live and work independently. But they
conclude that to use the technology effectively, enhancing self-efficacy of users is essential.
Education institutions can have a positive effect on the use of AT by providing training in
AT skills and fostering a belief among disabled students that they can fulfil their objectives

and do what they want to do with the help of AT.

Lofgvist et al. (2016) examined how the attitude of people towards technology affects
acceptance of AT. The authors gathered data from 371 individuals during home visits and
also conducted interviews. They found that most people have a positive attitude towards the
adoption and acceptance of AT and feel it can improve their quality of life, but that there are

some barriers that can impede the use of the technology.
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Orellano-Coldn et al. (2016) also investigated the perception of people towards the use of
AT and the barriers to using AT devices. The authors found that AT has enhanced the safety,
quality of life and independence of disabled people. However, the lack of availability and
high cost of the devices are the main barriers. The authors used a descriptive qualitative
approach with semi-structured interviews and concluded that barriers to using AT can cause
disparities in the degree to which disabled users can live independently. However, they did

not discuss how barriers to using AT devices can be reduced.

Chaurasia et al. (2016) used secondary sources, such as published case studies, to investigate
the effect of anxiety on the acceptance of AT by elderly people. AT can help deliver care to
elderly or disabled people and enhance their quality of life, but some people become anxious
about using technology. The authors found that anxiety can be a significant barrier when
elderly people are adapting to the use of AT. However, the paper did not discuss how such

anxiety can be reduced.

Ahmad (2015) assessed barriers for using AT in the field of education by gathering data from
secondary sources. The study found that ineffective policies, limited support from
government and insufficient training of teachers are the main barriers to using AT devices.
The author concludes that effective use of technology can increase the ability for students to
access information and improve communication, but there is a need for educational institutes

to provide proper training to teachers as well as students on how the devices can be used.

Holzberg and O'Brien (2016) assessed AT accessibility to educational institution web pages
using a social accessibility tool. Many educational institutions are working to increase the

accessibility of AT for disabled students. The authors found that the technology is available
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to improve web accessibility, but the institutions often lack resources to use it. Poor
accessibility increases learning difficulties for disabled students and teaching difficulties for
special education teachers. The paper recommends that in this situation the government
should provide necessary facilities to educational institutions, for example by providing

additional funding.

Hoffman et al. (2017) studied visually impaired adults suffering from anxiety about the use
of assistive devices. Although the use of AT can help overcome problems faced by visually
impaired people, if those people are scared of the technology they will hesitate to use it. The
authors gathered primary research data from visually impaired adults and recommended the

use of different techniques that can reduce anxiety and improve the acceptance of AT.

Hughes et al. (2014) investigated the perception of people towards the barriers and
opportunities of AT in education using a questionnaire organized around several themes. The
authors found that lack of knowledge about AT and awareness of its benefits is a significant
barrier, as are limited access to the technology and inadequate education about its use. They
point out that there is a need to develop cost-effective assistive devices to ensure that most

disabled people can use it and that most institutions can provide the facility to their students.

Wu et al. (2016) used focus group discussions to investigate the attitude of people with
cognitive impairment towards the adoption of assistive devices. The main purpose of this
paper was to explore the difficulties that older adults face with the use and acceptance of
assistive devices. The authors found that most of the people with cognitive impairment
believe that they have a reduced ability to use the technology, which results in a negative

attitude towards the adoption of AT. However, those people who do have the capacity to use
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the technology are more likely to have a positive attitude and see that the technology can

change their outlook on life.

Alves et al. (2009) conducted a study to investigate the use of assistive technology by visually
impaired students in education from the teachers’ perspective. The researchers asked 134
teachers of public schools in Brazil about the use of assistive technology in the classroom.
The study found that the most important causes that prevent the use of AT in schools from
the teachers’ perspective are limited training courses, poor infrastructure and insufficient

pedagogical support.

Shinohara and Wobbrock (2016) used a diary study for two groups including disabled
individuals and non-disabled individuals for four weeks to explore their perceptions and
interactions about the use of AT. The authors conclude that disabled individuals feel self-
conscious and self-confident when using AT. Also, they found that there is a strong
relationship between the form and the function of AT and the self-efficacy and self-

confidence of the AT users.

Abner and Lahm (2002) conducted a study of teachers of visually impaired students in
Kentucky to verify the AT used and the needs of teachers. The study found that teachers

needed more training and support to be able to help visually impaired students.

Constantinescu (2015) also identified barriers that teachers face which can prevent the
effective use of assistive technologies by disabled students. The study found that the most

important barriers from the point of view of teachers are the inadequate professional
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development, lack of appropriate assistive technologies, insufficient financial resources, and

insufficient time to prepare curricula compatible with assistive technologies.

Burgos (2015) conducted a study to examine the competence of specialists in assistive
techniques in schools in Florida. The study found that there is a shortage of specialists who
are competent in the field of assistive technologies because of limited access to continuous
training and the difficulty of keeping abreast of the development of assistive technologies.
The study recommended the need for training for specialists in assistive technologies to meet

the needs of their students with disabilities.

Desideri et al. (2016) examined the cost of implementation of AT and the effect of cost on
accessibility to AT. High cost relative to available resources limits availability of assistive
devices and hence has a negative effect on accessibility. The problem is particularly severe
for disabled people who are in remote areas and who may have no awareness about the use
of AT. The authors conclude that there is a need for both educational institutions and the

employment sector to enhance the accessibility to AT.

Bhowmick and Hazarika (2017) used a statistical survey to investigate the attitude of visually
impaired and blind people towards the adoption of AT. The authors found that most visually
impaired and blind people have a positive attitude towards the adoption of AT and have the
perception that the AT creates a positive impact on their lives, which enhances their ability

to live independently.

Fakrudeen et al. (2017) considered the use of technology by school students in Saudi Arabia.

The study found that students with disabilities in the primary stage of schooling use
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technology less than students who do not have a disability, but by the intermediate and
secondary stage, disabled students were using technology more, and their confidence in using
technology had increased. By the time they reached secondary school, disabled students
were able to interact widely through social media applications and the technology had

become a part of their lives.

3.1.4 Summary and Discussion

Table 1 summarises factors that have been found in some contexts to present barriers to the
use of assistive technology. The table categorises the barriers into three groups: user factors,

teacher factors, and institutional factors.

Table 1: Summary of barriers to AT use investigated in previous studies.

User factors Teacher factors Institutional factors

Self-efficacy
Attitude towards AT
Anxiety

Awareness

Time to prepare
Teacher training
Specialists training
Government support
Institutional policies
Pedagogical support
Infrastructure
Availability

Cost

Study
Dorrington et al. (2016)

Borg and Ostergren (2015) *
Edyburn (2015) *
Lofqvist et al. (2016) *
Orellano-Col6n et al. (2016) * | *
Chaurasia et al. (2016) *
Ahmad (2015) * * | *
Holzberg and O'Brien (2016) * *
Hoffman et al. (2017) *
Hughes et al. (2014) * * *
Wau et al. (2016) *
Alves et al. (2009) * *x | *
Shinohara and Wobbrock (2016) *
Abner and Lahm (2002) *
Constantinescu (2015) * * | * *
Burgos (2015) *

% | Accessibility

*
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Desideri et al. (2016) * *

Bhowmick and Hazarika (2017) *

Fakrudeen et al. (2017) * | *

User factors are those that may affect a disabled student’s acceptance of AT for use
in their study, and include the accessibility of the AT in the university context, their
self-efficacy in learning and using new technology, their attitude towards the
technology, and feelings of anxiety in using AT for their study.

Teaching factors are those that may affect teachers or administrators working with
disabled students, and include their level of awareness of visual disability and AT,
the extra time teachers need to prepare curriculum materials for use with AT, teacher
training requirements, and the expertise of specialist support staff,

Institutional factors are those that are the responsibility of universities or
governments. In Saudi Arabia, the government is responsible for financial support to
the universities and overall policy directions. Universities are responsible for
institutional policy determination and implementation, for the provisional of
infrastructure and human resources, and for facilitating pedagogical support.

The table lists two other factors that have been considered in previous studies: the
cost of AT devices, and their availability to users. In some contexts, these factors are
the responsibility of users; in others, they are the responsibility of institutions. The
Saudi government makes AT available to all disabled university students free of

charge, so they are effectively institutional factors in the context of this study.
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For this study the focus is on acceptance of AT by Saudi university students, using the
University Theory of Acceptance and Use of Technology (UTAUT). UTAUT takes into
account factors that have been found to influence technology acceptance in a wide range of
technology contexts but is not specifically designed for use with assistive technology.
Consequently, for this study the UTAUT model was extended to include the factors identified
by previous studies to present barriers to user acceptance of AT: accessibility, self-efficacy,
attitude to AT, and anxiety. An introduction to UTAUT and its background is covered later

in this chapter, and the extended UTAUT maodel is discussed in detail in Chapter 4.

3.2 Technology Acceptance Theories and Models

3.2.1 Introduction

Many studies have investigated factors that affect the acceptance of technology in an
information systems environment, and many acceptance models have emerged, each with its
own set of acceptance determinants. There has been a lot of effort in validating and extending
the models over the years, which has resulted in their evolution and refinement. Recent
studies using current models have helped highlight reasons for poor acceptance of particular

technologies and pointed to potential suggestions for overcoming problems.

The focus of this thesis — use of assistive technology by visually impaired Saudi university
students — is an area where acceptance is currently lower than expected. This section reviews
the development of acceptance models, and their limitations, with a view to determining the

best model to use as the basis for this study.
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3.2.2 Theory of Reasoned Action (TRA)

Ajzen and Fishbein (1980), working in the social psychology field, developed the Theory of
Reasoned Action (TRA), which was one of the first models used to explain technology
acceptance. Thistheory uses a systematic theoretical orientation framework based on beliefs,
attitudes, subjective norms, intention and behaviours. The theory was developed with the
objective that it will be able to predict, explain and impact human behaviour across many
domains. According to the authors, TRA is a suitable model for studying determinants of

user behaviour.

The TRA states that the main determinant of behaviour is not the attitude of the person
towards that behaviour but the intention to perform that particular behaviour. There are two
factors which determine behavioural intention: the person’s attitude towards that behaviour,
and subjective norms based on perceived social pressures that relate to the behaviour.
Attitude towards behaviour depends on the person’s unfavourable and favourable evaluation
of the behaviour in question. The belief here is that a person will be inclined to perform a
behaviour if they perceive that there is a chance that it will lead to a valued outcome.
Normative beliefs are based on the perceived social pressure from different factors, and the

person’s motivation to obey these factors. The Figure 3 below explains the theory.
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This image has been removed due to copyright restrictions. Available
online from [https://www.researchgate.net/figure/Theory-of-Reasoned-
Action-Ajzen-and-Fishbein-1980-Figure-1-depicts-how-the-TRA-
is_figl 272054073]

Figure 3: Theory of Reasoned Action
(Ajzen & Fishbein, 1980)

The main limitation of TRA is the correspondence between variables, as stated by Ajzen
(1985). For example, there are five things that attitude and intention must agree on if TRA is
to predict a particular behavior: target, context, action, time frame and specificity (Sheppard

etal., 1988).

Another limitation is that TRA attempts to explain only volitional control; the theory applies
only to behaviour that is decided before it takes place. This means that the decisions that
people take on impulse, the actions that result out of habit, and other natural behaviours are

not covered by this theory.

3.2.3 Theory of Planned Behaviour (TPB)

To address the incomplete volitional control limitation of TRA, an extension was proposed
by Ajzen (1985), which created the Theory of Planned Behaviour (TPB). Like TRA, TPB is
a model used for predicting and explaining human behaviour and focuses on the roles of
individual organizational members and the social systems that are found in the process
(Ajzen, 1991). However, according to its author TPB was designed with the objective of also

predicting those behaviours that were not fully under volitional control. To accommodate
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these situations, TPB includes a factor for perceived behavioural control (PBC), which takes

into account the situation where behaviour is not fully under the control of the individual.

Ajzen (1991) stated that this can be different in terms of situations and actions, and placed
PBC into a general framework of relationships between beliefs, attitudes, intentions and
behaviour. As it is shown in Figure 4, PBC can impact both intention and behaviour. The
impact of PBC on behaviour can either be direct or indirect through behavioural intention.
TRA implies that when a situation or behaviour gives an individual complete control over
their behavioural performance, behaviour can be predicted using only intention. Ajzen’s
argument here is that there are conditions where behavioural intention would account for
only a little variation in behaviour, while with the addition of PBC the model should be able

to more fully predict behaviour (Ajzen, 1991).

This image has been removed due to copyright restrictions. Available
online from [https://www.semanticscholar.org/paper/Consumer-
attitudes-and-behavior%3A-the-theory-of-to-
Ajzen/49859¢b96614571¢355595d7a614a120154bfae]

Figure 4: Theory of Planned Behaviour.
(Ajzen, 2002)

The role of intention and PBC is very important for the purpose of predicting behaviour.
However, different conditions result in different levels of importance of one factor over the

other. TPB deals with extant behaviour when it is explaining and predicting behaviour; it also
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deals with subjective norms and perceived behavioural control. Behaviour is considered to
be a function of salient beliefs that are relevant to a specific behaviour. The salient beliefs
here refer to the determinants of a person’s actions and intentions, and affect the person’s

attitude to the behaviour, response to norms, and control of non-volitional behaviour.

TPB has been criticized because it fails to investigate the relation between intention and
behaviour, resulting in large amounts of unexplained variance in behaviour. In addition, it
doesn’t take into account demographic variables and makes the assumption that everyone
will have the same experience with the process of the model. Instead, Armitage and Conner

(1999) argue that, as a psychological model, its focus should be on internal processes.

According to Taylor and Todd (1995), TBP uses PBC as a variable to group all elements of
behaviour that are not controllable. They suggest that the reason why the salient beliefs
behind PBC were collected into a cluster was simply to come up with a measure for it, and
criticize the model for aggregating factors that should be able to predict behaviour, which

creates a lack of neutrality.

3.2.4 The Social Cognitive Theory (SCT)

Bandura (1989) is the psychologist most credited with pioneering the social cognitive theory
(SCT). According to SCT, the acquisition of learning and knowledge results from social
interaction, environmental factors, biological and affective incidents and the emulation of
patterns of experienced behaviour. At the core of SCT is the premise that human behaviour,
represented by individual actions and personal conduct, is determined and regulated both by

personal internal dispositions and environmental external influences (Bandura, 1989).
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According to his theory, learning is the consequence of observing other people’s actions and

through personal experience of these actions.

Bandura (2011) defines SCT’s focal constructs as reciprocal causation (triadic determinism),
outcome expectation, self-efficacy, and self-regulation. Triadic reciprocal causation
postulates that observed behaviour is shaped through bidirectional interaction within three
spheres: personal and cognitive, environmental and behavioural inputs. Personal and
cognitive inputs indicate an individual’s self-efficacy, representing confidence in their own
capabilities and strengths (Bandura, 1977). SCT’s second premise is outcome expectations;
the consequences inherent with participating in specific behaviour. SCT’s remaining
construct is self-regulation of behaviour, which takes place when personal actions and

thoughts are employed to accomplish an objective (Bandura, 2011).

3.2.5 Technology Acceptance Model (TAM)

Davis (1989) proposed the Technology Acceptance Model (TAM), which is one of the most
widely known and influential theories about acceptance and behaviour in the information
systems domain. TAM is based on the work by Ajzen and Fishbein (1980) on the Theory of
Reasoned Action; it attempts to explain why technology is used and accepted by users, and

the factors that have an impact on the process.

The Figure 5 shows that TAM represents two user perceptions: perceived usefulness and
perceived ease of use (Davis, 1989, p. 30). Perceived usefulness can be defined as a person’s
belief that if they use a system, it will improve their performance. Perceived ease of use can

be defined as the degree to which a person thinks that using a system would not require effort.
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TAM attempts to show the factors that influence system usage with the help of beliefs about

these two factors (Davis et al., 1992).

This image has been removed due to copyright restrictions. Available
online from [https://www.researchgate.net/figure/Technology-
Acceptance-Model-TAM-Source-Davis-et-al-1989-The-TAM-model-
relies-on_figl 303406534]

Figure 5: Technology Acceptance Model
(Davis, 1989)

Like TRA and TPB, TAM considers intention as determining system usage. In TAM,
intention is determined by both the attitude of the person using the system and its perceived
usefulness. As Figure 5 shows, either a positive attitude or perceived usefulness can impact
intention to use a system. This means that if a person believes that their performance will be
enhanced by using a system, they may form an intention to use the system despite negative
feelings about it (Davis et al., 1992). The external variables in the model are the objective
system design characteristics, the nature of the implementation process, training, computer

self-efficacy, and the user’s involvement in the design (Davis & Venkatesh, 1996).

According to Legris et al. (2003), a limitation of TAM is that application of the model relies
on a respondents’ self-reporting their usage and assumes that the usage reported reflects
actual usage. In addition, the model is influence by sample choice, examined systems and
the specifications of the respondents. For example, in a study using samples from

professional users and students it would be difficult to generalize the findings to other
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contexts. Further, Venkatesh (2000) points out that another limitation of TAM is that it
doesn’t give much guidance on how usage can be impacted with the help of design and
implementation. For example, although it may help in understanding or explaining
acceptance, it provides little help in guiding development beyond the suggestion that the

system characteristics make it easier to use.

3.2.6 Extension of the Technology Acceptance Model (TAM2)

To overcome some of the limitations of the original TAM, Venkatesh and Davis (2000),
extended the model to create TAMZ2, which included important determinants of perceived
usefulness and user intention in terms of the social impact and the cognitive instrumental
processes. Social influence processes include subjective norms, voluntariness and image.
Cognitive instrument processes include job relevance, output quality, result demonstrability

and perceived ease of use. The TAM2 model is shown in Figure 6.

In the TAM2 model, experience is a factor that is not categorized as a social influence process
but rather is a moderating factor that is connected with the influence of subjective norms on
other processes (Venkatesh & Davis, 2000). For example, the model assumes that an
organization mandating use of a system will rely on the subjective norm having a direct
impact on a user’s intention to use the system in the early stages of deployment, but that the
impact of the subjective norm on intention will decrease over time as the user gains
experience, and that perceived usefulness will take over as the factor influencing use of the

system.
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This image has been removed due to copyright restrictions. Available
online from [http://dx.doi.org/10.1287/mnsc.46.2.186.11926]

Figure 6: Extended Technology Acceptance Model (TAM2)
(Venkatesh & Davis, 2000)

Similarly, Venkatesh and Davis (2000) consider that mandatory use of a computer system
affects the influence of subjective norms on intention. In TAM2, this is represented by the
moderating variable voluntariness, which is used to differentiate between mandatory and
voluntary usage in an organizational setting. The model states that subjective norms can have
a direct impact on intention if use of a system is mandatory, or an indirect effect (via
perceived usefulness) if use is voluntary. The authors point out that first path leads to usage

through compliance, whereas the second path leads to usage through internalization.

3.2.7 Extension of the Technology Acceptance Model (TAM3)

TAMS3 was launched in 2008 as an update and adaptation of TAM2. It incorporated new

features including perception of external control, computer self-efficacy, computer anxiety,

49



computer playfulness, objective usability and perceived enjoyment (Venkatesh & Bala,
2008). TAM3 was used to study the adoption of workplace IT and achieved a 54 % success
rate in predicting behavioural intention and a 31-36 % accuracy for anticipating actual use

factors. TAM3 is illustrated in Figure 7.

This image has been removed due to copyright restrictions. Available
online from [https://www.docketalarm.com/cases/PTAB/IPR2014-
00023/Inter Partes Review of U.S. Pat. 6482520/09-25-2014-
Petitioner/Exhibit-1048-Venkatest and Bala 2008/]

Figure 7: Technology Acceptance Model (TAM 3)
(Venkatesh & Bala, 2008)

Other uses for TAM 3 have included its use in researching behavioural intentions for mobile
entertainment usage (Leong et al., 2013), mobile technology for hedonic scenarios (Abad et
al., 2010), payment services through mobile devices (Jaradat & Al-Mashagba, 2014), and

mobile commerce technology (Faqih & Jaradat, 2015).
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3.2.8 Diffusion of Innovation Theory (DOI)

According to Rogers (2003), the Diffusion of Innovation (DOI) model describes how
innovations are diffused within society and how organizations and individuals adjust to new
innovations. Rogers provides an explanation of how the diffusion process and the adoption
process are different from each other. The diffusion process takes place in a society and is a
group process. On the other hand, the adoption process is related to an individual. As per
Rogers (2003, p. 474), diffusion can be described as a process where an innovation is
communicated over channels to the members in the social system, whereas adoption is a
process by which an innovation can be fully utilized only when the best course of action is

present.

Rogers (2003) considers that there are four factors present in the diffusion of innovation
theory: innovation-decision process, innovation characteristics, adopter characteristics, and
opinion leadership. The DOI model of the innovation decision process has five stages, and is
shown in Figure 8. The model shows the different stages that an individual or someone

making a decision should go through in the process of adopting or rejecting an innovation.

1. Knowledge: An individual or someone making a decision learns about the existence
of an innovation and then makes sense about how it functions.

2. Persuasion: The characteristics of the innovation give rise to favourable or
unfavourable attitudes on the part of the potential adopter.

3. Decision: The individual takes part in activities that lead to either adopting the
innovation or rejecting it. This also includes confronting forces who support the

influence or oppose the process.
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4. Implementation: An individual decides to use an innovation. This happens due to
overt behaviour change when a new idea is implemented.
5. Confirmation: The decision is adopted or rejected. The user reflects on the innovation

and can even change the decision if problems occur.

This image has been removed due to copyright restrictions. Available online from

[https://books.google.com.au/books?hl=en&lr=&id=v1ii4QsB7jIC & oi=fnd &pg=P

R15&dqg=Diffusion+of+Innovations+&ots=DL_vxMSn6V &sig=ZARkHuE4haHP
ISUglm42JV Jgrb4#v=onepage&q=Diffusion%200f%20Innovations&=false

Figure 8: The Innovation-Decision Process Model

(Rogers, 2003)

Many researchers have emphasized the limitations of the DOI theory. For example, the DOI
theory, in terms of the information systems discipline, is mainly a descriptive tool. Its
explanatory power is weak and in particularly itis not very useful when it comes to predicting
outcomes and giving guidance to speed up the rate of adoption (Clarke, 1999). Further
limitations are the extent to which DOI theory can generate refutable hypotheses, and a
concern that many elements of the theory are culturally specific to North America in the

1960s, making this theory less relevant in other countries (Clarke, 1999).

Attewell (1992) points out that the DOI theory focuses on innovation demand, whereas it
should focus on innovation supply. The demand-oriented view assumes that adoption will

occur at a rate monitored by the spread of knowledge about the innovation, which is governed
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by the time it takes for the adopters to hear about the adoption benefits. However innovation
suppliers will also have an impact on diffusion because their marketing and educational

initiatives target specific businesses, which doesn’t give other firms the chance to adopt it.

3.2.9 Unified Theory of Acceptance and Use of Technology (UTAUT)

Venkatesh et al. (2003) drew on several previous models to develop the Unified Theory of
Acceptance and Use of Technology (UTAUT), which has become a popular framework for
general technology acceptance models. As compared to the acceptance models explained
earlier, UTAUT attempts to explain both a user’s intention to use an information system and
the use behaviour that follows from that intention. The model has been produced in such a
way that it gives a more complete picture of the acceptance process than was possible with

the previous individual models (Venkatesh et al., 2003).

Eight models used in the information systems field were integrated to create UTAUT. All of
these models had their foundation in psychology, sociology and communications. The
models include TRA, TPB, TAM, TAM2, Motivation Model (MM), Model of PC Utilization
(MPCU), DOI and SCT. Previous models used a variety of variables to model user
behaviour. UTAUT uses the conceptual and empirical similarities of the previous models to
create a unified set of four external variables: performance expectancy, effort expectancy,
social influence and facilitating conditions. In addition, the model includes four moderating

factors: gender, age, experience, and voluntariness. Figure 9 shows the model.
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This image has been removed due to copyright restrictions. Available online from
[https://www_jstor.org/stable/30036540?seq=1]

Figure 9: UTAUT model
(Venkatesh et al., 2003)

Venkatesh et al. (2003, pp. 447-453) describe the four UT AUT predictors as follows:

1. Performance expectancy is the belief of an individual that when they use the system,
it will benefit them in job performance.

2. Effort expectancy is the ease of using a system for an individual.

3. Social influence is as an individual’s perception that others feel it is important that
they make use of the system.

4. Facilitating conditions is an individual’s belief that the organizational and technical

infrastructure exists to support system usage.

In the UTAUT model, performance expectancy (PE) encompasses constructs from previous
models such as perceived usefulness, extrinsic motivation, job-fitness, relative advantage,
and outcome expectations. In validation studies (Venkatesh et al., 2003), PE was found to

be the strongest predictor of intention of behavioural intention (Bl), and was moderated by
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gender (stronger for male workers) and age (stronger for young workers) but not by

experience or voluntariness.

Effort expectancy (EE) in the UTUAT model captures the notions of perceived ease of use
and complexity. In validation studies, EE was moderated by gender (stronger for female
workers), age (stronger for older workers), and experience (stronger during earlier adoption
and weaker as practice increases and users become more comfortable with the system).
Voluntariness was not important during early stages of system use and is not considered a

moderator.

Social influence (SI) in the UTAUT model includes concepts from previous models such as
subjective norm, social factors and image. It is influenced by consideration of the person’s
perception of the opinion of others, the reference group’s subjective culture, interpersonal
agreements with other people, and the degree of perceived use of an innovation to enhance
the status of a person in a social system (Venkatesh et al., 2003). In the validation tests,
social influence was moderated by gender (stronger for female workers), age (stronger for
older workers), experience (its influence was greater when in the early stages of adoption)

and voluntariness (its influence was greater when use was voluntary).

Facilitating conditions (FC) in the UTAUT model includes organization support, perceived
behavioural control, facilitating conditions and compatibility from prior models. Note that,
unlike earlier models such as TAM, FC is modelled as influencing use behaviour (UB) rather
than behavioural intention. The model validation results showed that the effect of FC on UB

was moderated by age (stronger for older workers), and experience (stronger during advancer
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stages of system use), but not by gender. Voluntariness was not important in the initial

system usage period and is not considered a moderator.

Venkatesh et al. (2003) report that the UTAUT model was able to account for 70 % of the

variance found in usage intention, which is considerably better than earlier models.

3.3 Summary

A review of the literature shows that ATs are important for visually impaired students in
education. However, there are barriers to extensive use and adoption of such technologies.
Therefore, it is necessary to examine the potential factors that influence the use of AT for
those visually impaired students in order to increase AT adoption. Although many have
studied use of assistive technology in education and identified technological or systemic
barriers to its adoption, few have considered the role that student attitudes play in acceptance
of the technology, and none have explicitly examined the Saudi context, where specific

community and cultural factors are in play. This research addresses that gap.

UTAUT is a widely used technology adoption and acceptance model that can be used to
examine factors affecting the acceptance of the technology. It has been used in many studies
in the e-learning field as a basic theoretical model for investigating the behaviour of students
in technology usage, and has also been reported to explain more variance in usage intention
than other models. Therefore, UTAUT has been selected as the most suitable model for
examining the students’ behaviours towards AT. However, there is a need to expand the
UTAUT model in order to examine AT-specific factors identified in the literature:

accessibility, self-efficacy, anxiety and attitude.

56



Chapter 4 : Research Model and Hypotheses

4.1 Introduction

A variety of models have been developed to explain the factors that promote or hinder the
acceptance of assistive technology. The literature review chapter reviewed these models,
including the Theory of Reasoned Action (TRA) (Ajzen & Fishbein, 1975), the Technology
Acceptance Model (Davis, 1989), the Diffusion of Innovations Theory (Rogers, 1995) and

the Unified Theory of Acceptance and Use of Technology (Venkatesh et al., 2003).

The research model employed in this research was based on the Unified Theory of
Acceptance and Use of Technology (UTAUT) (Venkatesh et al., 2003). The UTAUT model
is used as a theoretical driver for this study. The original model, measurements, and analyses
of Venkatesh et al. (2003) will be followed as closely as possible in terms of reliability,
validity, correlations, factor analysis, and structural equation modelling. However, an
amended version of the UTAUT will be used to suit the context of the study and to achieve

its aim.

4.2 Research Conceptual Model

A theoretical framework is used to establish the relationships connecting variables. A
systematic framework can be specifically designed to test any hypotheses with an ability to
draw inferences linking study participants to actual populations (Creswell, 2009). According
to VanderStoep and Johnson (2008, p. 4), theoretical models are “sets of organizing

principles that help researchers describe and predict events”.
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The first widely used technology adoption model was Davis’s Technology Adoption Model
(TAM) (Davis, 1989; Davis et al., 1989). Davis’s model was developed for broad application
including cultural (Straub et al., 1997) and social (Malhotra & Galletta, 1999) spheres. TAM
2 was developed in response to TAM by Venkatesh and Davis (2000). Suebsin and Gerdsri
(2009) described TAM 2 as a validation of the original model with the addition of factors
pertinent for cognitive instrumental processes and social influences. Following the expansion
of additional factors, Venkatesh et al. (2003) merged all existing versions of the original
model and formulated them into the Unified Theory of Acceptance and Use of Technology
(UTAUT). UTAUT incorporates four behavioural intention and usage factors: performance
expectancy, effort expectancy, social influence, and facilitating condition. Additionally, four
moderator factorsare included: gender, age, experience, and voluntariness of use. The unified
model has been successfully used and tested, including in research undertaken by Anderson

and Schwager (2004) and Wills et al. (2008).

The UTAUT framework was chosen as the basis of this study because of its widespread and
successful use in modelling technology acceptance. According to its authors (Venkatesh et
al., 2003), UTAUT is one of the most successful theories to explain variance in the intention
to use technology, in that it can explain 70% of the variance in technology usage intention
whereas the best of the earlier theories on which it is based can explain only 53% of the
variance. Moreover, many studies have proven its validity and reliability in the acceptance

of technology in various fields (AlAwadhi & Morris, 2008).

However, although UTAUT has been used to study technology acceptance in a range of

contexts it is not specifically designed for investigating acceptance of assistive technology
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(AT). Itis likely that acceptance of AT would be at least partially explained by a general-
purpose model such as UTAUT, but it is also likely that such a model could not take into
account the specific needs of disabled users and the particular characteristics of assistive
technology. Indeed, as discussed in Chapter 3, previous studies have found that barriers to
successful use of AT often arise from user-acceptance factors that are not explicitly modelled

in UTAUT.

For this reason, this study uses an extended version of the UTAUT framework, adapted to
suit the context of the study. Specifically, the moderating factor voluntariness of use was
omitted as using Assistive Technology (AT) is voluntary in Saudi universities, and additional
factors were added to broaden the perspective of UTAUT to acceptance of AT: accessibility,
self-efficacy, anxiety, and attitudes relating to technology usage. Figure 10 shows the
conceptual model of this research, named Acceptance for Visually Impaired Students in
Saudi Arabia (AVISSA). Since the added factors relate to characteristics of users themselves,

they are modelled as influencing behavioural intention (BI).
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UTAUT Factors )

Additional Factors

Figure 10: Conceptual research model
4.2.1 Original UTAUT Factors

Use Behaviour (UB)

Use Behaviour (UB) is defined as a user’s actual use of a specific system (Ong et al., 2008).
According to Ajzen and Fishbein (1980), the use behaviour is dominated by behavioural
intention (BI). In the UTAUT model, the direct influence of behavioural intention on use
behaviour has been tested and validated during the development of the UTAUT model

(Venkatesh et al., 2003).



Behavioural Intention to Use AT (BI)

Behavioural intention (BI) is defined as “the person's subjective probability that he or she
will perform the behaviour in question” (Ajzen & Fishbein, 1975, p. 288). As confirmed in
many research studies, the behavioural intention to use technology have a positive and direct
influence on usage behaviour (Venkatesh & Brown, 2001; Venkatesh et al., 2003). Also,
Irani et al. (2009) state that the majority of technology adoption research has used behavioural
intention to predict technology adoption. In addition, the relationship between the
behavioural intention to use a technology and actual usage is well established and both could
be used to measure technology acceptance (Ajzen, 1991; Mathieson, 1991; Sheppard et al.,

1988; Taylor & Todd, 1995; Venkatesh & Morris, 2000).

Performance Expectancy (PE)

Performance expectancy (PE) describes an individual’s perception of the degree to which

they believe technology usage will aid them in task performance (Venkatesh et al., 2003).

PE is measured using items originating from the Diffusion of Innovation Theory (Rogers,
2003), Social Cognitive Theory (Compeau & Higgins, 1995) and the Model of PC Utilization
(Thompson et al., 1991). However, PE’s four items are very similar to the six items
comprising TAM (Davis (1989). Consequently, this makes UTAUT’s PE essentially

equivalent to TAM’s degree of perceived usefulness.

Most research using UTAUT, such as studies by Al-Gahtani et al. (2007), Venkatesh and

Zhang (2010), and Chu (2013), confirm that PE is significantly related to behavioural

61



intention. However, there have been a few studies involving UTAUT that have not found PE

to be a determinant of behavioural intention (Isabelle & Sandrine, 2009).

UTAUT has hypothesised that age and gender, particularly young men, moderate PE and

behavioural intention (Venkatesh et al., 2003).

Effort Expectancy (EE)

Effort expectancy (EE) is defined by Venkatesh et al. (2003) as the degree of ease linked to

technology usage.

EE’s four measurement items originate in TAM (Davis (1989). The same measurement items
are common to Rogers (2003) qualitative Theory of Diffusion of Innovation. Consequently,
UTAUT’s EE’s measurement items are essentially equivalent to TAM’s perceived

usefulness.

While several studies, including (Al-Gahtani et al., 2007), Venkatesh and Zhang (2010), and
Chu (2013), have supported EE as a behavioural intention determinant, some studies
involving UTAUT have not supported EE as a behavioural intention (Isabelle & Sandrine,

2009; Schaupp et al., 2009).

UTAUT has hypothesised age, experience and gender, particularly less experienced younger

women, moderate EE and behavioural intention (Venkatesh et al., 2003).

Social Influence (SI)

Social influence (SI) is defined by Venkatesh et al. (2003) as “the degree to which an

individual perceives that important others believe he or she should use the new system”. Its
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four measurement criteria originate in the two-item subjective norm within the Theory of
Planed Behaviour (Ajzen & Fishbein, 1975) together with PC Utilization’s four social factors

(Thompson et al., 1991).

While several studies, including Al-Gahtani et al. (2007), Venkatesh and Zhang (2010), and
Chu (2013), support Sl as a behavioural intention determinant, some studies involving
UTAUT reported that SI was not a determinant of behavioural intention (Martins et al.,

2014).

UTAUT has hypothesised age, experience, and gender, particularly less experienced older
women in mandatory settings, moderate SI and behavioural intention (Venkatesh et al.,

2003).

Facilitating Conditions (FC)

Facilitating conditions (FC) are defined by Venkatesh et al. (2003) as the degree to which a
person perceives that an organisation and its technical infrastructure is committed to

supporting technology usage.

UTAUT’s final scale consists of four items drawn from the PC Utilization model (Thompson
et al., 1991), and the Theory of Planned Behaviour (Ajzen, 1991). This highlights the
similarity in scales between UTAUT’s facilitating conditions and TPB’s perceived

behavioural control.

FC was incorporated into modelling as a direct factor affecting behavioural intention and

usage in the DTPB theory, which anticipated that FCs, represented by resource facilitating
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conditions and technology facilitating conditions, ought to attract management attention to

potential barriers obstructing technology usage (Taylor & Todd, 1995).

While several studies, including Al-Gahtani et al. (2007), Venkatesh and Zhang (2010), and
Chu (2013), have identified FC as a determinant of actual behaviour, some research has
reported FC as a determinant of behavioural intention (Martins et al. (2014). In UTAUT the
FC determinant was not found to be a significant predictor of intention but was notable in
deterring usage (Venkatesh et al., 2003). Researchers have suggested inadequate or non-
existent facilitating resources are a barrier to usage and, therefore, negatively impact
intention and usage, while the existence of facilitating resources does not in itself promote
usage (Taylor & Todd, 1995). Nevertheless research has found FCs do measurably impact
internet-based teaching usage (Limayem & Hirt, 2000). In the light of this it is theorised that

FCs are a direct determinant and can be expected to be reflected in usage behaviour.

UTAUT hypothesised that moderating factors shaping the relationship between FC and
actual behaviour exist in the form of user’s age and experience, with notable influence seen
in technology users who are older and have more technology experience (Venkatesh et al.,

2003).

4.2.2 Additional Factors

Although some of the AVISSA additional factors have been incorporated in previous
technology adoption models (for example, attitude to technology was included in TRA and
TAM, and self-efficacy was included in TAM3), none of them appear in UTAUT. However,

the current study is concerned with AT acceptance and these factors have previously been
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found to have a strong effect on the disabled users' intention to use the assistive technology

as discussed in the literature review.

Accessibility (AC)

According to Culnan (1984), usage behaviour is influenced by a potential user’s perception
that the device is physically accessible to them in tandem with the degree to which they
believe they will be able to access the desired information. Culnan identifies two separate
dimensions that must coexist: physical accessibility, and information accessibility. Together,
these factors shape users’ attitude to new technology. Physical accessibility describes the
user’s physical access to the device, such as a computer, phone, tablet and internet access, or
their technical expertise or assistive technology for those with specific electronic
requirements, such as visually impaired users. Information accessibility defines the degree to
which the user is able to obtain information. This includes skills such as finding and
navigating websites and using digital features that they may discover, such as audio and

formatted files.

Culnan’s research is supported by other academic findings that have demonstrated the degree
to which accessibility affects user behaviour. Examples include Karahanna and Limayem
(2000), who found that email usage was influenced by information accessibility. Similarly,
(Teo et al., 2003) found that virtual learning community engagement was influenced by
information accessibility. Yuan et al. (2011) similarly demonstrated that the ease of online
resource access was linked to an employee’s decisions to retrieve work related information.

Furthermore llie et al. (2009) highlighted information accessibility together with physical
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accessibility of online resources affected the degree to which a physician referred to

electronic medical health records.

Although Culnan’s accessibility variables have been demonstrated to affect users’
perceptions regarding usefulness and/or usability (Karahanna & Limayem, 2000; Teo et al.,
2003), these variables have not yet been tested for visually impaired users. Moreover,
accessibility can be an important variable affecting the acceptance of AT. In instances where
digital information is not easily accessible for sighted readers, it is likely to be even more
difficult for visually impaired users. Consequently, this may discourage them from even
trying to use technology and dampen their enthusiasm accordingly. Therefore, Culnan’s
accessibility variables (Culnan, 1984) have the potential to provide a more detailed insight

into the acceptance behaviour of users with visual impairments.

Physical accessibility was found to also influence the acceptance and usage of electronic
messaging systems (Rice & Shook, 1988). Karahanna and Straub (1999) claimed physical
accessibility of electronic messaging systems was also determined by the ease of usage.
These studies’ findings suggest that the inclusion of information accessibility sub-dimensions
within our model as independent constructs may result in the provision of more useful

explanations for user behaviour.

Self-Efficacy (SE)

Self-efficacy (SE) relates to a user’s own perception of competence in relation to performing
a specific behaviour (Bandura, 1977). Venkatesh and Bala (2008, p. 279) define computer

SE as “the degree to which an individual believes that he or she has the ability to perform a

66



specific task/job using the computer”. SE as a construct is of relevance to the IT sector based

on concepts expounded in Bandura’s Social Learning Theory (Bandura, 1977).

Itis widely appreciated that SE represents a notable predictor of computing behaviour leading
to it shaping a user’s behavioural intention (Downey, 2006; Hwang & Yi, 2002). SE interests
researchers and IT professionals alike owing to its ability to motivate end-users, particularly
in relation to training and acquiring new skills (Downey, 2006). Higher rates of SE are
anticipated to manifest in higher degrees of behavioural intention and overall IT usage
(Compeau & Higgins, 1995). This belief is evident in Taylor and Todd (1995) who state in
the Decomposed Theory of Planned Behaviour (DTPB) that self-efficacy is an observable
contributor of perceived behavioural control while simultaneously being a notable
behavioural factor influencing both intent to use and actual usage. Training is one of this
determinant’s focus points with an apparent emphasis on SE, as it is an obvious significant
contributor towards the acceptance of technology. Venkatesh et al. (2003) found computer
SE influenced behavioural intention to an insignificant degree. Meanwhile, several studies,
including those of Venkatesh and Davis (1996), Abbad et al. (2009), Davis (1989), Park
(2009), concluded SE was a significant behavioural intention determinant, owing to its
influence over perceptions on ease of use. Contradicting these studies, SE was found to
represent no significant influence over behavioural intention in research by Motaghian et al.

(2013), Ong et al. (2004), and Park (2009).

However, academic research has linked computer SE to behavioural intention across a
spectrum of technological domains. For example, Al-Gahtani (2016) concluded computer SE

was a notable predictor of perceived ease of use relating to e-learning. According to Fagih
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and Jaradat (2015), improved SE leads to higher perceptions of ease of use by mobile-
commerce customers. Within the medical sphere, research by Chang and Im (2014)
concluded computer SE is a factor that indirectly influences the behaviour of professionals

sourcing digital health information owing to perceptions of ease of use.

Almazroi (2017) found that a student who is highly self-confident in his or her use of cloud
computing in learning could lead to increases in his or her adoption of cloud applications.
Therefore, it is expected that students highly self-confident in their abilities to use AT in their

study will lead to increases in their adoption of AT.

Anxiety (AN)

Computer anxiety is an important variable that can affect behavioural intention through its
effect on shaping perceptions of a technology's ease of use. (Venkatesh, 2000). Venkatesh
(p. 349) defines computer anxiety as “an individual’s apprehension, or even fear, when she/he
is faced with the possibility of using computers”. Negativity towards computers in general
affects an individual’s willingness to use various digital technologies. While computer
anxiety has been the subject of significant psychological and information system (IS)
research (Anderson, 1996; Elasmar & Carter, 1996; Igbaria & Chakrabarti, 1990), before its
incorporation into TAM, Venkatesh (2000) continued to see a need for further studies owing
to the ubiquitous use of computers for both professional and private use. Because anxiety is
generally regarded as an unwelcome psychological state of mind, its connection to computer
usage may potentially negatively impact the adoption and usage of technology. Computer
anxiety is likely to have various causes including lack of confidence in computer skills and

preferences for more traditional teaching methods.
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TAM3 incorporated Venkatesh’s hypothesis that computer anxiety represents a negative
influence over perceived ease of use. The hypothesis appeared to confirm that computer
anxiety negatively impacted perceived ease of use. In addition, Al-Gahtani (2016) confirmed
these conclusions in an e-learning environment. Additionally, other studies also identified
computer anxiety as a notable determinant shaping behavioural intention owing to its

influence over perceived ease of use.

Consequently, it should be expected that the psychological discomfort felt by students who
experience computer anxiety may overflow into diminished preparedness to use technology.
As a result, this research postulates that computer anxiety will negatively impact the

behavioural intention of students in regards to using assistive technology.

Attitude toward Using Technology (ATT)

Venkatesh et al. (2003) describes attitude towards using technology as the individual’s
personal affective reaction regarding a technological system’s usage. Attitude represents a
person’s positive or negative feelings towards specific behaviour (Klopping & McKinney,
2004; Krishnan & Hunt, 2015). TRA and TAM both suggest that attitudes represent a notable
predictor of behavioural intent, which consequently represents a predictor of behaviour

(Davis et al., 1989; Krishnan & Hunt, 2015).

Asianzu and Maiga (2012) extended TAM’s model with identified attitude as a significant
factor in regulating the relationship connecting perceptions of usefulness and ease of use in

relation to behavioural intention. This study also evaluated other constructs such as trust and
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perceptions relating to security, based on their identification as important influencers of

attitude in numerous studies such as those of Colesca (2009) and Khalil (2014).

Taylor and Todd (1995) found attitude towards technology usage played a significant and
direct role in shaping behavioural intent. However, more specifically, Venkatesh et al. (2003)
considered attitudes relating to technology usage were specific to individual systems.
According to Taylor and Todd, users typically apply specific criteria to innovations when
evaluating indirect benefits of technology usage before considering the individual properties
of specific technology. It was found that individuals who harboured negative attitudes
towards technology typically viewed new technology negatively, while those who were
generally positive towards technology regarded it positively. Similarly, Tan and Teo (2000)
concluded that attitude influences actual system usage by shaping behavioural intention.
Other studies including those of Asianzu and Maiga (2012) and Colesca (2009) arrived at a

similar conclusion.

4.3 AVISSA Factors and Hypotheses

This section defines the factors of the AVISSA conceptual model and the hypotheses to be
tested by the model. The “visually impaired student” in the following definitions refers to a

visually impaired student studying in a Saudi university.
Use Behaviour (UB): a visually impaired student’s actual use of an assistive technology.

Behavioural Intention (Bl): The subjective probability of a visually impaired student

performing the behaviour of using AT.
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The hypothesis relating UB and Bl is as follows:

H9 Behavioural intention (BI) will have a significant positive influence on use behaviour (UB).

Performance Expectancy (PE): the degree to which a visually impaired student believes

that using assistive technologies will help attain gains in study performance.

Hypotheses related to PE are as follows:

H1 Performance expectancy (PE) will have a significant positive influence on behavioural intention

to use assistive technologies (Bl).

Hla PE-BI will be stronger for younger users than older users.

Hi1b PE-BI will be stronger for males than females.

Effort Expectancy (EE): the degree of ease associated with the use of the assistive

technologies for a visually impaired student.

The hypotheses related to EE are as follows:

H2 Effort expectancy (EE) will have a significant positive influence on behavioural intention to use

assistive technologies (BI).

H2a EE-BI will be stronger for older users than younger users.

H2b EE-BI will be stronger for females than males.

H2c EE-BI will be stronger for inexperienced users than experienced users.
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Social Influence (SI): the degree to which a visually impaired student perceives that most
people are important to him or her think he or she should use the assistive technologies in

their study.

Hypotheses related to Sl are as follows:

H3 Social influence (SI) will have a significant positive influence on behavioural intention to use

assistive technologies (BI).

H3a SI-BI will be stronger for older users than younger users.

H3b SI-BI will be stronger for females than males.

H3c SI-BI will be stronger for inexperienced users than experienced users.

Accessibility (AC): the degree to which a visually impaired student has the ability to

access and use assistive technology.

Hypothesis related to AC are as follows:

H4 Accessibility (AC) will have a significant positive influence on behavioural intention to use

assistive technologies (BI).

Self-Efficacy (SE): the degree to which a visually impaired student believes that he or she

has the ability to perform a specific task using AT.
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The hypothesis related to SE is as follows:

H5 Self-efficacy (SE) will have a significant positive influence on behavioural intention to use

assistive technologies (BI).

Anxiety (AN): the degree of a visually impaired student’s apprehension, or even fear, when

he or she is faced with the possibility of using AT.

The hypothesis related to AN is as follows:

Anxiety (AN) will have a significant negative influence on behavioural intention to use assistive

H6
technologies (BI).

Attitude Toward Using Technology (ATT): a visually impaired student’s positive or

negative attitude about using an AT.

The hypothesis related to ATT is as follows:

Attitude toward using technology (ATT) will have a significant positive influence on behavioural

H7
intention to use assistive technologies (BI).

Facilitating Conditions (FC): the factors in the environment that facilitate the use of ATs
by a visually impaired student. This is measured by the perception of being able to access
required resources, as well as the ability to obtain knowledge and the necessary support to

use the AT.
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The hypotheses related to FC are as follows:

H8 Facilitating conditions (FC) will have a significant positive influence on use behaviour (UB).

H8a FC-UB will be stronger for older users than younger users.

H8b FC-UB will be stronger for experienced users than inexperienced users.

4.4 Summary

The model developed for this study was built using the UTAUT model with modifications
derived from previous theories in the field of acceptance of technology. The modifications
were made in order to suit the context of the study: the acceptance of AT by visually impaired
students in Saudi universities. The suitability of this model for the context will be verified

through data collected and analysed using precise statistical steps, as described in Chapter 5.
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Chapter 5 : Research Methodology

5.1 Introduction

The research methodology of this study endeavours to develop and validate a modified
UTAUT procedure tailored to the adoption of assistive technology in the Saudi Arabian
context. This chapter explores this study’s adopted research methodology in greater detail.
Muthuviknesh and Kumar (2014) defines the term research method as “A systematic way to
solve a problem. It is the science of studying how research is to be carried out. Essentially,
the procedures by which researchers go about their work of describing, explaining and
predicting phenomena are called research methodology”. Contained in this chapter is a
presentation of this study’s research paradigm, research design structure, the approach taken
to research, data collection methods, data analysis procedures, validation and verification

studies and considerations relating to data validity and ethics.

5.2 Research Paradigm

Deshpande (1983, p. 101) defines research paradigm as “a set of linked assumptions about
the world which is shared by a community of scientists investigating that world”. Kuhn
(2012, p. 175), has defined a research paradigm as “a set of values and techniques which is
shared by members of a scientific community, which acts as a guide or map, dictating the
kinds of problems scientists should address and the types of explanations that are acceptable
to them”. In summary, research paradigms encompass a study’s core issues, hypotheses and
the methods employed to generate the data and reach findings (Neuman, 2014). Effective

implementation of a research paradigm can be expected to produce results where “the
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empirical data is connected in a logical sequence to a study’s initial research questions and

to its conclusion” (Al-Busaidi, 2012, p. 61).

Within the sphere of information systems (1S), empirical studies incorporate three principle
research paradigms: (1) positivism, (2) interpretivism, and (3) critical social theory (Galliers,
1991; Orlikowski & Baroudi, 1991). According to Neuman (1997), few IS studies
incorporate critical social theory. Therefore, this section relates to positivism and
interpretivism exclusively. Positivist studies employ quantitative methods when testing
hypotheses and seek to discover factors of an external nature or fundamental laws relevant
to the research. Interpretivist studies employ qualitative methods in order to comprehend the
phenomenon under study (Al-Hadidi, 2010). Regarding its status as a research philosophy,
positivism presumes the subject or behaviour under study genuinely exists and external
observers are physically able to measure them (Pervan, 1994). In contrast to positivism,
interpretivism, according to Al-Hadidi (2010), addresses human opinions regarding social

life. Table 5 shows the principle differences between these paradigms presented by Neuman.
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Table 5 Main differences between positivism and interpretivism (Neuman, 1997, p. 83)

This image has been removed due to copyright restrictions. Available
online from [http://letrunghieutvu.yolasite.com/resources/w-lawrence-
neuman-social-research-methods_-qualitative-and-quantitative-
approaches-pearson-education-limited-2013.pdf]

In order to guide and justify a study’s chosen research procedures, researchers are required
to identify the research paradigm best suited to achieving the desired outcomes (Creswell,
2009). Within IS research positivism is commonly used. As an example 97% of IS studies
during the 1980s incorporated the positivist paradigm (Orlikowski & Baroudi, 1991). Phillips
and Burbules (2000) outline the following specific assumptions which positivist studies

incorporate:

1. Positivist research does not confirm a hypothesis; it finds that the hypothesis cannot

be refuted.

2. Positivist research frequently begins with testing the theory.

3. Positivist studies use instruments to collect participant data.
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4. Positivist research focuses on relationships linking factors and challenges them with

hypothesis and questions.

5. Positivist studies seek to achieve unbiased accuracy through an emphasis on validity

and reliability.

This research aims to study and assess specific factors which influence the acceptance of AT
by Saudi Arabian university students who possess a visual impairment. Due to the nature of
the study, seeking to directly observe a phenomenon by studying its individual components,
a positivist paradigm was adopted (Krauss, 2005). Despite it being normal for positivist
studies to utilise quantitative methods, this research employed a mixed methods approach.
The data collection procedure commenced with quantitative research constituting
participants completing a questionnaire. As this form of quantitative research is less open to
interpretation, it is considered to carry more weight than qualitative methods of data
collection. The next phase of data collection was qualitative, involving semi-structured
interviews designed to confirm, interpret, justify, explain and expand on answers to allow a
more comprehensive understanding of results than those produced through quantitative
approaches. A mixed methodology can potentially provide an opportunity to delve into and
elaborate on unexpected results which are frequently the consequence of people expressing

opinions based on personal perceptions.
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5.3 Research Approach

5.3.1 Mixed Methods

As mentioned previously, this research uses a mixed-methods approach in order to
accomplish the study’s objectives. Creswell (2014) describes mixed-methods inquiry as an
approach which utilises both quantitative and qualitative data collection methods. He
describes how it integrates both sets of data and uses distinctive designs which require

philosophical assumptions and theoretical structures.

The significant advantages of using mixed-method designs over the exclusive use of
quantitative or qualitative methods on their own, have led to its popularity in recent times
(Creswell, 2014). Utilising only one research method in a study may restrict understanding
of the topic under study (Babbie, 2007). Numerous academic researchers including Creswell
(2009), Mertens (2010) and Saunders et al. (2007) advocate the adoption of mixed methods
as a means to overcome the limitations imposed through single-method designs. By
combining elements of both quantitative and qualitative research methodologies, mixed-
methods designs strengthen the findings™ validity and have the potential to improve the

researcher’s understanding of the results they arrived at (Al-Hadidi, 2010; Alsaghier, 2010).

Mixed-methods designs typically have greater in-built strength than single method designed
studies, owing to the use of multiple data collection methods enabling researchers to obtain
more data, of varying types, which may enable understanding the research problem to a
greater extent. Armed with a deeper insight into the research problem, the researcher has an
improved chance to satisfactorily answer the study’s research questions (Creswell & Clark,

2011). Creswell (2009) believes that the ultimate advantage of mixed-methods approaches is
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the ability for the researcher to select the best aspects of both quantitative and qualitative
methodologies. Doing so enables the researcher to conduct their study with a wider range of
data originating from different sources collected through different means (Bonoma, 1985).
Nevertheless in addition to the advantages of mixed-methods research, there are also
obstacles caused by this approach, which depend on the precise nature of the approach taken
but may include the researcher’s needing to possess different skill sets, the need for possible

resources and that it may be more time consuming (Creswell & Clark, 2011).

According to Creswell (2009), mixed-methods designs include a variety of research
strategies, including sequential explanatory strategies, sequential exploratory strategies,
sequential transformative strategies, concurrent triangulation strategies, concurrent
transformative strategies and concurrent embedded strategies. Sequential strategies use the
different methods in sequence, with the first method providing primary data and the second
providing an opportunity to follow up on results from the data. Concurrent strategies use the
methods alongside each other, allowing the researcher to compare results obtained from two

different perspectives.

Cresswell suggests that the sequential explanatory strategy is most appropriate where an
existing model is being tested in a new context; a quantitative approach is used to gather data
about the performance of the model and a qualitative approach is used to explore findings
obtained from the quantitative study. Conversely, the sequential exploratory strategy is most
appropriate where the emphasis is on developing a model for an area about which little is
currently known; a qualitative study is used to gather data from which a model can be

devised, and a quantitative study is used to investigate the accuracy of the proposed model.
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In principle, this study could have used either the sequential explanatory approach (since it
is based on applying the existing UTAUT model to a new context) or the sequential
exploratory approach (since little work has previously been done that focusses specifically
on acceptance of assistive technology). The decision was made to use the explanatory
approach because it was felt that UTAUT model, augmented by adding factors that had been
found in previous research to influence use of AT, provided a solid foundation for the
investigation and would enable the effect of the new factors on AT acceptance in the study
context to be determined. Creswell suggests that this approach provides a highly structured

method to confirm hypotheses about a specific phenomenon (Creswell, 2009).

In line with the sequential explanatory strategy, the initial quantitative study was designed to
gather data about the performance of the extended UTAUT model. Initially, the plan for the
subsequent qualitative study was to validate conclusions about the findings of the quantitative
study. However, as will be discussed in Chapter 6 the quantitative study produced unexpected
results, so the qualitative study was reoriented to seek explanations for these unexpected
results and to provide a deeper insight into the study participants’ perspectives. Indeed, one
reason why a sequential explanatory strategy is frequently used is because it is particularly

helpful when results are unexpected in nature (Creswell, 2009).

5.4 Research Design

A research design can be defined as a progression of choices that, in general, represent a
methodology for providing answers to the research inquiries and testing the theories. Backing
this manner of consideration, Cavana et al. (2001) perceives research design as an organized

arrangement of objective decision-making alternatives, or rules, to help with creating valid
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and dependable research outcomes. A research design in a positivist context encompasses
choices as regards the selection of data accumulation approaches, and concerning scaling and
measurement strategies, tests, instruments, and data assessment (Cavana et al., 2001). An
appropriate research design ought to ensure that the data acquired is significant to the
research issue, and that an objective strategy was used to gather them. According to Creswell
(2009), research design is “a plan or proposal to conduct research, which involves the
intersection of philosophy, strategies of inquiry, and specific methods”. Bryman and Bell
(2015, p. 49) adds that “a research design provides a framework for the collection and
analysis of data”. As already explained this research employs a positivist paradigm with a
mixed methods data collection approach, utilising quantitative methods in the form of
questionnaires and a qualitative method, being a semi-structured interview. This reflects a

sequential explanatory design.

Figure 11 illustrates this study’s research design which involved four stages:
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Figure 11: Research Design
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5.4.1 Stage 1

Stage 1 was to conceptualise the study’s topic. By completing a research background and
literature review, a researcher gains knowledge which earlier studies have discovered,
preventing duplication of results and helping to identify gaps in research in order to build on
existing knowledge. The literature review helped decide the determining factors which may
influence the acceptance of assistive technology (AT) by Saudi Arabia’s visually impaired
university students. These factors allowed the identification of the research problem and
guided the design of the central research questions, which aided in building the conceptual
model that incorporates the main components which influence the acceptance of AT. Thisin

turn leads to the hypothesis expressed in the research model.

5.4.2 Stage 2

Stage 2 included the first study, which was a quantitative study to help examine the
relationship between the proposed model's factors by collecting survey responses from
visually disabled student in Saudi universities. This stage aimed to measure the extent of the
factors’ influence on AT acceptance in Saudi Arabia. Data collection included questionnaire
design, sample determination for the survey, a pilot test, and finalisation of the questionnaire

survey. Data analysis included data preparation, descriptive analysis, and testing the model.

5.4.3 Stage 3

Stage 3 included the second study which was a qualitative study in order to gain a deeper
understanding of the results of the quantitative study. The researcher conducted semi-
structured interviews with Saudi AT users and experts to collect data to confirm, interpret,

explain and provide a deeper understanding of the stage 1 data, especially results that did not
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agree with previous research. Data collection procedures included interview design,
validation of questions and the necessary adjustment, and finalisation of interview questions.
Data analysis procedures included data preparation, descriptive analysis, and analysis of

interviews.

5.4.4 Stage 4

Stage 4 involved collecting, comparing and merging the results obtained from the
quantitative and qualitative studies, in order to give a clear picture and clearer interpretation
of the final results. The results were compared with the results of the previous studies, thus
identifying the contributions made by this study to the research community. The final step
was to suggest some solutions for overcoming the factors affecting the acceptance of the AT
through the recommendations made. The future work and the restrictions were mentioned in

this stage as well.

5.5 Quantitative Study

In its broadest definition, quantitative research aims to generate numerical or statistical data
(Al-Hadidi, 2010). According to Creswell (2012, p. 120), “A theory in quantitative research
explains and predicts the probable relationship between independent and dependent
variables”. Research carried out within a positivist paradigm, uses quantitative data collection
methods to gather data from participants (Abunadi, 2012). This results in numerical data
which researchers subject to quantitative analysis seeking to identify relationship factors
which explain the emerging phenomena (Neuman, 1997). As a consequence quantitative
methodologies demonstrate a deductive process (Creswell, 2009; Kanaan, 2009). According

to Creswell (2009, p. 120), studies conducted using quantitative research aim “ to specify
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how and why the variables and relational statements are interrelated.” Owing to the capability
of quantitative data to be carried out with sizeable samples and its ability to be statistically
analysed through computer programming, researchers are able to generalise their findings
and apply them to larger populations with a high degree of accuracy (Aldraehim, 2013). In
summary, studies carried out using quantitative methods to test hypotheses are capable of
demonstrating relationships connecting variables, document and count frequency of
occurrence, and generate descriptive data (Alotaibi et al., 2014). While quantitative
methodologies are ideal for focusing on specific phenomena, particularly in comparison to
qualitative methods (Aldraehim, 2013), they are unable to enlighten upon research questions
involving ‘why’ or ‘what’ is happening (Kanaan, 2009). Quantitative research can describe

how often a phenomena occurs, but cannot necessarily explain why it occurs.

5.5.1 Survey Design

There are many techniques which can be employed in gathering the surveys such as mail
surveys, personally administered surveys (telephone or face-to-face), or online surveys (Fink,
2012; Sekaran, 2003). Every technique comes with its share of benefits and impediments. No
single techniques is the best for all research circumstances, and the choice of an appropriate
technique is dependent upon the qualities of participants, cost, the capability of the scientist,

and the time available (Sekaran, 2003).

An online survey (questionnaire) hosted by Survey Monkey was the method used for the
quantitative study. Alomari (2011) describes a questionnaire as a pre-formulated set of
questions requesting respondents to record answers typically from a set of closely related

alternatives. Research conducted regarding the adoption and acceptance of new technology
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frequently uses questionnaires when seeking to identify influencing factors. Questionnaires
for this purpose are typically inexpensive and require minimal preparation (Abunadi, 2012).
Additionally, particularly where questionnaires conceal the respondents™ identity, they are
likely to generate truthful and forthright answers which may be particularly valuable for the
researcher (Al-Hadidi, 2010). When considering the questionnaire’s content, Balnaves and
Caputi (2001) emphasise that attention should be paid to the fact that the wording of the
question can influence responses. Consequently, researchers ought to pay particular care with
their vocabulary and choice of words. In order to facilitate participant’s responses, questions
should be unambiguous, be direct and wherever possible use simple language, while also
avoiding oversimplification of the questions (Al-Hujran & Al-Dalahmeh, 2011). Cavana et
al. (2001), summarised what they believed to be the sound principles for effective question
design in order to avoid measurement errors. These principles, which have been incorporated
into this study’s research, will be elaborated upon later. In summary they relate to a question’s

content, wording and structure which had the following influence on this research:

1. Question content was minimised with only essential questions designed to solicit
relevant data. Sensitive questions were omitted and there was no repetition of the same
question in a different format. Questions were designed to enable respondents to provide as

brief an answer as possible and not require too much effort on their behalf.

2. Words with multiple or ambiguous meanings were avoided, as were double negatives.
Leading or bias words and phrases were omitted. There were no abbreviations or incomplete

sentences. To minimise confounding effects, questions required participants to respond to
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directions of the form “Please describe how you feel about the following statements - 1 =

Strongly Disagree, 5 = Strongly Agree”.

3. All questions followed a clear and similar structure with two types used; multiple

choice questions and scale questions.

4. In order to minimise the introduction of measurement error in the questionnaire

design, questionnaires were pre-tested and where necessary adjusted accordingly.

According to Hair et al. (2006), Likert scales can be the most suitable tool to use for online
surveys. In addition, Churchill Jr (1979) asserts that Likert scales help researchers to measure
an individual's opinions and attitudes about many social and scientific research issues. Likert
scales were chosen for this study because a scale of this kind can indicate responses from
strongly positive to strongly negative, with a middle score depicting a neutral reaction.
Because of their suitability for research of this kind, Likert scales are the most commonly

utilized scales in data systems research (Sekaran, 2003).

On the Likert scales, the most highly utilized scales are the five and seven-point scales
(Naresh, 2006). For this study a 5-point scale was chosen because, participants find it less
demanding reading out the entire list of scale descriptors (Agree, strongly agree, and so on).

(See Figure 12)

This image has been removed due to copyright restrictions.
Available online from [https://www.conversion-uplift.co.uk/glossary-
of-conversion-marketing/likert-scale/]

Figure 12: 5-point Likert scale
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The questionnaire’s cover page begins with an invitation to participate in the study. The
study’s aims and objectives are summarised while there is also the obligatory ethics
disclosure relating to participants rights concerning their consent. To legitimise the
questionnaire, the university, researcher and supervisor were identified as the study’s

sponsors.

The questionnaire contained three components. The first part contained questions relating to
demographics, the second part related to the UTAUT model constructs and external factors.
The third part provided an opportunity for participants to make comments and invited them

to receive results if so desired, by leaving their email address.

Table 2 shows the measurement items which are adapted from previous studies to suits this
study's context, along with the sources that these items have adapted from. For example the
first item of the variable performance expectancy is: “Using Assistive Technology is useful
for my study”, while it used in the original model as “I would find the system useful in my
job”. To reduce the impact of passive consent and extreme predisposition, some questions contain

inverted responses. Appendix A shows the final draft of the Instrument design.

Table 2: Measurement items

Performance Using Assistive Technology is useful for my study. Davis (1989),
expectancy  Using Assistive Technology enables me to accomplish tasks more Venkatesh et al.
quickly. (2003)

Using Assistive Technology increases my productivity.
If 1 use Assistive Technology, | will increase my chances of getting a
good grade.
Using Assistive Technology wastes my time.
Using Assistive Technology decreases the time needed for my
important study responsibilities.
Effort My interaction with Assistive Technology would be clear and
Expectancy  understandable.
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Vaeriable  ftem  Adaptedfrom

Social
influence

Facilitating
conditions

Attitude
toward
using
technology

Behavioural
intention to
use the AT

Self-efficacy

Anxiety

It would be easy for me to become skilful at using Assistive
Technology.

I would find Assistive Technology easy to use.

Learning to operate Assistive Technology is easy for me.

1 find it easy to use Assistive Technology to get the knowledge that |
want.

| find flexibility when dealing with Assistive Technology.

People who influence my behaviour think that | should use Assistive
Technology.

People who are important to me think that | should use Assistive
Technology.

The staff of the university have been helpful in the use of Assistive
Technology.

In general, the university has supported the use of Assistive
Technology.

I would use Assistive Technology if my friends used them.

The university lecturers are very supportive of the use of Assistive
Technology for my study.

| have the necessary resources to use Assistive Technology.

I have the necessary knowledge to use Assistive Technology.
Assistive Technology is compatible with other systems | use.

A specific person (or group) is available for assistance with Assistive
Technology difficulties.

| have enough experience to use Assistive Technology.

| think that Assistive Technology fits well with my learning style.
Using Assistive Technology is a good idea.

Assistive Technology makes study more interesting.

Studying with Assistive Technology is fun.

| like studying with Assistive Technology.

Using Assistive Technology is boring.

Using Assistive Technology is pleasant.

I intend to use Assistive Technology frequently.

| predict that | will use Assistive Technology in the future.

I predict | will continue to use Assistive Technology on a regular basis.
I plan to use Assistive Technology in my study.

I will do my study activities using Assistive Technology.

I could complete a task using Assistive Technology if there was no one
around to tell me what to do as I go.

I could complete a task using Assistive Technology if | could call
someone for help if | got stuck.

I could complete a task using Assistive Technology if | had a lot of
time to complete it.

I could complete a task using Assistive Technology if | had just the
built-in help facility for assistance.

I will be able to successfully overcome many study challenges by using
Assistive technology.

I am confident that | can perform effectively on many different tasks by
using Assistive Technology.

Compared to other vision impaired students who don't use Assistive
Technology, | can do most tasks very well.

| feel apprehensive about using Assistive Technology.
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Vaeriable  ftem  Adaptedfrom

It scares me to think that I could lose a lot of information using Heinssen,
Assistive Technology by hitting the wrong key. Glass, and

I hesitate to use Assistive Technology for fear of making mistakes | Knight (1987),
cannot correct. Venkatesh et al.
Assistive Technology is somewhat intimidating to me. (2003)

I would be reluctant to use Assistive Technology because I'm not too
familiar with it.

Accessibility | | have easy access to Assistive Technology devices in the university. AlMohaimmeed
Easy access to Assistive Technology devices in many locations in the (2012)
university will help me.

The installation of Assistive Technology devices in my classroomis
important for my success.

Easy access to Assistive Technology devices at home and university is
helpful.

Mobile and portable Assistive Technology devices that | can bring
anywhere will be useful.

Use | want to use Assistive Technology to perform my study activities. Venkatesh et al.

behaviour | frequently use Assistive Technology. (2003)
| use Assistive Technology on a regular basis.

Most of my study tasks were done using Assistive Technology.

5.5.2 Sample Determination

In order to gain a genuinely representative sample, sample determination is critical (Cavana
et al., 2001; Zikmund, 2003). Otherwise, the ability to generalise results is compromised
(Sandelowski, 2000). Sampling is a mechanism by which researchers choose a
questionnaire’s respondents (Alsahli, 2009). The sampling methods and the choice of sample
used in any study is an important factor that will impact on the validity of methods used and

subsequently the results obtained (Balnaves & Caputi, 2001).

This research employed probability sampling more generally known as random sampling, as
it produces an outcome whose results can be generalised for an entire population (Creswell,
2014). Probability sampling is defined as a technique where “each unit (for example persons,
cases) in the accessible population has an equal chance of being included in the sample, and
the probability of a unit being selected is not affected by the selection of other units from the

accessible population (that is, the selections are made independently)” (Teddlie & Yu, 2007).
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For this study, target participants were visually impaired students studying at Saudi Arabian
universities. Due to the nature of this study, a factor which complicated the sampling process
was that not all Saudi Arabian universities were able to specifically identify visually impaired
students. To include the broadest selection of students an investigation of all Saudi
universities was conducted to determine which institutions had a disability support unit, and
then all visually impaired students registered with each such unit were targeted. In addition,
to try to get as many participants as possible a “snowball” procedure (Guba & Lincoln, 1985),
was used in which participants were asked to nominate other potential participants who had
similar status and who may not have been invited to participate in the questionnaire for any
reason. Using these techniques, the number of participants reached can be considered as the
maximum number that satisfy the requirements of the study. Consequently, it is believed
that this study is in a position to generalise the results to the entire target population in the
Saudi context. Nevertheless, given the small size of the target population, the number of
participants is unavoidably small, which can be considered as one of the most important
limitations of this study. The effect of sample size on the validity of results is addressed in

Section 6.1, and limitations of the study are discussed in section 9.7.

To distribute the survey, disability support units at the selected universities were emailed a
link to an online survey, and the head administrator of each of these units then forwarded the
link to potential survey participants, who were identified as visually impaired from their
academic enrolment records. Altogether, the survey was sent to approximately 300 students

in 6 Saudi universities.
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5.5.3 Validity (Pilot Test of the Questionnaire).

Instrument validation is one of the first and fundamental approaches in confirmatory
observational research (Straub, 1989). Usually, people with more experience or expertise in
the field are asked to judge the questionnaire and advise whether the scale items used in the
study have face validity (Bryman, 2008). In this study, the questionnaire was tested in a pilot
study in order to confirm the reliability of the items and the clarity of the questions. Ten
Saudi visually impaired students were asked to answer the online survey. After that, they
answered questions on whether they had any issues in comprehending the survey. In light of
this input, some questions had their wording altered to enhance understanding. Finally, three
Saudi PhD students were asked to critically analyse if the survey questions would precisely
gauge each construct. Alterations were then made to the instrument to resolve the criticism

gotten from the researchers.

5.5.4 Instrument Translation

Sekaran (2003) focused on the significance of picking a survey language that balances the
level of comprehension of the respondents. He said that any questionnaire wording ought to
take into account the educational capability, the use of sayings in the culture, the cultural
background of the respondents. Thus, it is important to phrase the questions in a manner that
could be comprehended by the participants. Erroneous answers will be gotten if a few items
are translated wrongly or not comprehensible to the respondents, and thus answers will be
incomplete. Therefore, the wording and language of the questions asked in any survey must

be appropriate to tap respondents' discernments, dispositions, and emotions.
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Due to the fact that most Saudis are fluent in the Arabic language, survey items were
translated into Arabic. The questionnaire was prepared in English and was translated into
Arabic dialect by a certified translator with over ten years expertise in this field. The
translated document was inspected by the researcher who is a native Arabic speaker.
Appendix B is a facsimile of the Arabic version of the questions contained in the

questionnaire.

5.5.5 Ethical Considerations

Ethical practices make sure that, while respondents are encouraged to answer, they are not
under any pressure to respond in an offensive manner, their confidentiality is guaranteed, and
they are protected from any form of exploitation and misrepresentation (Cavana et al., 2001,

Fink, 2012).

This study adheres to strict ethical guidelines laid out by the Social and Behavioural Research
Ethics Committee (SBREC) of Flinders University. An application for human ethics approval
was submitted and approval was given before the study was started. (Approval No. 7261).
Appendix C shows the final ethics approval and both Arabic and English information sheets.
The application included copies of all survey materials and details of the nature and purpose
of the project, the research procedures and plan, participant recruitment, the disposal and

storage of data, privacy of the participants and the protection of confidentiality.

Saudi universities from which participants were recruited gave their approvals before the
survey was distributed. Additionally, before the first communication to prospective
participants started, an information document explaining the aim of the project and what

would be required from them was given to them. The document guaranteed voluntary
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participation as well as confidentiality and mentioned the possibility of respondents
withdrawing from the research whenever they like without any penalty. Participants were not
offered any financial incentive, and all participants were told that completing the online
survey would be regarded as agreement. All information that might reveal identity was taken
out before subsequent analysis. Any computer-based data and completed questionnaires were

securely saved during this study.

5.6 Qualitative Study

Qualitative methods permit researchers to explore and elaborate on the opinions and
statements of study participants, allowing them to focus on issues most relevant to their
research (Hennink et al., 2010). According to Creswell (2012, p. 300), qualitative research
can be defined as “An inquiry process of understanding based on a distinct methodological
approach to inquiry that explores a social or human problem. The researcher builds a
complex, holistic picture, analyses words, reports detailed views of participants, and
conducts the study in a natural setting.” Essentially, qualitative methods can be considered
to focus on the respondent’s perspective, exploring specific phenomena and enabling an
understanding of this phenomena to determine its importance and relevance to that person in
the context of the research (Hennink et al., 2010; Murray, 1998). Qualitative methods are a
tool which equip researchers with a means to explore specific phenomena to a deeper level
(Gill et al., 2008). According to Green (1999) the majority of qualitative studies address
human behaviour and focus on cultural factors which shape human behaviour and systems

of belief.
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During the course of this research, qualitative methods were used during the stage 3 as a
means to confirm, interpret and explain the quantitative study results in order to gain a deeper
understanding of the observed behaviour. Owing to the fact qualitative research involves
focusing on descriptive data in contrast to statistical data (Punch, 2013), this makes it a
particularly valuable tool in extracting value from questions where ‘why’ and ‘what’ are

involved (Hennink et al., 2010; Khan, 2014; Murray, 1998).

5.6.1 Interview Design

Important and rich information can result from research interviews that may help in
explanation of the quantitative results (Al-Busaidi, 2012), justifying their role as an excellent
tool in comprehending participant behaviour and attitudes (Punch, 2013). As a result
interviews are one of the most frequently employed qualitative research tools used by
researchers (Alfarraj, 2013; Myers & Newman, 2007). Jupp (2006) categorises three types
of interviews used for researchers: (1) unstructured interviews, (2) structured interviews, and
(3) semi-structured interviews. Myers and Newman (2007) are of the opinion that the
popularity of semi-structured interviews for studies relating to information systems is
because they equip researchers with the opportunity to examine topics to a greater depth
through the use of both pre-prepared questions and spontaneous ones arising from
respondent’s answers. Semi-structured interviews enable interviewers to solicit responses
from interviewees concerning their personal opinions and experiences relating to specific
issues raised, or relevant to the research (Rabionet, 2011). As well as their usefulness, semi-
structured interviews are also regarded as possessing significant reliability, validity and are

relatively easy to conduct (Copeland et al., 1976).
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There were two justifications why this study incorporated semi-structured interviews. First,
owing to the complex nature of the phenomena being studied, it was considered appropriate
to examine the respondents” personal perceptions and opinions to a greater depth than that
available from other research approaches. Second, the nature of semi-structured interviews
eliminated the necessity of having the same interview schedule with all participants,
providing the researcher with the flexibility to specifically select interviewees and/or issues
which needed elaboration, as they arose (Louise & While, 1994). Another aspect of the semi-
structured interview is that they are often popular with the interviewees themselves as the
participant is given an opportunity to express themselves freely and feel that their opinions

are listened to by someone who regards them as important (Witzel, 2000).

In this study, the researcher conducted semi-structured interviews with members of two
groups: visually impaired students in Saudi Arabian universities (users) and staff associated
with disability support units at Saudi universities (domain experts). Users will be very
familiar with the specific technology that they use on a day-to-day basis and can provide
insights about its particular strengths and weaknesses. Domain experts will have a broader
perspective and are better placed to address big-picture issues. Interviewing both groups
would help to identify solutions to problems and strategies to enhance the acceptance of AT
in the Saudi university sector and in the broader context. Other potential stakeholders, such
as university administrators and teachers, or classmates and friends of visually disabled
students, were not targeted because it was felt that they would not have sufficient knowledge
about visual disability or AT characteristics to provide insight into the factors affecting

acceptance of the technology. Alsaghier (2010) suggests interview lengths be capped at 45
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minutes to prevent interview fatigue. In this study, each interview needed around 45 minutes

to be completed.

During the course of interviews, the researcher used three means to record interviews: taking
hand written notes, electronic recording and following pre-set interview guidelines. The
combination of note taking and recording is an important part of the semi-structured
interview process. Notes alone may not document all important points while recordings
similarly may not contain all information. Additionally the pre-written interview guidelines
enable interviewers to remain on track and to cover questions they desire answers to, while
also providing flexibility, permitting the interviewee straying off-topic. Frequently off-topic
answers may convey important information, so the interviewing guidelines can bring the

interview back on track.

In the course of this research, interview questions were open-ended for the purpose of
confirming, interpreting, explaining and providing a deeper comprehension of the results
which emerged from the quantitative phase of the study. Interview questions were designed
to follow up the quantitative results. To verify the validity of the interview questions, an
actual interview was conducted with 3 Arabic PhD students and the questions were adjusted

based on their follow-up. Appendix D shows the interview questions in English.

5.6.2 Sample Determination

Every interview process requires researchers to select participants from their desired target
demographic (Murray, 1998). For this study, the targeted respondents were visual disability
experts and visually disabled students registered with disability support units at Saudi

universities. The original plan was to target 14 participants by interviewing the first 7 users
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and 7 experts who accepted the invitation to participate in the interviews. However, only 5
users and 4 experts responded by the closing date. This sample size was deemed adequate as
Dworkin (2012) points out that many academics believe sufficient numbers can range from

five to 50 for qualitative studies such as this.

Invitations to participate were distributed using a process similar to that used in the
quantitative study. A package of materials was prepared, including an information sheet
about the project, a brief report that described the research methodology and summarised the
findings of the quantitative study, a copy of the interview questions, and a consent form. The
package was emailed to the head of disability support units in the same universities as for the
quantitative study, with a request to forward the invitation to all visually disabled students
registered with the unit and to visual disability experts affiliated with the unit. Interviews
were conducted by Skype or by telephone. Users and experts who were interested in
participating were invited to respond directly to the researcher to arrange a suitable time and

method for the interviews.

5.6.3 Validity

Validating qualitative studies is difficult to achieve (Whittemore et al., 2001). To strengthen
the study’s reliability and validity, researchers frequently employ consultants as neutral
examiners as a means of preventing bias by either the researcher or participants. The use of
a disinterested party in this process strengthens the research’s reliability and validity (Brink,
1987). As Oluwatayo (2012, p. 399) points out “validity and reliability are related.” In
addition, according to Brink (1987), to avoid researcher bias, external reviewers need to be

consulted to ensure qualitative research reliability and validity. In this study, three Arabic
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PhD students were asked to review the procedure and questions of interviews and their
feedback was followed when producing the final interview draft. Moreover, actual interviews
were conducted with 3 Arabic speakers to ensure that the questions were clear, to make sure
they were free of errors, and to determine the expected time for each interview. The

interview's questions were updated based on observations obtained from the pilot interviews.

5.6.4 Instrument Translation

As this study was conducted at Saudi Arabian university where the Arabic language was the
medium of instruction, the interview questions were translated into Arabic, with the
completed version proofread by a professional translator. Appendix E is a facsimile of the

Arabic version of the questions contained in the interviews.

5.6.5 Ethical Considerations

This study adheres to strict ethical guidelines laid out by the Social and Behavioural Research
Ethics Committee (SBREC) of Flinders University. An application for human ethics were
submitted and an approval was given by the University's Human Research Ethics Committee
before this study was started (Approval No. 7950). Appendix F shows the final ethics
approval, both Arabic and English information sheets, and both Arabic and English

quantitative reports.

Ethical issues were discussed during the human ethics application process. These issues
included information relating to the nature and objective of the study, research procedures
and strategy, the rights and obligations of voluntary participants, eventual data disposal, data
storage security, participant privacy protection and the safeguards relating to confidentiality.

At the commencement of participant involvement, all prospective study candidates were
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provided with a written explanation of the research’s aims and objectives. This document
included information relating to their voluntary participation, confidentiality provisions and
also outlined what would happen if they chose to withdraw from the study before its
completion. Participants were not offered financial incentive, and all who chose to be
involved were required to complete and sign a consent form before the start of interviews,

and thanked for their participation.

5.7 Summary
This chapter presents the study’s research paradigm, research design and approach, methods
of data collection, data analysis procedures, validation studies, issues relating to validity and

finally ethical considerations.

This research utilises a mixed-methods approach employing an explanatory sequential design
in order to provide answers to the research questions to satisfy the goals of the study. The
core of this study’s data collection method was quantitative in the form of a questionnaire,
while qualitative semi-structured interviews were used to confirm, interpret and justify what
was identified in the initial part of the research. The qualitative component of the study was

designed to add to the quantitative component’s results to provide greater understanding.
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Chapter 6 : Quantitative Data Analysis and Results

6.1 Introduction

This chapter presents the analysis, using diverse quantitative procedures and tools, of the data
collected through the online survey. The first section of this chapter discusses data
preparation including data coding, dealing with missing data and outliers, and normality. The
next section describes how the reliability and the validity of the research measurements were
tested through many steps. Finally, the results are discussed in relation to the hypotheses of

this thesis.

Data gotten from the quantitative approach was statistically analysed. In the statistical tests,
the logical sequence was adopted from best practice in IT adoption studies (Carter &
Bélanger, 2005; Chang et al., 2005; Phang et al., 2005). Firstly, descriptive statistics were
employed in summarising the demographic variables. The next stage was to evaluate the
validity and reliability of the instruments employed in this research. According to Sekaran
(2003) the objective of this assessment is to verify that the scale to measures consistently and

accurately what it ought to measure.

In this research, unit dimensionality and scale validity were evaluated using exploratory
factor examination analysis of the correlation coefficient. Also, discriminant and convergent
validity of these scales was evaluated via confirmatory factor analysis. After this, Structural
Equation Modelling (SEM) was used to examine the whole model. According to Belanger
and Calter, 2008, it is very important to test the relative capability of the fitting model before

testing the individual path coefficients equivalent to the research hypotheses. Over the course
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of the research, SEM was applied using the Partial Least Square (PLS) method with the Smart
PLS package. According to Hair et al. (2011), PLS can minimize the residual variances of
the dependent variables more than SEM, and it is suitable for small size samples. According
to Chin and Newsted (1999), the recommended range of sample size for PLS is between 30-
100 cases, whereas the recommended range of sample size for CBSEM is between 200-800
cases. Moreover, the study of the UTAUT model by Venkatesh et al. (2003) used PLS as an

analysis technique for their study.

The data will be analysed using structural equation modelling (SEM). According to Gefen et
al. (2000), there are two phases to SEM analysis. The first is the assessment of the
measurement model (outer model). This is presented in Section 6.4. The second is the

structural model (inner model), which is presented in Section 6.5.

6.2 Data Preparation

Examining data is an important first step in data analysis. According to Hair et al. (2010),
data should be examined by the researcher to make sure it is complete and consistent prior to
analysis. For any study, a precise method must be followed to get data ready for analysis.

This study required several data preparation steps.

The data obtained from the online survey were inspected and eligible submission were
identified through validation of genuine and complete responses. Responses lacking any form
of variation would indicate that the response was not genuine. Responses where only part of
the survey was answered would indicate incompleteness. All of the responses were complete

and appeared genuine, so all were considered eligible.
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6.2.1 Data Coding

Data were coded according to the item codes and measurement variables, as shown in Table
3, Positively worded questions were coded with “strongly agree” given a rating of 5 and
“strongly disagree” a rating of 1. Negatively worded questions (for example item PE5) were

coded with “strongly disagree” scoring 5 and “strongly agree” scoring 1.

The derived data was entered into IBM-SPSS for standard analysis and then Smart PLS
software was used for advanced analysis. Prior to initiating the analysis, the data were
examined to confirm they had been accurately entered. This process involved manually
checking random sample rows of the dataset with the matching survey. Frequencies were
calculated for every one of the matching factors to check whether any omitted data or
anomalies occurred in the inputted dataset. Moreover, since the data collected from the online

survey site were sent directly to Smart PLS and SPSS, all possible errors were avoided.

Table 3: Constructs and measurement variables coding

Performance Using Assistive Technology is useful for my study. PE1
expectancy Using Assistive Technology enables me to accomplish tasks more PE2
quickly.
Using Assistive Technology increases my productivity. PE3
If I use Assistive Technology, I will increase my chances of getting a PE4
good grade.
Using Assistive Technology wastes my time. PE5S

Using Assistive Technology decreases the time needed for my important  PE6
study responsibilities.

Effort My interaction with Assistive Technology would be clear and EE1
Expectancy understandable.
It would be easy for me to become skilful at using Assistive EE2
Technology.
I would find Assistive Technology easy to use. EE3
Learning to operate Assistive Technology is easy for me. EE4
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Social
influence

Facilitating
conditions

Attitude
toward using
technology

Behavioural
intention to
use the AT

Self-efficacy

| find it easy to use Assistive Technology to get the knowledge that |
want.

I find flexibility when dealing with Assistive Technology.

People who influence my behaviour think that | should use Assistive
Technology.

People who are important to me think that I should use Assistive
Technology.

The staff of the university have been helpful in the use of Assistive
Technology.

In general, the university has supported the use of Assistive Technology.

I would use Assistive Technology if my friends used them.

The university lecturers are very supportive of the use of Assistive
Technology for my study.

I have the necessary resources to use Assistive Technology.

I have the necessary knowledge to use Assistive Technology.

Assistive Technology is compatible with other systems | use.

A specific person (or group) is available for assistance with Assistive
Technology difficulties.

I have enough experience to use Assistive Technology.

I think that Assistive Technology fits well with my learning style.
Using Assistive Technology is a good idea.

Assistive Technology makes study more interesting.

Studying with Assistive Technology is fun.

I like studying with Assistive Technology.

Using Assistive Technology is boring.

Using Assistive Technology is pleasant.

| intend to use Assistive Technology frequently.

| predict that 1 will use Assistive Technology in the future.

I predict I will continue to use Assistive Technology on a regular basis.
I plan to use Assistive Technology in my study.

I will do my study activities using Assistive Technology.

I could complete a task using Assistive Technology if there was no one
around to tell me what to do as I go.

I could complete a task using Assistive Technology if I could call
someone for help if I got stuck.

I could complete a task using Assistive Technology if | had a lot of time
to complete it.

I could complete a task using Assistive Technology if I had just the
built-in help facility for assistance.

I will be able to successfully overcome many study challenges by using
Assistive technology.
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I am confident that | can perform effectively on many different tasks by  SE6
using Assistive Technology.

Compared to other vision impaired students who don't use Assistive SE7
Technology, | can do most tasks very well.
Anxiety | feel apprehensive about using Assistive Technology. AN1

It scares me to think that I could lose a lot of information using Assistive = AN2
Technology by hitting the wrong key.

I hesitate to use Assistive Technology for fear of making mistakes I AN3
cannot correct.
Assistive Technology is somewhat intimidating to me. AN4
I would be reluctant to use Assistive Technology because I'm not too AN5
familiar with it.

Accessibility | have easy access to Assistive Technology devices in the university. AC1
Easy access to Assistive Technology devices in many locations in the AC2
university will help me.

The installation of Assistive Technology devices in my classroom is AC3

important for my success.
Easy access to Assistive Technology devices at home and university is AC4

helpful.
Mobile and portable Assistive Technology devices that | can bring AC5
anywhere will be useful.
Use I want to use Assistive Technology to perform my study activities. UB1
behaviour I frequently use Assistive Technology. UB2
| use Assistive Technology on a regular basis. UB3
Most of my study tasks were done using Assistive Technology. UB4

6.2.2 Missing Data

There must be no missing data when using Structural Equation Modelling (SEM) (Kaplan,
2008). This is of particular importance when SEM is used as a data analysis technique (Hair

etal., 2010; Kline, 2011).

Ten responses (11.49 %) to the survey questionnaire had missing data. It was crucial that
these missing data were carefully checked and treated, before performing analysis, due to the
sensitivity of Smart PLS to missing data. Generally, treatment of missing data is done through

SPSS by replacing any missing data with the mean or the median of nearby points, or via
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linear interpolation. Consequently, in the current study, the missing data of ten respondents
were replaced by the median of nearby values, as suggested by Hair et al. (2010) and

Tabachnick and Fidell (2007).

6.2.3 Outliers

Outliers are values that significantly differ from the rest of a given dataset (Byrne, 2016; Hair
etal., 2010; Kline, 2011; Pallant, 2013). It is critical to identify outliers since they can modify
the results of data analysis. Hair et al. (2006, p. 73) argue that ‘problematic outliers are not
representative of the population, are counter to the objectives of the analysis, and can

seriously distort statistical tests’.

In the current study, Mahalanobis distance D2, calculated using SPSS, was employed to
identify outliers. It measures how far data points are from the mean of the predictor constructs
(Hair et al., 2010). The regression procedure for the study constructs was applied to compute
D2, and a Mahalanobis distance with p < 0.001 was set as the criterion for multivariate
outliers. The calculation of the Mahalanobis distance on the study data revealed three cases
with a number of univariate outliers. Removal of these three cases left 84 responses for

further analysis.

6.2.4 Normality

Overall, PLS-SEM does not make assumptions with regard to data distribution. Nevertheless,
it is recommended that distribution be taken into account when using PLS-SEM (Hair et al.,

2014).
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The study explored multivariate normality of the sample data to fulfil the data analysis
requirements. According to Hair et al. (2010), all items should have a normally shaped
distribution. In this study, skewness and kurtosis tests were used to analyse the variables’
normality (Hair et al., 2010). The purpose was to detect whether the values of variables were

normally distributed in order to employ statistical techniques such as SEM.

The applicability of SEM analysis depends on kurtosis and skewness values being within
standard ranges (Byrne, 2016; Hair et al., 2010). Kurtosis is employed to compute variance
and covariance (Byrne, 2016). The skewness of a dataset adversely impacts the algorithms
employed for testing the mean (Byrne, 2016). Hence, these tests must be performed before

SEM analysis.

In many studies, less strict criteria, as suggested by (Byrne, 2016); Kline (2005), are
followed. Skewness values should not exceed 3.0 while kurtosis values should be less than
7.0 (Byrne, 2016; Kline, 2011). As outlined in Appendix G, the investigation of the skewness
and kurtosis values in this study revealed that they are within the recommended ranges.

Accordingly, the data is considered to be normally distributed.

6.3 Descriptive Statistics

The fundamental components and qualities of the data were examined with the help of
descriptive statistics. The descriptive statistics provide a powerful summary to enable the
different groups' comparisons. This comparison can give an overview description of all
sample characteristics. In this section, the demographic information will be analysed and

described.
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6.3.1 Demographic Information Analysis

Survey questionnaire invitation were disseminated by email to around 300 visually impaired
students in Saudi universities, and 87 (29 %) questionnaires were returned. As discussed
above, three responses were removed due to the presence of outliers. That left N=84 as the

dataset entered into SPSS and analysed. Table 4 gives demographics frequency statistics for

the respondents and the following sections provide the findings of this analysis.

Table 4: Demographic characteristics

Variable Frequency | Percent
Male 45 53.6
Gender Female 39 46.4
18-21 17 20.2
22-25 34 40.5
Age 26-29 15 17.9
30-33 14 16.7
More than 33 4 4.8
Since birth 62 73.8
. .. . More than 10 years 15 17.9
Disability Duration 95 years A 48
Less than 5 years 3 3.6
Moderate visual impairment 14 16.7
Level of disability Severe visual impairment 37 44
Blindness 33 393
A few times a month 5 6
A few times a week 8 9.5
Use of AT Once a day 2 24
Several times a day 69 82.1
Experience using Beginner 23 27.4
Intermediate 40 47.6
computers Advanced 21 25
Diploma degree 7 8.3
. Bachelor degree 60 71.4
Educational level Master degree 15 179
Doctorate 2 2.4
Screen Readers 67 79.8
Type of Assistive Braille Technologies 51 60.7
Technology used Optical Character Recogpnition 5 6
Electronic Dictionaries 7 8.3
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Text to Voice Technologies 35 41.7
Smart phone applications 74 88.1

6.3.1.1 Gender

Figure 13 shows that, out of the 84 participants who took part in the study 45, or 53.6 %,
were males and 39, or 46.4 %, were females. This indicates that the gender ratio for

respondents in this study is close to 50:50, which is the general gender ratio in the broader

population.

H Male
B Female

Figure 13: Gender of participants

6.3.1.2 Age

Figure 14 illustrates that the study sample is mainly comprised of young and very young
individuals. Only four respondents (4.8 %) were aged over 33. Most respondents, 34

(40.5 %), were between the ages of 22 and 25. The distribution can be said to be somewhat

skewed.
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Figure 14: Age groups of participants

6.3.1.3 Disability Duration

As Figure 15 illustrates, most of the participants in the study have been visually impaired for

a relatively long time. The vast majority of respondents, 73.8 %, have been visually impaired

since birth. Also, a significant minority, around 18 %, have been visually impaired for more

than 10 years.
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Figure 15: Disability duration of participants
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6.3.1.4 Level of Disability

Figure 16 depicts that 70 (83.3 %) participants have severe visual impairment or are blind.

Severe visual impairment accounts for 37 (44 %) respondents while 33 (39.3 %) are blind.

40 37
35 33
30 B Moderate visual
g 25 impairment
% 20 » ® severe visual
g 15 impairment
10 m Blindness
5
0

Level of disability

Figure 16: Level of disability of participants
6.3.1.5 Useof AT
Figure 17 illustrates that most participants use assistive technology very often, with 69 (82
%) doing so several times a day. These results are not surprising since, as we saw earlier,

most participants had severe visual impairments or were blind.
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Figure 17: Participants’ experience of using AT
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6.3.1.6 Experience Using Computers

Figure 18 reveals that computer skills are fairly evenly distributed, although most
respondents (40, approximately 40 %) said they have intermediate skills. This indicates that
use of AT may not depend on computer skills since most respondents use AT even though

computer skills vary.

50
40
40
g 30 M Beginner
g g 21 ¢
g 20 B Intermediate
(7S
m Advance
10
0

computer skills

Figure 18: Participants’ experience of using computers

6.3.1.7 Educational Level

Figure 19 shows that the majority of respondents are Bachelor degree students (60 or 71.4

%) and 15 (around 18 %) are Master’s students.
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Figure 19: Participants’ educational level
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6.3.1.8 Type of Assistive Technology Used
Figure 20 shows that most respondents (88.1 % or 74 of 84) use smartphone based assistive
technology. This could be due to the wide spread use of smartphones nowadays, and because

they are easy and accessible to use.
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Figure 20: Type of assistive technology used by participants
6.3.2 Summary

Demographic data show that the majority of the participants are aged in their twenties, which
is not surprising as this study is of university students. Also it shows that the majority of
participants have a disability since birth, and most of them have severe visual impairment or
total blindness. Moreover, the majority of the participants use assistive technology several

times a day, and the smartphone-based assistive technology is the most used.

6.4 Testing the Goodness of the Measurement Model (Outer Model)
This section describes the instrument testing steps. Two main observational tests were

performed: reliability and validity. It is necessary to make sure that indicator reliability,
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internal consistency reliability, convergent validity, and discriminant validity of the reflective
measurement model are adequately assessed and proven satisfactory before setting the path
coefficients in the structural model (Wong, 2013). Validity and reliability items that should

be checked and reported when performing a PLS-SEM are given in Table 5.

Table 5: Checking reliability and validity
Source: Wong (2013)

This image has been removed due to copyright
restrictions. Available online from
[https://www.researchgate.net/publication/26844935
3 Partial least square structural equation_modeli
ng PLS-SEM_techniques using SmartPLS)]
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6.4.1 Reliability

Reliability refers to the extent to which a research instrument produces consistent results
(Sekaran, 2003). According to Khawaja et al. (2012), a reliable research instrument
demonstrates internal consistency and produces outputs that are stable over time. This section
will examine the internal consistency reliability and the indicator reliability to make sure that

they are satisfactory.

6.4.1.1 Indicator Reliability

The loadings and indicators correlations with respective latent variables are used to assess
the reliability of an individual item. As Carmines and Zeller (1979) argue, the manifest
variable must have a loading of at least 0.7 to be accepted as an indicator. Moreover, as per
Hair et al. (2010) indicator loadings are required to be greater than 0.70 to obtain a satisfying
analysis results. If this is satisfied, there is less error variance than the shared variance of the
construct. Accordingly, the inclusion of poor indicators is likely to result in an inadequate

fitting in the covariance-based SEM analysis.

Loadings for all indicators were computed and indicators that had a loading less than 0.70
were deleted. Asa result of this, 23 indicators were removed, leaving the 32 indicators shown

in Table 6.

Other researchers suggest that indicator reliability should be used. For example, Hulland
(1999) recommends an indicator reliability of at least 0.70, although 0.4 and higher is
accepted in exploratory research. Since reliability is computed as the square of loading, a

loading of 0.7 or greater will correspond with a reliability of 0.49 or greater, which falls in
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the acceptable range. The indicator loadings and reliabilities items used in further analysis

are shown in Table 6.

Table 6: Indicator reliability

0.781 0.610
0.902 0.814
0.896 0.803
0.896 0.804
0.747 0.557
0.808 0.653
0.874 0.763
0.754 0.568
0.729 0.532
0.843 0.711
0.864 0.746
0.741 0.550
0.836 0.699
0.839 0.704
0.882 0.777
0.724 0.524
0.899 0.808
0.907 0.822
0.801 0.642
0.852 0.726
0.877 0.769
0.812 0.660
0.816 0.666
0.805 0.648
0.865 0.749
0.885 0.782
0.646 0.417
0.830 0.688
0.993 0.986
0.897 0.805
0.885 0.783
0.817 0.667
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6.4.1.2 Internal Consistency Reliability

Cronbach’s alpha was used to measure internal consistency for study factors in regard to the
survey sample measurement. Some researchers argue that the acceptable cut-off is 0.7, others
claim that any value above 0.6 can be accepted (Fornell & Larcker, 1981; Hair et al., 1998;

Nunnally & Bernstein, 1994).

Cronbach’s alpha has been regularly used in social science research to measure internal
consistency reliability. However, its measurement tends to be conservative in PLS-SEM. The
literature review has revealed that instead of Cronbach’s alpha, a Composite Reliability of
0.7 and higher can be used (Bagozzi & Yi, 1988; Hair etal., 2012). In the case of exploratory

research, a value of 0.6 and higher is accepted (Bagozzi & Yi, 1988).

Values shown in Table 7 indicate that both Composite Reliability and Cronbach's alpha are
at acceptable levels. Accordingly, high levels of internal consistency reliability have been

exhibited by all reflective latent variables.

Table 7 : Cronbach’s alpha and Composite Reliability

Accessibility (AC) 3 0.824 0.896
Anxiety (AN) 4 0.865 0.900
Attitude toward using technology (ATT) 4 0.810 0.876
Behavioural intention to use the AT (BI) 4 0.845 0.896
Effort Expectancy (EE) 3 0.810 0.883
Facilitating conditions (FC) 3 0.807 0.881
Performance expectancy (PE) 3 0.743 0.852
Self-efficacy (SE) 3 0.721 0.845
Social influence (SI) 2 0.863 0.911
Use behaviour (UB) 3 0.837 0.901
Total 32
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6.4.2 Validity of Scales

Discriminant validity and convergent validity of the reflective measurement models was
examined to make sure that they are satisfactory. Moreover, the unidimensionality and
validity of the scales were subjected to exploratory factor analysis and examined for
correlation coefficients. In addition, corroborative factor analysis was used to assess merged
and discriminant validity of the estimation scales. Confirmatory factor analysis (CFA)
assessed the construct validity of the scales employed in the study. Each of these is discussed

in the following subsections.

6.4.2.1 Convergent Validity

Convergent validity is the model’s capacity to explain the indicator’s variance. Evidence for
convergent validity is provided by the Average Variance Extracted (AVE) value (Fornell &
Larcker, 1981). According to Bagozzi and Yi (1988), an AVE threshold value of 0.5 should
be regarded as evidence of convergent validity. As shown in Table 8, all constructs in this

study have values higher than this threshold. Accordingly, convergent validity is confirmed.

Table 8: Average Variance Extracted (AVE)

AC 0.742
AN 0.694
ATT 0.639
Bl 0.683
EE 0.718
FC 0.712
PE 0.658
SE 0.650
SI 0.837
uB 0.752
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6.4.2.2 Discriminant Validity

Discriminant validity refers to the degree of differentiation of items among constructs (Hair
etal., 2014), in addition, Discriminant validity can be considered as a statistical measure used
to examine the degree to which items differentiate among constructs. According to Hair et
al. (2010), a high discriminant validity for a construct means it is more suitable to examine a
phenomenon than other constructs. Discriminant validity in this study was verified by
measuring overlap in variance to ensure that measurements for every group were correlate to
the construct itself more than other constructs, and also to ensure there were no issues in
cross-loading for the measured items. Two different criteria were used to measure the
discriminant validity of this study: the Fornell-Larcker criterion and the cross-loading

criteria.

The Fornell-Larcker criterion represents a standard and conservative approach for evaluating
discriminant validity (Hair et al., 2016). By this criterion, for establishing discriminant
validity it is necessary that the self-correlation of a latent variable (which is equivalent to the
square root of the AVE value) be greater than its correlation with all other latent variables
As shown in Table 9, all latent variables in the model meet this criterion as the values on the
main diagonal (the self-correlations) are higher than all other values in the same row and

column.

Table 9: Latent variable correlations

|Ac |AN |ATT |BI |EE |FC |PE [SE |si |uB |
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AC 0.862
AN 0.150
ATT 0.438
Bl 0.432
EE 0.366
FC 0.312
PE 0.644
SE 0.603
Sl -0.011
uB 0.580 | 0.164 | 0.479 | 0.659 | 0.514 | 0.589 | 0.690 | 0.619 | 0.116 | 0.867

The second test used to measure the discriminant validity is the cross-loading examination.
According to Chin (2010), the loading value for each item with its related latent variable
should exceed its loading with other latent variables. As shown in the matrix of cross loading
presented in Table 10, all items satisfy this test. For example, the loading for item AC3 with

indicator variable AC is higher than its loading with other variables.

Table 10: Matrix of cross loadings

AC AN ATT Bl EE FC PE SE SI uB
AC3 0.781 | -0.046 | 0.322 | 0.337 | 0.254 | 0.210 | 0.429 | 0.514 | -0.033 | 0.440
AC4 0.902 | 0.133| 0.341| 0.378 | 0.344 | 0.282 | 0.570 | 0.501 | 0.070 | 0.527
AC5 0.896 | 0.275| 0.460| 0.398 | 0.342 | 0.308 | 0.649 | 0.543 | -0.064 | 0.527
AN1 0.171| 0.896 | 0.336 | 0.364 | 0.276 | 0.315| 0.177 | 0.311 | -0.006 | 0.193
AN2 0.088 | 0.747 | 0.212| 0.133 | 0.270 | 0.287 | 0.048 | 0.098 | -0.042 | 0.068
AN3 0.101| 0.808 | 0.271| 0.169 | 0.275| 0.375| 0.076 | 0.178 | -0.016 | 0.098
AN4 0.095| 0.874 | 0.181| 0.179 | 0.213 | 0.327 | 0.098 | 0.218 | 0.070 | 0.124
ATT1 0.449 | 0.332| 0.754 | 0.496 | 0.391 | 0.418 | 0.434 | 0.470 | -0.030 | 0.374
ATT2 0.484 | 0.166 | 0.729 | 0.463 | 0.374 | 0.341 | 0.435 | 0.526 | -0.092 | 0.488
ATT3 0.207 | 0.190 | 0.843 | 0.427 | 0.518 | 0.436 | 0.324 | 0.329 | 0.065| 0.285
ATT4 0.238 | 0.316 | 0.864 | 0.468 | 0.673 | 0.537 | 0.321 | 0.443 | 0.003 | 0.371
BIUS1 0.405 | 0.111 | 0.440 | 0.741 | 0.295| 0.233| 0.317 | 0.414 | 0.035]| 0.490
BIUS2 0.293 | 0.278 | 0.459| 0.836 | 0.310 | 0.402 | 0.246 | 0.393 | 0.087 | 0.359
BIUS3 0.333 | 0.275| 0.477 | 0.839 | 0.451 | 0.585| 0.452 | 0.497 | 0.151 | 0.665
BIUS4 0.391| 0.289 | 0.542 | 0.882 | 0.394 | 0.532 | 0.472 | 0.485| 0.122 | 0.596
EE3 0.297 | 0.251 | 0.335|0.212 | 0.724 | 0.458 | 0.282 | 0.376 | 0.010| 0.342
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AC AN ATT Bl EE FC PE SE Sl UB
EE5 0.334 | 0.259 | 0.605 | 0.412 | 0.899 | 0.540 | 0.313 | 0.420 | -0.140 | 0.447
EE6 0.313 | 0.281 | 0.556 | 0.452 | 0.907 | 0.634 | 0.360 | 0.434 | 0.114 | 0.494
FC2 0.252 | 0.327 | 0.446 | 0.423 | 0.548 | 0.801 | 0.318 | 0.298 | 0.015 | 0.388
FC5 0.175| 0.281 | 0.364 | 0.365 | 0.485| 0.852 | 0.194 | 0.303 | 0.020 | 0.390
FC6 0.328 | 0.350 | 0.531 | 0.555| 0.594 | 0.877 | 0.466 | 0.496 | 0.023 | 0.636
PE1 0.560 | 0.162 | 0.393 | 0.400 | 0.316 | 0.261 | 0.812 | 0.380 | -0.001 | 0.529
PE2 0.490 | 0.084 | 0.451 | 0.303| 0.375| 0.409 | 0.816 | 0.355| 0.009 | 0.520
PE4 0.509 | 0.090 | 0.336 | 0.413 | 0.244 | 0.351| 0.805 | 0.423 | 0.046 | 0.617
SE5 0.501 | 0.254 | 0.547 | 0.491 | 0.511 | 0.446 | 0.375 | 0.865 | -0.185 | 0.565
SE6 0.555 | 0.183 | 0.520 | 0.462 | 0.396 | 0.391 | 0.483 | 0.885 | -0.115 | 0.576
SE7 0.389 | 0.222 | 0.242 | 0.361 | 0.218 | 0.244 | 0.291 | 0.646 | 0.205 | 0.325
SI3 0.058 | -0.037 | -0.017 | 0.029 | 0.012 | 0.068 | 0.109 | -0.088 | 0.830 | 0.137
Sl4 -0.025 | 0.011 | -0.019 | 0.141 | -0.007 | 0.013 | 0.005 | -0.058 | 0.993 | 0.107
uB2 0.467 | 0.209 | 0.416 | 0.636 | 0.451 | 0.507 | 0.533 | 0.571| 0.037 | 0.897
UB3 0.571 | 0.121 | 0.446 | 0.639 | 0.512 | 0.556 | 0.632 | 0.582 | 0.065 | 0.885
UB4 0.466 | 0.083 | 0.378 | 0.396 | 0.353 | 0.461 | 0.651 | 0.436 | 0.242 | 0.817

6.5 Testing the Structural Model (Inner Model)

6.5.1 Coefficient of Determination (R?)

The Coefficient of Determination, also referred to as R-Square (R?), represents one of the
primary criteria for the assessment of the structural model by PLS-SEM. To be more precise,
the R2value is the part of the variation in the endogenous variable to be described by one or
more exogenous variables. According to Hair et al. (2011), R? measures have a fundamental
role along with path coefficients significance level, as both can be considered as the central
assessment of the structural model. They assert that it is necessary that primary target
constructs have high values of R?, as the goal of the PLS-SEM approach is to explain the

endogenous latent variables variance.
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As argued by Chin (1998), R?values less than 0.19 are unacceptable, values between 0.19
and 0.33 are weak, values between from 0.33 and 0.67 are moderate, while values greater
than 0.67 are high. Hence, the values of R?are the basis of the quality of the structural model.
According to the study results, all values of R? meet the Chin (1998) criteria. R? values of the

endogenous latent variables are shown in Table 11.

Table 11: R? Value of the endogenous latent variables

R2 Result
Bl 0.463 Moderate
UB 0.508 Moderate

As shown by the results in Table 11, the R? value for UB is 0.508, which mean that the
ability of the model's factors to explain UB are moderate, with 50.8 % of the variance in UB.
Similarly, the ability of the model's factors to explain Bl are moderate with 46.3 % of the

variance in BI.

6.5.2 The Effect Size (f?)

Following the evaluation of R?, the effect of variables on R? was determined by assessing the
effect size (f?) to investigate whether the impact of a particular exogenous variable on an
endogenous variable is substantial. As recommended by Hair et al. (2014), the following

formula was used to compute 2

2 2
fz _ Rinciudea — Rexcirudea
1— R}

included

Here, R?inciuged represents the case where the predictor exogenous latent variable is a part of

the structural model, whereas R? exciuded refers to values when this particular exogenous latent
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variable is removed from the structural model. The operational definition of multiple
regression used by Cohen (1992) was employed as a criterion to decide if an exogenous
predictor variable has large, medium, small, or no effect size (f?). By this definition, any
values less than 0.02 are regarded as having no effect, values between 0.02 and 0.15 are taken
as having a small effect, values ranging from 0.15 to 0.35 are considered to have a medium
effect, whereas values higher than 0.35 are regarded to be a large effect size. The f values

for this study are given in Table 12.

The values presented in Table 12 indicate that factors EE, AN, and AC do not have a sizeable
effect on BI, whereas, the effect size of PE and ATT on Bl is medium. Moreover, the effect

size of FC and Bl on UB was medium.

Table 12: The effect size results.

BI UB Results

AC 0.000 No effect
AN 0.012 No effect
ATT 0.086 Small effect
BI 0.327 | Medium effect
EE 0.003 No effect
FC 0.150 | Medium effect
SE 0.063 Small effect
SI 0.039 Small effect
PE 0.024 Small effect

6.5.3 Predictive Relevance of the Model (Q?)
Another criterion for assessing the quality of the structural model is predictive relevance, Q?
(Chin, 2010). Predictive relevance is based on the assumption that the model must have the

capacity to predict all indicators of an endogenous latent variable (Hair et al., 2011).
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Accordingly, the blindfolding procedure was carried out to determine Q2 by calculating the

cross-validity commonality (cv-comm) and cross-validity redundancy (cv-red).

Blindfolding procedures use a predetermined distance value D to remove data from the data
set. The D can take any value from 5 to 10 (Chin, 2010). It is required that the sample size,
n, divided by D be a whole number. Therefore, the model parameters are estimated by the
assumption of removing certain amounts of data and subsequently treating them as missing
values. Nevertheless, blindfolding applies only in a case, such as this study, when the
endogenous latent variables have reflective measurements (Hair et al., 2011; Henseler et al.,

2009).

Cross-validity redundancy is supported by Hair et al. (2011) as it estimates both the
measurement model and the structural model for data prediction, which is compatible with
the PLS-SEM approach. Bagozzi (1994) argues that a value of cross-validity redundancy
greater than zero (Q? > 0) implies predictive relevance. On the contrary, a value of Q? less
than zero indicates a lack of predictive relevance of the model. As shown in Table 13, all
cross-validity redundancies (Q?) of the endogenous latent variables were greater than zero.

Accordingly, this study model has an appropriate capacity for prediction.

Table 13: Cross-validity redundancies results.

Q2 Results
Bl 0.241 Q2 > 0 Explanatory variable provides predictive relevance
UB 0.327 Q2 > 0 Explanatory variable provides predictive relevance
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6.5.4 Goodness of Fit of the Model (GoF)

Accordingto (Tenenhaus et al., 2005), goodness of fit (GoF) isa global fit measure. It denotes
the geometric mean of the average of R? and AVE of the endogenous variables. Its purpose
is to analyse the structural and measurement of study’s model, while the focus is on the
model's overall performance (Chin, 2010; Henseler & Sarstedt, 2013). As recommended by

Hair et al. (2014), the following is the calculation formula for GoF:

GOF = /(ITZ*AVE)

GOF = ,/(.485+.709) = 0.586

Table 14 provides criteria of GoF for determining if its values are regarded as small, medium,
or large. Those criteria were proposed by Wetzels et al. (2009). The value of the GoF of this

study is 0.586, which is sufficiently large to ensure global PLS model validity.

Table 14: GOF standard criteria.

Small 0.10
Medium 0.25
Large 0.36

6.5.5 Structural Model Analysis

Researchers can explore the relationships between dependent and independent constructs
extracted from the measurement models (CFA models) using a structural model.
Nevertheless, a relational or a hypothetical model must be developed for testing the
relationships between the constructs before the analysis. The hypothetical model was

proposed following real-world observations and the literature review. A path analysis was
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performed on the hypothetical model to estimate the coefficients and significance of the
relationships. Lastly, model fit indices were compared with recommended, standard fit

indices to confirm model fit.

6.5.5.1 Collinearity Assessment

It is necessary to evaluate the structural model before coming to a conclusion. Collinearity
can be a problem in the structural model. More precisely, a variance inflation factor (VIF)
value of 5 and greater implies that there might be a problem (Hair et al., 2011). Table 15
summarizes the collinearity assessment results. As all VIF values are less than 5, it can be

concluded that there is no indication of collinearity between sets of predictor variables.

Table 15: Collinearity statistics (VIF)

Bl uB
AC 2.114
AN 1.154
ATT 2.014
Bl 1.432
EE 1.712
FC 1.432
PE 1.873
SE 1.981
Sl 1.009

6.5.5.2 Structural Model Result

Previous sections have demonstrated that the measurement model has sufficient validity and
reliability. In this section, the testing results of the proposed research model will be presented
via structural equation modelling (SEM). The literature review has shown that the use of

SEM in behavioural sciences research, and especially in the IT/IS field, is widespread (Gefen
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et al., 2000). This is due to SEM researchers being able to examine the overall structural

model as a whole.

This study used the Partial Least Square (PLS) method and the Smart PLS package to apply
SEM. Fornell et al. (1990) points out that PLS is suitable for exploring complex relationships,
and Wold (1985, p. 950) argued that PLS is the best method for exploring complex models

with latent variables.

6.5.6 Hypothesised Structural Model

Following the literature of AT, the hypothesis of this study was that the independent
constructs shown in Chapter 4 (Accessibility, Anxiety, Attitude toward using technology,
Facilitating conditions, Effort Expectancy, Performance expectancy, Self-efficacy, Social

influence) yielded nine relationships.

6.5.6.1 Hypothesis Testing

In the prevision sections, the results obtained when the model was tested as a whole were
presented. Nevertheless, it is necessary to test the hypothesised conceptual model, as well as
the relationships between factors, to explore the unique contribution of each variable to its
related dependent variable. The aim of the hypotheses testing is to identify which
independent variables (predictors), together or separately, meaningfully contribute to the
explanation of the dependent variables. Figure 21 shows the path coefficients and p-values
(in parentheses) for the relationship between model factors, which will be discussed in detail

in the next section.
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Figure 21: Inner model testing result

6.5.6.2 Inner Model Path Coefficient Sizes and Significance

Having established that the structural model is a good fit to the data, standardised path
coefficients and p-values were examined to establish a basis for accepting or rejecting the
hypothesised relationships. Table 16 summarises the inner model testing results shown in

Figure 21 and the hypothesis associated with each model path. Hypotheses for which the p-
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value of the corresponding path is greater than 0.05 are supported at the 5% confident level
(Hair et al., 2016). By this test, the only hypotheses that are supported are H3, H4, and H6.
In other words, the effect of both BI (p<0.05) and FC (p<0.001) on UB is significant, but the

only variable that has a significant effect on Bl is ATT (p<0.01).

Table 16: Hypothesis testing result

H1 AC -> Bl 0.014 0.921 Not supported
H2 AN -> BI 0.087 0.395 Not supported
H3 ATT -> Bl 0.305 * 0.033 Supported
H4 Bl -> UB 0.480 **% ().000 Supported
H5 EE -> Bl 0.049 0.560 Not supported
H6 FC ->UB 0.325 ** ().008 Supported
H7 PE -> BI 0.154 0.229 Not supported
H8 SE -> Bl 0.258 0.108 Not supported
H9 Sl -> Bl 0.145 0.289 Not supported
*** Correlation is Significant at <0.001

** Correlation is Significant at <0.01

* Correlation is Significant at <0.05

6.5.7 Moderator Variables

The demographic factors, such as gender and age, can be important factors with statistical
significance, as was found in the original UTAUT acceptance model by Venkatesh et al.
(2003). They found that age, gender, and experience had significant influence in their model.
The SmartPLS application analyses data without considering what the data means or
represents, such as gender and age, which may result in misleading results (Hair et al., 2018).
Hair et al. (2018) consider variables such as gender as heterogeneous data that needs to be
analysed. Moreover, they suggest carrying out a multi-group analysis (MGA) to check the

significant differences between groups. As this study has three moderator demographic
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variables (gender, age, and experience) an analysis has been done to check the effects of these

variables on the model relationships as discussed in the model chapter.

To check the differences between groups of data using SmartPLS 3 software, an approach
has been implemented as recommended by Hair et al. (2016). First, the measurement

invariance is established to ensure the invariability of measurement models across the groups.

A procedure called the measurement invariance of composite models (MICOM), described
by Henseler et al. (2016), was used in SmartPLS 3 software to check measurement
invariance. This procedure includes three steps: checking configural invariance, assessing
compositional invariance, and assessing the equality of composite mean values and
variances. These three requirements for checking measurement invariance were done per
Hair et al. (2018). First, the configural invariance is established using the MICOM procedure
by identifying groups. Second, compositional invariance is assessed by ensuring that the
Permutation p-Values are greater than 0.05. Finally, the equality of composite mean values

and variances are checked via Permutation p-Values being greater than 0.05.

In the second stage, the MGA approach is used to check for significant differences between
groups. The p-value in the parametric test is checked and needs to be greater than 0.05 as per

Hair et al.

The result of the moderator variables for this study are detailed in the following

subsections.
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6.5.7.1 Gender

Table 17 shows the result of the measurement invariance to check the invariability of

measurement models across the groups. The result shows that the mean values of variables

is not significantly changed across the two gender groups, which is confirmed by the p-

value of all variables being greater than 0.05. This means that the measurement is invariant

across gender groups.

Table 17: Summary of the MICOM results for gender.

Configural variance established?

Correlation ¢

5 % quantile of the
empirical distribution
of cu

P-value

Compositional
invariance established?

0.978

0.920

0.452

Yes

0.976

0.933

0.383

Yes

0.978

Difference of the composite's
mean value (= 0)

0.959

95 %. Confidence
interval

0.217

P value

Yes

Equal mean values?

-0.051 [-0.427; 0.433] 0.819 | Yes
-0.035 [-0.430; 0.453] 0915 | Yes

-0.235 [-0.425; 0.430] 0.272 | Yes

Logarithm of the composite's | 95 %. Confidence P value Equal variances?
variances ratio(= 0) interval

0.317 [-0.981; 0.978] 0.949 Yes

0.481 [-0.635; 0.681] 0941 | Yes

0.311 [-0.638; 0.633] 0.539 Yes

Table 18 shows the multi-group analysis results that indicate there are no significant

differences between the two groups (male and female), as P-values for both PLS-MGA and
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parametric tests are greater than 0.05. This means that there are no significant differences

between male and female across relationships between variables.

Table 18: PLS multi-group results for gender.

PE - BI 0.115 0.687 0.115 0.613

EE - BI 0.126 0.674 0.126 0.655

SI > BI 0.216 0.829 0.216 0.323
6.5.7.2 Age

Five age groups were created during the instrument design to check for differences across
different age ranges. However, the small size of the sample led to difficulty in implementing
multi-group analysis across those five groups. According to Hair et al. (2014), arule of thumb
is to require the minimum sample size for each group to be equal to 10 times the number of
groups. This would require a sample size of 50 in each group needed to implement the MGA,
which is not the case for the survey data. Therefore, to evaluate the effect of age, age groups

were merged to create two groups: Age < 25; Age > 25.

Using the same multi-group analysis procedure used for gender, the differences between the
two age groups was measured and the results are reported in the tables below. Table 19 shows
that all P-values are greater than 0.05 across the two age groups, which means that the mean

values of variables have not significantly changed across groups.
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Table 19: Summary of the MICOM results for age.

Configural variance established? Yes

R
B

|

PE 0.991 0.928 0.758 Yes
EE 0.997 0.939 0.811 Yes
Sl 0.985 0.951 0.376 Yes
FC 0.997 0.990 0.442 Yes

PE 0.191 [-0.424; 0.480] 0412 | Yes
EE 0.206 [-0.424; 0.429] 0360 | Yes
S| -0.275 [-0.406; 0.443] 0.194 | Yes
FC -0.218 [-0.425; 0.442] 0.306 | Yes
PE -0.121 [-0.635; 0.676] 0617 | Yes
EE -0.088 [-0.771; 0.875] 0649 | Yes
S| 0.149 [-0.632; 0.624] 0438 | Yes
FC 0.380 [-0.747; 0.798] 0597 | Yes

Table 20 shows the result of MGA for the two age groups. Because the P-value for both PLS-

MGA and parametric tests are greater than 0.05, there are no significant differences between

the two groups. Therefore, there are no significant differences between participants aged 25

years old or younger and those participants aged older than 25 years.
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Table 20: PLS multi-group results for age.

EEEEEE—

PE > BI 0.127 0.649 0.127 0.696
EE - BI 0.243 0.079 0.243 0.184
SI > BI 0.108 0.287 0.108 0.617
FC > UB 0.244 0.843 0.244 0.356

6.5.7.3 Experience

This variable contains 3 items including beginner, intermediate and advanced. Because these
elements are discrete, they cannot be redistributed to create groups with sample sizes large
enough (at least 30 as per rule of Thumb) to satisfy the MGA procedure in SmartPLS.
Therefore, since two of these groups (beginner and advanced) contained less than 30

participants, it was not possible to perform MGA.

6.6 Summary

The quantitative results showed that as expected there were significant relationships between
ATT and BI, Bl and UB, as well as between FC and UB. In addition, they showed some
unexpected results. It was expected that the data would show strong relationships between
Bl and each of PE, EE, SlI, AC, AN, SE, but those relationships were not significant.
Therefore, as explained in Section 5.3.1, the qualitative study was re-oriented to follow up
these results and obtain explanations of the unexpected results, as well as to further provide
a deeper understanding of the quantitative results. The next chapter describes the qualitative

study in detail.
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Chapter 7 : Qualitative Data Analysis and Results

7.1 Introduction

A qualitative study was conducted to supplement the quantitative results and to obtain deeper
insight and explanations. This approach can help explain unexpected and interesting results
obtained from the quantitative study, such as when the data contradicted the hypotheses.
Nine semi-structured interviews were conducted with both visually impaired students in
Saudi universities (users) and individuals who work in the disability units of Saudi
universities and who have experience in dealing with visually disabled students (experts).
Participants were affiliated with five of the six universities that were identified as having
disability units. Targeting both groups enabled perspectives to be obtained from a wider
spectrum: users can provide insights about the particular strengths and weaknesses of the
AT they personally use on a daily basis, and domain experts are better placed to address big-
picture issues.

Attempts were made to obtain more participants in the interviews by sending follow up e-
mails to the heads of disability centres in Saudi universities asking them to encourage
potential participants to participate in the interviews and pointing out that outcomes of this
study are expected to benefit disabled students in Saudi universities. The time period for
conducting the interviews was extended to give the opportunity for the largest possible

number of participants to participate.
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Table 21 shows demographic information for the nine interviewees.

Table 21: Interviewee demographics

User 11 years
Expert 5 years
User 6 years
User 5 years
User 8 years
Expert 12 years
User 6 years
Expert 15 years
Expert 9 years

The demographic information shows that interviews were conducted with both users and

experts.

7.2 Data Reliability, Validity and Credibility

Checking reliability and validity is an important step in the qualitative analysis. To elevate
the validity of qualitative research, many academics and individuals continue to believe this
avenue of research introduces the researcher’s conscious or unconscious bias into results
(Sofaer, 1999). Gluud (2006, p. 497) accords with this perception stating “selective or
delayed publication of the findings of trials with unwanted results seems to be a widespread

problem.” With this criticism in mind, in order to establish validity it is necessary for
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researchers to objectively present results and to desist from moulding results to suit their or
other’s agenda or preconception (Sofaer, 1999). Klein and Myers (1999) published what they
regard as seven principles which are of particular relevance for information system
researchers, in order to enhance validity and reliability through the minimisation of study
bias: the hermeneutic circle, contextualisation, interaction between the researchers and the
subjects, abstraction and generalization, dialogical reasoning, multiple interpretations, and

suspicion.

According to Emory and Cooper (1991), participants should be asked to repeat key points
from the interviews at the end of the interviews in order to check reliability. Another
technique to improve validity and reliability is for an interviewer to provide interviewees

with a transcript of the interviews for verification (Alanezi et al., 2012).

In this study, the above two techniques were merged and used in a different way in order to
check reliability because most of the participants are visually impaired students. The
interviewer read a summary of the interview for each interviewee at the end of the interviews
and asked him if that what is he meant. As recommended by other researchers such as Emory
and Cooper (1991), important issues raised in earlier interviews were followed up with
subsequent interviewees. The reliability of the results was ascertained by cross-case analyses,
which showed that there was a recurrence of many of the ideas across participants. Data
validity was checked by comparing the interview findings with the quantitative findings, as
recommended by Sekaran (2003).

To ensure data accuracy, each interview was transcribed and then the transcription was

compared with the sound recording to confirm that it was free of errors. Also, the
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transcription was compared with hand-written notes made by the interviewer during the
interview to ensure that the ideas captured in the transcript and notes agreed.

According to the Creswell (2012), researchers can check the credibility of their findings and
interpretations through strategies such as triangulation, member checking and auditing.
Triangulation is a method of establishing credibility by corroborating evidence from different
sources such as different types of participants, different types of data or different methods of
data collection (Creswell, 2012). Member checking enhances credibility by providing
research participants with information such as interview transcripts or research findings and
inviting them to comment on completeness or accuracy (Creswell, 2012).

In this study credibility was confirmed through both triangulation and member checking
procedures. Triangulation was incorporated by comparing answers to interview questions
from the two different types of participants (users and experts). Member checking was
incorporated by having the researcher read a summary of the discussion with each
interviewee at the end of the interview, and asking the participant whether the summary was

complete and realistic.

7.3 Qualitative Data Analysis

This section will discuss the qualitative study results obtained from the semi-structured
interviews and how these results add to the quantitative study results.

This research adhered to (Denscombe, 2007) four guiding principles used to analysis semi-

structured interviews:

1. Data analysis and consequential conclusions must be specifically drawn from the

collected data.
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2. The researcher’s interpretation of the data must be based on its meticulous analysis.

3. Researchers should not introduce preconceptions into the data analysis.

4. An iterative process should be applied to data analysis.

During this study, a process was followed to analysis the semi-structured interviews. The
interviews were transcribed in Arabic, which is the main language of the interviewees, by the
researcher. The resulting transcripts were carefully read for verification and accuracy. The
transcripts were analysed to determine how far they confirmed the quantitative study results
and to search for interpretations, explanations and deeper understandings of what was already

known from the study’s earlier quantitative phase. Quotes were selected and translated into

English by a professional translator, and have been checked for accuracy by the researcher.

7.3.1 The Effect of PE and EE on Behavioural Intention

Consideration of performance expectancy and effort expectancy have been merged into this
section since most interviewees believed both have the same results and explanations. Eight
of the nine interviewees thought that expectancy of performance and effort should have a
significant influence on the users’ behavioural intention, which is contrary to the results
obtained from the quantitative study. They provided several explanations for why this

relationship was not found to be significant.

The first explanation, suggested by five participants, is that due to the benefits and the
importance of the AT in their daily activities and lifestyle, users may have decided to use AT

regardless of the expected performance or effort. Users need to use AT in their study to be
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able to communicate with others. This means they focus on the need and usefulness of AT

in their life and do not care about performance and effort.

In regard to this explanation, Participant 2 said:

“As an explanation of the results that you have obtained, that could be
because some users use those technologies for daily activity rather than use
it in their study, so they don't feel that using these technologies will help
them in improving their performance or decrease their effort in the study.
Also, another explanation could be that they believe that using these
technologies is important regardless of the performance or effort

expectancy”.

Similarly, Participant 3 commented:

“I believe that these two factors should be significantly related to the
behaviour intention to use AT. However, some users could disagree with my
opinion because they believe that they intended to use the AT regardless of
the performance they will get or the effort they will put in due to the great

benefit of it. Therefore, they feel it is important to use it”.

In addition, Participant 5 confirmed:

“Some users use the AT just for fun. They don’t use it for their study and
they use the traditional tools such as books printed in Braille language. So,
they don’t have an idea about performance or effort expectancy of using

these technologies in their study”.

Participant 7 asserts:

“I believe, using ATs is important in my daily lifestyle and [ am using it every

day to do most of my jobs, not just the study. Therefore, in my opinion,
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expecting a good performance or expecting less effort in my study by using

it will not influence my acceptance of the AT”.

Furthermore, Participant 9 states:

“In my opinion, these factors would not affect user's intention to use AT
because users need to use these technologies even if they do not expect a
good performance or less effort in their study by using it, as it has become

a key tool to help them to communicate with others and for conducting their
daily activities.”
Three interviewees suggested that another explanation is that some users do not use AT in

their study because of lack of training on how to use it, which may mean they see no

correlation with performance or effort expectation.
Participant 6 confirmed this explanation saying:

“I believe these factors are important and related to user's intention to use
the ATs. However, | can expect some explanations why many users feel those
factors are not related to their intention to use the ATs. First, lack of student
training for how to use these technologies in the study can lead to not using
it for their study, which makes them think that expecting a good performance

or less effort does not affect their intention to use the AT”.

In addition, Participant 8 stated:

“The lack of training for users in how to use the AT can be to blame ”.

One interviewee suggested that another reason why AT is not being used in their respective

studies is due to the lack of compatibility with the educational system management at the
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Saudi universities. The educational environment and the study resources are unfit and not

compatible with the AT. Participant 6 confirmed:

“Some lecturers are not aware of people’s needs so they don't provide
material compatible with the AT. This compels those students to use the
traditional methods such as asking someone to read the material for them.

And therefore, students will not use these technologies in their study”.
Finally, the lack of universities' staff awareness about the visually disabled student needs was
suggested by two interviewees as another reason why AT may not be utilized in the students’

study.

Participant 8 confirmed:

"I think there are some reasons that lead these factors to become not
significantly related to the users" intention to use the AT. One reason is the
lack of awareness of users of the AT" benefits in their study. In addition, most
of the lecturers are not qualified to deal with disabled people and they don't
provide them with suitable support and materials. Because of the reasons
above, users can't use this AT in their study and they don't think that this AT

would be useful in their study".

7.3.2 The Effect of SI on Behavioural Intention

The results of interviews show that most participants believe that social impact is one of the
most important factors if issues related to community awareness are considered, with seven
of the nine interviewees expecting that this factor should have a strong impact on users' intent
to use assistive technologies. This is the opposite of what the quantitative results showed.
Interviews were asked to suggest why the quantitative results showed that the social influence

did not significantly affect the intention of users to use assistive technologies.
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An explanation offered by four interviewees is lack of confidence of visually impaired users
in the ability of their friends, family and society to help them decide on the technologies.
Friends and families lack awareness of how visually impaired individuals use AT. Lack of
knowledge on the suitability and benefits of AT, as well as limited family consultation centres
for the visually impaired student's family, are all related to why there is a lack of confidence

for the visually impaired to use the technology.

In this regard, Participant 9 said:

“The social influence could be one of the important factors because family
and friends can help the disabled user to accept and adopt the AT in his or
her study, but in some cases, this cannot happen because the society,
including user's family and friends, need to have more education about the
disabled needs and how they can cope with their psychologically sensitive

situation”.

Similarly, Participant 6 asserts:

“The social influence can be an important factor affecting users' intention
to use AT. However, in the case of visually impaired users, especially in
Saudi Arabia, I think that the social influence would not affect users'
intention to use the AT because of many reasons. One of them, the lack of
families' and friends' awareness about the disabled users’ situation needs,
which leads to lack of trust in their ability to help them in decision making
and, therefore, they believe that their family and friends do not influence

their decisions to use the AT”.

Also, Participant 7 states:
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“I believe people around the disabled person are not aware of his or her
situation. This makes most people with a vision disability to make their

decisions by themselves without reliance on others”.

Moreover, Participant 8 said:

“In my opinion, this is an important factor because society, especially
family, can play a significant role in the users' acceptance of AT. For
example, my disabled brother refused to use this AT, but for a period of time
| could persuade him to use it and now he is a professional user. But, I
believe many families have no effect on the disabled person’s decision in
regards of using the AT because of reasons such as the lack of those families’
awareness about the disabled person's needs, the lack of their knowledge of
the benefits of using this AT, and the lack of the special consultation centres

that support families in this regard”.
Another reason offered by five interviewees is that the visually impaired are psychologically
sensitive and they do not like to feel sympathy from others, even from family or friends.
Therefore, to avoid others' negative feelings, they try to make their own decisions without
consulting them, and they also try to prove to others that they have high confidence in

themselves and they have the ability to make their own decisions.

Participant 6 confirmed this explanation saying:

“Another reason can limit the influence of the social influence on the users
intention to use the AT is that, some friends have incorrect views toward the
disabled person's ability in doing daily activities and jobs (such as they think
this person can't do anything without obtaining help from someone). This
could create a negative attitude toward those friends, and thus he or she will

not allow them to participate in decision making”.
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Participant 6 added:

“Most disabled people usually feel high confidence. Therefore, they try to
prove to others that they have the ability to make their decisions as normal
people. They do this to avoid others' negative feelings as we explained

previously”.

7.3.3 The Effect of SE on Behavioural Intention

Seven of the nine interviewees were not surprised that self-efficacy had no effect on the users'
intention to use the AT and suggested that most visually impaired students believe that
disability gives them the motivation to learn and use technology that will improve their daily
life. This makes them feel that they have sufficient ability and self-efficacy to use assistive
technologies and, even if they do not have sufficient self-efficacy, they will try to develop

their competence to help them use the AT because it is important to them.

Participant 2 confirmed this saying:

“Most of the students that I have daily contact with have good belief in their
self-efficacy, so they like the challenges and they don't feel like giving up.
This can lead to the conclusion that they feel they have the ability to use the

AT and they feel self-efficacy will not stop them from using it”.
Also, Participant 6 asserts:
“Most disabled users have high confidence because they try to prove to

others that they have the ability to do their jobs as normal people. Because

of that, they think self-efficacy doesn't affect their intention to use AT .

Similarly, Participant 5 confirms:
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“I think visual disability gives students motivation to overcome challenges
and difficulties. This is why most of them feel more self-confident. Because

of that, they don't feel that self-efficacy will affect their intention to use AT .

Additionally, Participant 7 states:

“I feel that I have the ability to learn and do any job that I need. Even if |
don't have self-efficiency I will try my best to learn sufficient knowledge that
helps me to use any AT because it is important to me. So, | don't think this

factor will affect my intention to use the AT”.

Furthermore, Participant 9 asserts:

“I believe that disabled users are psychologically sensitive, therefore, even
if they feel they are not self-sufficient enough to use the AT, they will self-
train themselves to use it instead of avoiding it, in an effort to avoid negative

comments from others”.

Participant 4 claims:

“I think users should use these technologies even if they are not self-

confident because they need to get benefit from it”.

7.3.4 The Effect of AN on Behavioural Intention

All nine participants agree that the anxiety of using the AT would not be likely to affect the
user's intention to use it. One possible explanation, offered by four participants, is that users
were not likely to find the technology threatening and so did not experience any anxiety while

using it.
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Participant 8 confirms this explanation saying:

“I think this factor is not affecting users' intention for using AT because most
of the users feel there is no serious anxiety that can change their decision in

using this AT”.

Similarly, Participant 5 confirmed:

“I do not feel anxiety while using AT and I think it's not related to the

intention to use AT”.

Participant 7 asserts:

“I have used the AT for more than 6 years and I didn't feel any anxiety while

using it”.

Participant 6 also states:

“The feeling of high confidence of disabled people make them to not feel the
anxiety of making mistakes. This means they don't think the factor can affect

their intention of using AT”.
Three participants thought that there may be anxiety in the use of the AT the first time, but
this anxiety does not seriously affect users’ intention to use the AT because they can

overcome it.

In this regard, Participant 7 asserts:

“I believe that anxiety is not an important factor that could affect the user's

intention to use the AT. Also, I think users can overcome it easily”.
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Moreover, Participant 1 asserts:

“Users can feel anxiety the first time they use the AT, but after that, they

don't feel any anxiety and that will not affect their intention to use it”.

In addition, Participant 4 said:

“I think anxiety disappears with more experience in using AT, therefore this

factor will not affect users’ intention to use the AT”
Four participants believe that anxiety does not affect users’ intention to use the AT because
they care about the benefits and the importance of using this AT in their daily activities, and

will therefore will use it even if they feel anxiety while using it.

Participant 1 confirms:
“Users will continue to use the AT even if they feel scared of making
mistakes because of the huge benefit of this AT in their life”.

Moreover, Participant 3 asserts:
“I believe this factor does not affect my intention to use the AT because |

don't care about making some mistakes while using the AT. I will still use it

because it is important to me and it helps me within my daily life activities”.

Also, Participant 9 confirms:

“Most disabled users do not feel anxiety while using the AT because they

know how much this AT is important for their life, so they feel this factor

would not affect their intention to use it”.
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Similarly, Participant 2 asserts:

735

“[ think this factor cannot affect users' intention to use the AT, as using these
technologies is more important than the anxiety of using it. Therefore, users

may decide to use it even if they will make some mistakes”

The Effect of AC on Behavioural Intention

The interview data shows that eight of the nine participants believed that accessibility will

not affect the user's intention to use the AT. Seven interviewees suggested that this was

because most users use the AT on smartphones, which are available to use anywhere,

anytime. Therefore, because of the easy access to this AT, they think this factor will not affect

their intention to use the AT.

Participant 2 confirms this explanation saying:

“Most of the users have easy access to AT on their smartphones. This would

make them feel that this factor does not affect their intention to use the AT”.

Also, Participant 9 said:

“In regard to the accessibility of the AT in general, users have easy access
to this technology as they use the AT on smartphones, which is available

anytime everywhere”.

Moreover, Participant 7 states:

“I feel there is no difficulty in accessing the AT as I use it on my smartphone
and if | face any difficulty 1 will ask someone to help me. Also, this will not

affect my intention of using AT.
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Furthermore, Participant 5 confirmed:

“Because I use AT on my smartphone to do all of my work and study jobs,

1 feel the accessibility is not affecting my intention to use AT".

Moreover, Participant 8 asserts:

“Nowadays, the accessibility becomes easier because of the use of the AT
on smartphones, which are available to users anytime. This may lead users

to feel this factor does not affect their intentions to use the AT
Two interviewees also pointed that some Saudi universities provide visually impaired
students assistive technology devices such as "Braille Sense" for free to be used by those
students while they study at university. This can also help them to obtain easy access to use

this AT any time they need this technology.

In regards to this, Participant 1 confirms:

“My University provides each student with "Braille Sense" for free, which
students can use everywhere, anytime. This makes them to not feel any

difficulty in accessibility for using the AT”.

Similarly, Participant 4 asserts:

“My university provides me With a "Braille Sense™ device. This makes me

feel this factor is not important”™

7.3.6 The Effect of ATT on Behavioural Intention

The interview data shows that all but one of the nine interviewees believe that the users’
attitude toward using technology would have a significant influence on the users’ behavioural

intention, which agrees with the results obtained from the quantitative study. They felt that
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negative attitudes towards technology may negatively affect the intention of the user to adopt
and accept the AT. Conversely positive attitudes towards technology will positively affect

the intention of the user.

Participant 2 asserts:

“Of course, a negative attitude toward technology will negatively affect the
user's intention to use the AT, while a positive attitude toward technology

will positively affect the user's intention to use the AT”.

Moreover, Participant 7 states:

“I believe the users' intention to use the AT will be affected by either negative

or positive attitudes toward the technology”.

In addition to that, Participant 5 said:

“I think this factor affects the user's intention to use the AT because I feel
that one of the factors that increased my intention to use the AT is that | care

about exploring new technology, and I like to use technology in general”.

Also, Participant 8 confirmed:

“I expect the negative attitudes experienced by some users in regard to

technology generally may lead them to hesitate in intending to use the AT”.

Furthermore, Participant 1 confirms:
“I believe the attitude toward technology can affect user's intention to use
the AT. For example, | used to like using the technology before I got the

disability. I think this gave me a motivation to use the AT after | acquired

my disability”.
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Participant 6 asserts:

“Having a positive attitude toward technology may lead to increase the
users' intention to use the AT, and also the negative attitude can lead to
decrease in the intention of the users to use the AT. For example, users that
think using AT will be more fun may intend to use the AT more than those

who think using it will be boring .

Also, Participant 3 confirmed:

“This factor certainly affects the user's intention to use the AT, where users

who have negative attitudes toward technology may not use the AT”.

7.3.7 The Effect of FC on Use Behaviour

All of the interviewees believed that facilitating conditions are an important factor and plays
an important role in the actual usage behaviour of the AT user, which agrees with the result
obtain from the quantitative study. They believe that providing the necessary facilitating
conditions, such as necessary resources and knowledge to use the AT, would positively affect
the actual usage behaviour of the AT, while the lack of facilitating conditions will negatively

impact the user in using the AT.

In this regard, Participant 4 confirmed:

“I believe the facilitating conditions are important because it can affect the

user’s actual use in either a positive or negative way .

Also, Participant 9 states:

“In my opinion, providing important resources and knowledge that help
users to use the AT is an important factor and would help increase the actual
use of the AT”.
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Moreover, Participant 6 asserts:

“Of course, this factor will affect the users’ use of the AT as they cannot use
the AT without provision of the necessary facilitating conditions that help
educate them on how to use it. Without these facilitating conditions, the AT

use will decrease”.

Participant 1 said:

“I believe the user's actual use of AT will be positively affected by the
provision of the facilitating conditions. Also, any limitations in these

facilitating conditions will result in an impact of the use of the AT users”.

Participant 2 also clarifies:

“I think this factor is related to the use of the AT, where the actual use of the
AT will increase if the necessary conditions have been provided in order to
use this AT”.

Similarly, Participant 7 justifies:
“Of course, the necessary conditions are important to help users to

regularly use the AT, as it provides them the necessary knowledge to use the
AT”.

Participant 3 confirmed:

“If the necessary conditions to use the AT have been provided, this will help
users to accept this AT and to use it continuously. This means these

facilitating conditions can increase the users’ use of the AT
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7.3.8 The Effect of Bl on Use Behaviour

Logically, a user's intention to use a technology would affect their usage behaviour of this
technology. This is exactly what the quantitative study found, and it was confirmed from the
interviews, where all participants emphasized that the behavioural intention to use assistive

technology strongly affects the usage behaviour of this AT.

Participant 8 confirmed:

“Definitely, a user's intention will affect the user's actual usage of the AT

whether it has a positive or negative ouzcome .

Similarly, Participant 4 states:

“I believe the increase in my intention to use the AT will be reflected

positively in my daily usage of the AT”.

Moreover, Participant 9 confirms:

“I think the user's actual usage of the AT will be affected by the intention of
this user. Where users that have a strong intention to use that AT, they will

use the AT more regularly than those who have less intention to use the AT”.

Also, Participant 5 asserts:

“I think that the strong intention to use the AT will lead t0 increasing the

user's actual usage of AT”.

Furthermore, Participant 6 states:

“I believe the user's behavioural intention to use the AT has a significant
relationship with the user's actual usage of AT because it is logical that a

user who intends to use the AT will use it regularly”.
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7.3.9 Summary of Interviewee Opinions

Table 22 summarises the issues suggested by interview participants that may help explain
why factors investigated in the AVISSA model were not found to significantly affect
behavioural intention (BI). An asterisk in the table indicates that the issue in that row was
proposed as an explanation for the indicated acceptance factor by interviewee in that column.
For convenience, the table also indicates whether each interviewee was a user (U) or expert

(E), and their number of years of experience with AT.

Table 22: Summary of interviewee opinions

Interviewee

112 1|3 1/41|51(6 |7 |8 |9

U|E |U|U|UIE |U E |E |group
Explanation Factor |11|5 |6 |5 |8 [12|6 |15|9 |years
Importance of AT PE/EE x| * * *
No training in AT use PE/EE * * *
AT Incompatibility with uni systems |PE/EE *
Uni staff unaware of AT PE/EE *
Others unfamiliar with AT Sl *|*
Psychological sensitivity Sl * *
Self-confident and motivated SE e e *
AT not threatening AN * *
AT problems easy to overcome AN * * *
Importance of AT AN Il Rl e
Most AT is smartphone based AC Sl Rl i el * | *
AT Provided by uni AC * *
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7.4 Summary

The interviewees suggested a number of factors that may help explain the result of the
qualitative study including the importance and the need of assistive technology, the
psychologically sensitive situation of visually impaired students, the lack of society's
awareness about AT, the lack of training, the lack of compatibility of the Saudi universities
educational management system with the AT, and the lack of universities' staff awareness
about the AT. These new factors suggest that the context of this study is different than the
context of other studies on the acceptance of technology across different fields. This,
therefore, confirms the importance and the need for this study to determine the specific
factors of AT acceptance for the Saudi context. These findings will be discussed broadly in

the next chapter.
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Chapter 8 : Discussion

8.1 Introduction

The main objective of this research is to investigate the factors influencing the use of assistive
technology (AT) by visually impaired students in Saudi universities in an attempt to identify
solutions that could help to increase acceptance and adoption of these technologies. A
quantitative study was carried out to ascertain the relationship between the variables of the
study, and a qualitative follow-up study sought detailed explanations and a deep
understanding of the results obtained in the quantitative study. This chapter contains a
discussion of the results of the quantitative and qualitative studies to provide a clear and
detailed picture of the findings, which helps to understand them more deeply and accurately.
For convenience, the chapter begins with a summary of the findings presented in previous

chapters.

8.2 Summary of Findings

The research framework underlying this research is an extended version of the unified theory
of acceptance and use of technology (UTAUT). The original UTAUT model suggests that
use behaviour (UB) for a technology is influenced by the potential users’ behavioural
intention (Bl) and by facilitating conditions (FC), and that Bl is in turn influenced by
performance expectancy (PE), effort expectancy (EE), and social influence (SI). For this
study, where the focus is on assistive technology use by visually impaired Saudi students, the

model was extended to investigate the effect of four additional factors on BI: accessibility
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(AC), self-efficacy (SE), anxiety (AN), and attitude to technology (ATT). Chapter 4

discusses the research framework and additional factors in detail.

The qualitative study was conducted by surveying visually impaired students in Saudi
universities. The study concluded that some of the hypothesised relationships between
variables were confirmed while others were rejected as having no significant effect on the
acceptance and use of assistive technologies by the target audience. In particular, the
quantitative study confirmed that the behavioural intention (BI) of visually impaired Saudi
students in regard to the use of assistive technology is influenced by their attitude to
technology (ATT), and that their use behaviour (UB) is influenced by Bl and by facilitating
conditions (FC). However, the study found that, in contrast to some previous studies in other
domains, there was no significant effect on Bl of performance expectancy (PE), effort
expectancy (EE), social influence (SI), self-efficacy (SE), accessibility (AC), or anxiety

(AN).

To follow up the quantitative study and seek explanations for the difference between these
results and those of others, the qualitative study was conducted using semi-structured
interviews with both visually impaired students in the Saudi universities (users) and
individuals who work in the disability units in Saudi universities and who, therefore, have

experience in the use of assistive technologies (experts).

From the interview discussions, two explanations emerged as to why Bl for the target

audience was not significantly influenced by either PE or EE:
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e Because AT is so important to the daily lifestyle of visually impaired students, they
will use it regardless of the expected performance or effort.

e Even though visually impaired students use AT in their daily lives, poor support for
AT inside some universities means that they are simply unable to use it for their study.
Suggested aspects of poor support included lack of training, staff unawareness, and

incompatibility of university systems with AT.

Similarly, interviewees suggested two explanations for why social factors did not

significantly influence BI:

e Since most family members and friends of visually impaired students are not
themselves visually impaired, they may be unaware of the benefits of AT or the needs
of its users.

e Visually impaired university students are often confident in their ability to make

decisions for themselves and are therefore less dependent on the opinions of others.

Interviewees were unsurprised that neither self-efficacy nor anxiety significantly affected Bl
because most visually impaired students see the benefit of AT for their daily life and are,
therefore, highly motivated to learn how to use it and quickly overcome any anxiety. Finally,
interviewees pointed out that since most users in the target audience use smartphone-based
AT, accessibility is rarely an issue, which means that a significant effect on Bl would be

difficult to detect.
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8.3 AT Acceptance for Visually Impaired Students in Saudi Arabia

The results of the qualitative study show that some of the factors that played a significant
role in influencing technology acceptance in other contexts were not significant in the context
of this study, where the focus is on acceptance of assistive technology by students with visual
disabilities in Saudi universities. This section discusses reasons for these differences as
suggested by interview participants. The discussion is organised under several themes that

emerged from the interviews.

8.3.1 Dependence on Assistive Technology

Assistive technology provides a way for individuals with visual disabilities to interact with
the outside world and to help themselves to live their lives as independently as possible,
which in turn helps them to increase their self-confidence and integrate into society. Indeed,
given the importance and great utility of these technologies in daily life, many visually

impaired people believe that acceptance and adoption of this technology is essential.

Many studies have confirmed the importance of AT for visually impaired individuals. For
example, Linda et al. (2018) found that visually impaired individuals consider that the use of
assistive technologies on a daily basis is very important in reading, writing, and mobility, and
that people with visual impairments are often more dependent on assistive technology than

are people with other disabilities.

The relationship between the importance of AT to disabled users and their adoption and use
of technology is consistent with a study by Fakrudeen et al. (2017), which considered the use

of technology by school students in Saudi Arabia and found that disabled secondary students
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use technology more than disabled primary students, largely because secondary students are
more familiar with the technology. Although Fakrudeen et al. didn’t investigate university
students explicitly, the comments from interview participants in the current study suggest
that students with disabilities at the undergraduate level are even more self-sufficient in their
use of technology than are school students, perhaps because of their experience in using the

technology over a longer time.

Interview participants were of the opinion that the importance of AT to visually disabled
students may help explain why the quantitative study did not find that several UTAUT factors
were significant determinants for behavioural intention (BI) for this cohort of users. In
particular, they felt that because visually disable students see AT as essential to their daily
life, they are likely to use the technology for their study even if they do not have high
expectations of its performance (PE) or if they find that it requires significant effort to use

(EE).

Interview participants also suggested that the same effect might explain why there was no
significant effect of either self-efficacy (SE) or anxiety (AN) on BI: students will be
motivated to master the technology even if it requires considerable commitment on their part,

or even if they are initially anxious about use of the technology.

8.3.2 Limited Awareness of Visual Disability

Although most adults are broadly aware of disabilities and many would know of someone
who is disabled, unless they themselves are disabled it is unlikely that most people have a
detailed awareness of the needs of disabled people or the importance and benefits of assistive

technologies. This lack of understanding is perhaps especially true for visually disabled
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people, because many people take sight for granted and find it difficult to imagine what it
might be like for those who lack it. Indeed, it isunlikely that even close friends and immediate
family members of visually disabled individuals will fully understand the needs or fully

realise the importance and benefits of AT.

Others have investigated the general community’s limited awareness of disability and of the
benefits of AT. For example, Down and Stead (2007) found that there is inadequate
awareness of how ATs can provide an opportunity for independent living, and Al Rub and
Al Ahmed (2014) found that one of the difficulties that hinders students with disabilities is
the lack of specialised counselling centres to provide family and friends of disabled students

with advice on ATSs.

Interview participants felt that society's lack of awareness about the needs of disabled people
and lack of knowledge about the importance and benefits of ATs for those with disabilities
may make users with visual impairment less inclined to be influenced by people around them,
including family and friends, with regard to the use AT. This could help explain why the
quantitative study did not find a significant relationship between behavioural intention (BI)

and social influence (SI).

From the interviews it was clear that most interviewees thought that, with regard to
technology acceptance in general, social influence would be expected to influence
behavioural intention. However, for AT acceptance by visually impaired students, they were
unsurprised to see that it was not significant. They pointed out that the social circle for
visually impaired students often includes many non-disabled people who are themselves

unlikely to have any first-hand experience of AT. When considering use of AT, interviewees

163



felt that visually disabled students would be likely to rely more on the opinions and advice
of experts (and, of course, of any in their social circle who are also visually disabled) and

less on the views of their wider circle of family and friends.

8.3.3 Psychologically Sensitive of Disabled Users

Interview participants also identified the psychological sensitivity of disabled users as a
factor that may help explain the results of the quantitative study. They felt that disabled
people may be strongly influenced by what they perceive as pity or sympathy from others,
even if it comes from friends or family and is well intended. For example, if friends or family
show compassion towards a disabled user because of their disability the user may be
embarrassed. Interviewees felt that this effect may be particularly strong in Saudi Arabia,
where there is a culture where it is thought that disabled individuals cannot do anything by

themselves or without obtaining help from others.

The importance of psychological support for disabled students was reported by Salend (2005)
and Shapiro (1999), as cited by Alquraini and Gut (2012). The studies emphasize the need
to support the family of students with visual disabilities, pointing out that the family often

plays a major role in maintaining the psychological welfare of the students.

The result can be that disabled users of AT are more inclined to make their own decisions
about matters that arise out of their disability, hoping to minimize their reliance on others.
For example, a visually disabled user might not wish to involve friends or family in choosing
or adopting AT for their study. This in turn could help explain the finding that the
behavioural intent (BI) of visually impaired students concerning AT was not significantly

affected by self-efficacy (SE). Even if users were not initially confident in their use of AT,

164



their determination not to rely on others may have motivated them to seek the information

they needed and gain the skills they lacked.

8.3.4 Availability of AT in Saudi Arabian Universities

Discussion with interview participants also identified several problems with availability of
AT in the Saudi context that are likely to affect the adoption of ATs by university students.
Although these issues are about availability rather than acceptance, interview participants
pointed out that they may have had a secondary effect on the results reported in the

quantitative study.

For example, survey respondents from universities where AT for visual disability was not
available (or at least not easily available) may have been unsure how to respond to survey
questions about effort expectancy (EE). They may have reasoned: “As the technology is
unavailable at my university, then no amount of effort would influence my intention to use
it.” Interview participants felt that it is possible that this effect may have masked the
relationship between EE and BI. A similar effect may have masked the relationship between
behavioural intention and both performance expectancy (“No matter how good it would be,

I can’t use it””) and accessibility (“I have access to the AT, butI can’tuse it to get the materials

I need”).

Interestingly, interviewees felt that the ready access to AT via smartphones (most AT for
visual disability is now based on smartphones) may have further contributed to the masking
of the relationship between behavioural intention and accessibility: (“I’ve never had any
difficulty accessing the AT, so it’s not going to influence whether or not [ use it in my study™).

The result of easy access to technology afforded by smartphones, particularly in developing

165



countries that have limited fixed infrastructure such as power and wired networks, was
reported by Kafyulilo (2014), who investigated the use of phones in education in Tanzania.
The study found that students feel comfortable using phones in education and believe that

phones are the most accessible way to use information technology.

System Incompatibility with Assistive Technologies

Interviewees pointed out that incompatibility of current ATs with the learning management
system in some Saudi universities can result in difficulty using the AT in study activities,
which limits the benefit of the AT for students with disabilities. For example, a student with
a visual disability may not be able to read educational content through the learning

management system or website.

A similar conclusion was reached by Alquraini and Gut (2012), who found that the use of
learning management systems that support access to curricula, such as the Universal Design
for Learning (UDL), will encourage visually impaired students to use ATs in education, as
well as help teachers to create curriculum materials suitable for disabled students. A study
by Fakrudeen et al. (2017) identified a specific problem for Saudi students: there is a lack of
AT that is compatible with the Arabic language, and most of the curricula materials in Saudi

schools and universities are in Arabic.

Lack of Training in Use of AT in Education

Interviewees also pointed out that training for visually impaired users on how to use AT in
their education is one of the most important ways to increase the use of AT, and that,

conversely, the availability of AT without training could be highly inefficient. Even if they
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were using AT in their daily life, interviewees felt that visually impaired students in Saudi
universities may not be able to use the AT in their study activities. Unless the university
provides appropriate training in the use of AT to access study materials and the university’s
learning management system, students may not be able to access the materials and services

they need for their study.

This observation is supported by a study by Kapperman et al. (2002, p. 107), which found
that 60 % of visually impaired students who study in the primary and secondary schools in
[llinois, USA could not benefit from using AT because of the lack of training. Moreover,
many studies, such as those by Demiris et al. (2005) and Rahimpour et al. (2008), have
demonstrated the requirement for specific training to promote the adoption of AT. Indeed,
Murphy et al. (2008) found that training is one of the most important issues to address in

promoting AT, and that without training the use of AT is daunting.

Teacher Unawareness of Visual Disability

The final issue that interviewees identified with regard to limiting factors affecting
availability of AT for visually disabled students in Saudi universities is the lack of awareness
amongst university lecturers and staff about the needs of disabled students. They felt that
this lack of awareness could result in a failure to take into consideration the needs of students,
such as by providing study materials in a manner consistent with assistive technology so that

students can access and benefit from these materials.

Other researchers have reported on the importance of teacher awareness in promoting the use

of AT. For example, a study by Kapperman et al. (2002) found that suitable teacher training
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on the needs of visually impaired students helps teachers to be aware how the students will
use AT, which is an important factor to increase AT use. Similarly, Bin Tuwaym and Berry
(2018) assert that teacher training and familiarity with AT can help visually impaired students
to use the AT in their study activities. Finally, Alquraini and Gut (2012) considered
curriculum adaptation by teachers to suit the needs of the visually impaired students who use
AT, and the important role that appropriate adaptation plays in helping those students to

achieve success in their studies.

8.3.5 Relationship Between Explanatory Themes and Acceptance Factors

Table 23 summarizes the previous discussion of the relationships between the themes that
emerged from the qualitative study and the AVISSA model factors that the quantitative study
investigated as possible determinants of behavioural intention (BI). Specifically, it considers
those factors that were expected to influence BI but were found not to have a significant
effect. For each theme, an asterisk in a particular factor column indicates that interview
participants felt that the given theme plays a role in explaining why that factor was found not
to may not have had a significant effect on behavioural intention (BI) in the context of

acceptance of AT by visually disabled Saudi university students.

The table can be read in two ways: to see what factors each theme affects, and to see which
themes affected a particular factor. For example, the table shows that interviewees felt that
the importance of AT to visually disabled students contributed to the finding that
performance expectancy (PE), effort expectancy (EE), anxiety (AN), and self-efficacy (SE)

were not significant in determining behavioural intention (Bl). And interviewees felt that
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both the importance of AT to visually impaired students and the psychological sensitivity of

disabled users contributed to the finding that anxiety was not significant in determining BI.

Table 23: The relationship between explanatory themes and model factors.

Theme a m ) (<-E) <ZE &
Importance of AT * o * O *
Limited community awareness *

Psychological sensitivity * | *
Availability of AT in universities * *

Cells marked with a (*) shows the relationship between explanatory themes and model
factors that were found not to have a significant influence on behavioural intention

8.4 The Effect of Context on Technology Acceptance Model Factors

Perhaps unsurprisingly, the explanatory themes that emerged from the interviews in the
qualitative study are all related to the particular details of the study: the characteristics of the
potential users of the technology (visually impaired students), the kind of technology
(assistive technology), or the environment of its use (universities in Saudi Arabia). In other
words, the information provided by interviewees suggests that the reasons for the difference
in findings between this current study and previous studies derives from the context of the
study: factors that are significant in some contexts are not significant in others. The
conclusion that follows is that technology acceptance models such as UTAUT do not apply

equally well in all contexts. This matter is further discussed in Section 9.7.3.

The current study is not the first to have reported this context dependency. Although, several
UTAUT -based studies, including those by Al-Gahtani et al. (2007), Venkatesh and Zhang
(2010), and Chu (2013), have confirmed that technology acceptance is significantly affected

by performance expectancy (PE), effort expectancy (EE), and social influence (SI), others
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have found that one or more of the UTAUT factors are not significant in specific contexts.
For example, lIsabelle and Sandrine (2009) used UTAUT to investigate technology
acceptance in the context of acceptance of knowledge management systems in France and
found that PE and EE were not significant behavioural intention determinants. Similarly,
Martins et al. (2014) found that SI was not a significant Bl determinant when considering

acceptance of internet banking in Portugal.

The same effect also applies to the additional factors investigated in the AVISSA model: the
context in which technology acceptance is investigated appears to have a marked effect on

which factors are significant and which are not.

Table 24 summarizes the findings of technology acceptance studies conducted in a range of
contexts, indicating which factors were found to have significant effect on behavioural
intention (BI1) and which were not. The table includes studies that used the original UTAUT
model (discussed in section 4.2.1), and studies that investigated the additional AVISSA
factors (discussed in section 4.2.2). For completeness, the table also indicates the findings of
the current study and the original UTAUT model. In the table, Y indicates that the factor
was found to be significant, N that it was found not to be significant, and — that the factor
was not investigated in the study. A blank cell indicates that information is not available.
The table shows that studies of the same factor in different contexts may reach different
conclusions as to the significance of the factor. For example, Abbad et al. (2009) found that
self-efficacy (SE) had a significant effect on acceptance of E-learning in Jordan, but Ong el
at. (2004) found that it was not significant in the context of E-learning acceptance by

engineers in high-tech companies.
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Table 24: Significance of factors on Bl for technology acceptance studies.

Study Context ol =l E
B3 << <o

Current study AT for students with visual NN/ N/N|N|Y|N
disability in Saudi universities

Original UTAUT by Not specific Y| Y|Y|-|N|N|N

Venkatesh et al. (2003)

Al-Gahtani et al. (2007) Cultural effects on organizational |Y |Y |Y | -| -] -] -
IT: Saudi Arabia vs. North
America

Venkatesh and Zhang Technology acceptance: US vs. Y Y|Y|-|-]-]|-

(2010) China

Chu (2013) Internet intermediary platformsin |Y | Y |Y | -| -] -] -
China

Isabelle and Sandrine Knowledge management systems |N|N| - | -|-|-|-

(2009) in France

(Martins et al., 2014) Internet banking in Portugal Y Y|N| -|-|-]|-

Venkatesh and Davis Not specific -] - - -Y

(1996)

Abbad et al. (2009) E-learning in Jordan -l - - -1-1-1Y

Davis (1989) Y

Motaghian et al. (2013) Web-based learning systems by -1 -1-]-1-]-|N
Iranian university staff

Ong et al. (2004) E-learning systems by engineers | - | - |-|-|-|-|N
in high-tech companies

Venkatesh and Bala (2008) -l -1-1-1Y]|-|Y

Elasmar and Carter (1996) |E-mail use by university students |- | - |-|-|Y|-| -
in the US

Igbaria and Chakrabarti Business students in the US -l -1 - -lY -

(1990)

Karahanna and Limayem | E-mail use at a financial -l - - Y- -

(2000) institution in the US

Teo et al. (2003) Not specific -l - - Y -] -

Rice and Shook (1988) Electronic messaging in an - - Y -] -
aerospace firm

Kafyulilo (2014) Mobile learning in Tanzania -l - -|IN|-]-]-
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Study Context ul ol = ||: o

alw o I n
Taylor and Todd (1995) IT usage in Canada -l - - - - Y-
Tan and Teo (2000) Internet banking in Singapore -l - - - - Y-
Asianzu and Maiga (2012) |E-tax services in Uganda -l - - - -1Y -
Colesca (2009) E-government in Romania -l - - - -Y -

Finally, several researchers point out that the significance of some technology acceptance
factors changes over time, so that factors that played a larger role in the past may now be less
important. For example, Venkatesh and Bala (2008) found that technology anxiety (AN) is
decreasing in importance as more individuals gain experience with using the technology, and
Alamri (2017, p. 55) found that accessibility to assistive technology (AC) has become less
of an issue in Saudi Arabia because most AT for visual disability is smartphone based and
the rapid spread of smartphones in Saudi Arabia (the number of smartphone users reached

around 16 million by 2016) means that most users now have ready access to the technology.

8.5 Summary

The study reported in Chapter 6 investigated acceptance of assistive technology (AT) by
visually disabled students in Saudi universities and found that the data does not fit well with
the widely used Unified Theory for Acceptance and Use of Technology (UTAUT).
Specifically, in contrast with the UT AUT model, this study found that behavioural intent (BI)
was not significantly affected by either performance expectancy (PE), effort expectancy

(EE), or social influence (SI).

Interviews with both AT expertsand AT users identified several themes that collectively help

explain these differences:
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e AT users—and particularly visually disabled users—are very dependent on the
technology for many aspects of their lives.

e The general Saudi community has limited understanding of the needs of AT users or the
potential benefits of the technology.

e In Saudi culture, disabled users are often sensitive to the attitudes of others, including
those of family and friends.

e AT is not well supported in some Saudi universities, with incompatible systems, limited

training, and poor awareness of AT

It is notable that all of these themes are related to specific details of the context of the
technology under consideration: the themes relate to AT (and specifically AT for visually
disabled users), to Saudi culture, or to the university environment in Saudi Arabia. This
observation suggests that technology acceptance models may be context dependent, and that
factors that influence technology acceptance in some contexts may not in others. This finding
is consistent with other studies that have investigated technology acceptance factors: for each
of the factors considered, studies in some contexts have found the factor to significantly affect

acceptance but studies in other contexts have found that it does not have a significant effect.
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Chapter 9 : Conclusion

9.1 Introduction

This chapter presents an overview of the study including what has been achieved in relation
to the study goals. The final findings will be presented in brief. In addition, the contributions
of the study will be discussed as well as study recommendations, limitations, and suggestions

for future research.

9.2 Summary of Study Outcomes

The main aim of this study was to investigate the factors that shape the acceptance of assistive
(AT) by visually impaired students in the Saudi Arabian universities. The study showed that
the factors influencing technology acceptance in this context differed from those previously

found to influence acceptance in other contexts.

This research is based on the Unified Theory of Acceptance and Use of Technology
(UTAUT), using an expanded model that incorporates factors that have previously been
found to be important in AT use. According to the original UTAUT model, acceptance is
influenced by performance expectancy (PE), effort expectancy (EE), social influence (SI),
and facilitating conditions (FC). This research also considered access (AC), self-efficacy
(SE), anxiety (AN), and attitude to technology (ATT). Analysis of data from a survey of
visually impaired students in Saudi universities showed that only one of the original UTAUT
factors (FC) and only one of the additional factors (ATT) had a significant effect on AT

acceptance.
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A follow-up study was conducted using semi-structured interviews of users (visually
impaired students) and experts (workers in disability support units) to seek explanations for
the differences between these results and those obtained in other contexts. Interviewees
suggested several context-specific reasons why acceptance factors may be different for
assistive technology (rather than other technologies), for university students (rather than

other demographics), or for Saudis (rather than citizens of other countries).

e Theimportance of AT in the daily activities of visually disabled users may incline
users to overlook problems with performance, ease of use, anxiety, and self-
efficacy.

e Limited community awareness of disabilities and assistive technologies in Saudi
Arabia may lead users to discount the opinions of friends and family.

e Disabled users in Saudi culture may be sensitivity to perceptions of pity, which
may result in a determination to be self-reliant in making decisions about their

disability.

Interviewees felt that these factors may help explain why survey respondents were not
particularly influenced by PE (“I need to use the technology no matter how well it performs”),
EE (“as I have few alternatives, I’'m going to use it even if it’s difficult”), SI (“members of
my social circle don’t really understand my needs, so their opinions about AT aren’t as
important to me”), AC (“the technology is on my phone so access isn’t a problem”), AN
(“I’ve had to overcome many anxieties, so one more isn’t a problem”), or self-efficacy (“I

like to manage by myself and am happy to learn what’s need to master the technology™).
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The interviews also identified a number of concerns about availability of AT in the Saudi
university sector, including incompatibility of AT with university IT systems, lack of training
in the use of AT, and poor staff awareness of the needs of disabled students. Although not
directly related to user acceptance, interviewees felt that addressing these issues would

improve the level of use of AT in universities.

9.3 Contributions of the Study

This research has made contributions in 3 areas:

e It has contributed to technology acceptance modelling by extending the UTAUT
model so that it specifically addresses assistive technology in education.

e It has contributed to technology acceptance studies by evaluating the extended
model in a real-world context.

e It has contributed to the Saudi educational system by investigating factors that

shape acceptance of AT by visually disabled Saudi university students.

The extended UTAUT model (AVISSA) includes all of the components of the original
UTAUT model, plus additional factors identified in the literature as playing a role in the
acceptance and use of assistive technology. In conjunction with the AVISSA model, a new
survey instrument was developed to gather information about user’s attitudes to acceptance
of assistive technology. The new instrument is based on the existing instrument used with
UTAUT, with the wording modified to specifically refer to assistive technology in the

educational context, and additional questions added for each of the additional acceptance
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factors. The additional factors are discussed in 4.2.2, and the AVISSA model is described in
detail in Chapter 4. The new survey instrument is discussed in Section 5.5.1.

The AVISSA model and survey instrument were evaluated in the context of a study to
investigate factors affecting assistive technology acceptance and use in Saudi universities.
The investigation was motivated by a lower-than-expected AT uptake by Saudi university
students and solutions to overcome barriers to use. Data was gathered from an online survey
of visually disabled students in Saudi universities, and validity of the survey instrument was
verified using a pilot test of the questionnaire as discussed in Section 5.5.3. Chapter 5

describes the methodology for the study.

The survey results were analysed using structural equation modelling with the partial least-
squares technique (PLS-SEM). Analysis of the survey results found that only one of the
original ATUAT factors and one of the additional AT-specific factors had a significant
impact on acceptance in the study context. To follow up the findings, structured interviews
were conducted with AT users and AT support workers. The interviews identified study-
specific factors that help explain differences between results in the study context and results
of other UT AUT-based studies. Chapter 6 describes the survey data and its analysis in detail.
Chapter 7 presents the results of the follow-up interviews, and Chapter 8 discusses how issues

identified in the interviews relate to the model factors.

9.4 Answers to the Research Questions.
This section provides brief answers to the research questions identified in Chapter 1, together

with pointers to where in the thesis further information can be found.
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Q1: What are the factors shaping attitudes towards the adoption and acceptance of

assistive technologies for vision impaired students in Saudi universities?

Of the factors included in the UTAUT model, this study found only facilitating conditions
(FC) to have a significant effect on acceptance. Similarly, of the additional factors added to
the extended model, only attitude to technology (ATT) was found to have a significant effect.
Other UTAUT model factors such as performance expectancy (PE), effort expectancy (EE),
and social influence (SI) did not appear to have a significant effect. Nor did other extended
model factors such as access (AC), anxiety (AN), or self-efficacy (SE). In other words, the
study found that visually disabled Saudi university students were likely to accept AT if they
had a positive attitude to technology and if the conditions were in place for them to use it
effectively.

The data and analysis on which these findings are based is presented in Chapter 6 and follow-
up interviews with stakeholders to seek deeper insights into the findings are presented in
Chapter 7. Chapter 8 discusses study-specific issues identified by the interviewees that may

help explain the results.

Q2: How well do current technology acceptance models account for acceptance of

AT by vision impaired students in Saudi universities?

The short answer is “not very well”. The difference between results obtained in this study
and those obtained in UTAUT-based studies in other contexts suggests that current

technology acceptance models are context-dependant. Although they may give good results
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in some contexts, they may not work at all well in others. The degree to which the results of
this study match the UTAUT model is analysed in 6.5.6. and the matter of context

dependency of acceptance frameworks is discussed at length in Section 8.4.

Q3: How can the acceptance of assistive technology for visually impaired students in

Saudi universities be improved?

Only two of the acceptance model factors considered in this study were found to influence
acceptance, so the model offers limited help in increasing AT acceptance in the study context.
The significant effect of facilitating conditions on use suggests that universities should ensure
that conditions are in place to support effective student use of AT. But the significant effect
of attitude to technology on behavioural intent is not something that universities can do much
about, since for many people their interest in technology (or lack of it) is innate. Ina negative
sense, the study provides some guidance in that it suggests that efforts to make the technology
perform better, easier to use, or more accessible are unlikely to improve acceptance, and that
when deciding to use the technology users are not concerned about the opinions of their peers
or their own ability to master it.

An issue that emerged strongly from the stakeholder interviews is that lower-than-expected
use of AT in Saudi universities may be less to do with acceptance and more to do with
availability. Interviewees pointed out that availability of AT in some Saudi universities is a
problem, with teaching delivery systems that are incompatible with AT and teaching staff
that do not understand the needs of disable students or make curriculum materials available

in suitable form. Even if disabled students are ready and willing to adopt assistive technology
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in their studies, they will be unable to use the technology if it isn’t available. These issues

are discussed at length in Chapter 8.

9.5 Study Recommendations

This section describes recommendations that arise out of the contributions that this study has

made to the research community. The recommendations are directed at three groups: the

Saudi government, Saudi university administrators, and friends and family of disabled Saudi

students.

9.5.1 Recommendations for the Saudi Government:

To achieve the digital transformation of Saudi society that is at the core of Saudi
Vision 2030, the Saudi government must focus on developing the infrastructure to
support the digital conduct of e-government and e-learning (Saudi Vision 2030,
2018). For these services to be made available to disabled Saudis, government and
education systems and sites must be compatible with assistive technology.

The results of the quantitative study showed that social influence have little effect on
acceptance of AT by visually impaired students, the qualitative study suggested that
this could be because community members such as families and friends have
insufficient knowledge of the importance of assistive technologies for people with
disabilities. Because of the influence of family and society on an individual’s
decisions in the Saudi culture, the Saudi government should provide services such as
counselling for disabled students and their families, and information centres and

publicity campaigns to raise awareness about visual disability and the role that the
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community plays in supporting visually impaired individuals and helping them to
integrate into society more broadly.

The Saudi government should support research on assistive technologies for people
with disabilities. Research is needed to find ways to improve acceptance of AT in the
Saudi context, as well as for adapting existing technology to the Saudi environment

and developing new technologies for Saudi-specific needs.

9.5.2 Recommendations for Saudi Universities:

Saudi universities should provide better support for disabled students, including an
education environment that is compatible with their needs and appropriate
infrastructure. All Saudi universities should provide specialised disability support
units to foster continued study.

Saudi universities should provide training for disabled students on how to use
assistive technologies in the educational environment, thus enhancing opportunities
for using these techniques.

All Saudi universities should provide learning management systems compatible with
assistive technologies to allow visually impaired students to access educational
content without difficulties, thus promoting and motivating students to use assistive
technologies in the learning environment.

Saudi universities should educate faculty and staff about the needs of visually
impaired students and encourage them to provide materials that are compatible with
assistive technologies so that students with disabilities can benefit from these

materials.
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Saudi universities should provide professional development of teachers as researchers
and encourage research into issues relevant to the Saudi context, such as the use of

emerging assistive technologies.

9.5.3 Recommendations for Family and Friends:

The community, including family and friends, should be better informed about the
needs of visually impaired students and the capabilities of technologies to assist them.
In particular, family and carers should understand the benefits and operation of
assistive technologies so that they can better support the student in making decisions
about using and adopting this technology.

The results of the study showed that visually impaired people are psychologically
sensitive and they tend to make their own decisions to avoid expressions of
compassion from others around them. However, the importance of social factors in
Saudi culture suggests that family and friends can have a positive influence on the
decision-making process of disabled students if they interact positively. Therefore, it
is important for family and friends to know how they can positively interact with

disabled students commensurate with their psychological state.

9.6 Scope of the Study

Although this study is specifically focused on studying the factors affecting the acceptance

and adoption of assistive technologies by students with visual disabilities in Saudi

universities, it is likely that outcomes from the study will have applicability beyond that

scope. For example, findings about factors that affect assistive technology use for Saudi

university students may well apply to students at other levels in the Saudi education system,
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and findings that apply in Saudi Arabia are likely to apply in other countries with similar
culture and circumstances, such as other Arabic countries, other Islamic countries, or even
other developing countries. Finally, it is likely that recommendations for Saudi government
and administrators in relation to access to assistive technology in universities will also

facilitate access to other technologies and in other contexts.

9.7 Study Limitations and Future Work

This section identifies the key limitations of this study and suggests future research to address

those limitations.

9.7.1 Limited Sample Size

The survey that underlies this study was sent to all Saudi universities that had an identifiable
disability support unit and forwarded to all visually disabled students registered with those
units. In total, around 300 survey invitations were sent out to students in 6 universities, and
87 responses received. But the true size of the population of visually disabled university
students is unknown because many Saudi universities do not have a disability support unit or
do not record information about student disabilities. Further, universities with disability
support units are generally large, well-resourced institutions and are located in large cities.
Whether or not students at these institutions are representative of the broader population is

also unknown.

To validate and consolidate this study, further work should be conducted to more fully sample
the target population. The current study was able to establish significant relationships with

technology acceptance for only 2 model factors. Although the SEM analysis described in
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Chapter 6 hinted that other factors may be important, no other relationship was statistically
significant. With larger sample sizes, it may be possible to identify other significant

contributors to acceptance.

This study approached all potential participants in the target group and used a range of
strategies to maximise the participate rate, as discussed in sections 5.5.2 and 5.6.2. To
significantly expand the sample size, it would be necessary to contact a broader range of
disabled students, including those who have not formally registered with disability support
units, and those who attend universities that do not have such units. Consideration could also
be given to extending the reach to other stakeholders in the field, such as classroom teachers

or friends and family of disabled students.

9.7.2 The Rapid Pace of Change

Like most computer-based technologies, computer-based assistive technologies continue to
undergo rapid development. New devices and new platforms -- or new ways of using devices
and platforms -- are continually becoming available. For example, rapid advancement in
text-to-speech and speech-to-text technology on the mobile platform has revolutionised the

ability of visually disabled students to read study materials and produce written work.

Significant change is also underway in the Saudi context, directed by the Saudi Vision 2030
program and fuelled by the growth of technology and social pressure. Like many other
developing countries, Saudi society is rapidly adopting new ways of working, studying, and

relaxing and technology is playing a central role.
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In response to these rapid changes, it will be necessary to regularly update technology-based
studies. The results of a study such as this may soon be overtaken by changes in either the

technology itself or in the way in which it is applied.

9.7.3 A Better Model for Acceptance

An important outcome of this research is to demonstrate that the UTAUT model does not fit
the study context well, although which aspect of the context caused the misfit remains to be
identified. Was it that the technology under consideration was assistive technology for visual
disabilities? Was it that the demographic was university students? Was it some aspect of
Saudi culture or society? Or was it some combination of all of these aspects? Further studies
will be required to explore these questions, with a view to identifying the factors that do

influence technology acceptance in the Saudi university context, rather than those that don ’z.

From a broader perspective, it is certainly true that in some contexts technology acceptance
modelling has proved helpful in identifying barriers to technology acceptance and suggesting
how those barriers can be overcome. However, general-purpose models such as UTAUT
have been most successful when modelling technology acceptance for the adoption of
“general” IT by “mainstream” users in a “westernised” environment. As this and other
studies have shown, many important technology acceptance problems occur in contexts that
do not fit this pattern and thus are not well served by the UTAUT model. Further work is
needed to refine and enhance technology acceptance frameworks by capturing relevant
aspects of the technology, the user, or the environment. Such advances will be of
considerable benefit to technology designers and system administrators. And, of course, the

ultimate beneficiaries will be the technology users.
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Appendix A. Questionnaire in English

(Assistive Technology is: Any item, piece of equipment, or product system, whether acquired commercially off the shelf,
modified, or customized, that is used to increase, maintain, or improve functional capabilities of individuals with
disabilities)
Part one. Citizen demography: Please choose the most appropriate answer for the
following items.

Q1) Gender
o Male o Female
Q2) What is your age?
o 18-21 o 22-25 o 26-30 o 31-34 o Above 34
Q3) What is your current education level?
o Diploma degree o© Bachelor O Master o Doctorate or
degree degree higher
Q4) How would you rate your computer skills?
O Beginner O Intermediate o Advance
Q5) How often do you use Assistive Technology?
o Once a month o A few times a month
o A few times a week O Once aday
o Several times a day
Q6) How long have you been visually impaired?
o Since birth O More than 10 o 10-5years O Lessthan5
years years
Q7) What is your level of vision impairment?
O Moderate visual O severe visual o Blindness
impairment impairment
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Q8) Select the type of Assistive Technology that you normally use. (You can

choose more than one).
Screen Readers
Optical Character Recognition
Text Windows
Smart phone applications

© O OO

Braille Technologies
Electronic Dictionaries
Text Telephones
Others

Part two. Performance Expectancy: Please choose how much you agree with each of

the statements within your general experience with Assistive Technology.

Item

Strongly
Disagree

Disagree

Neutral

Agree

Strongly
Agree

Using Assistive Technology is useful for my study.

Using Assistive Technology enables me to accomplish tasks
more quickly.

Using Assistive Technology increases my productivity.

If I use Assistive Technology, | will increase my chances of
getting a good grade.

Using Assistive Technology wastes my time.

Using Assistive Technology decreases the time needed for

my important study responsibilities.

Part three. Effort Expectancy: Please choose the degree to which you believe that using

Assistive Technology would be free of effort.

Item

Strongly
Disagree

Disagree

Neutral

Agree

Strongly
Agree

My interaction with Assistive Technology would be clear
and understandable.

It would be easy for me to become skilful at using Assistive
Technology.

I would find Assistive Technology easy to use.

Learning to operate Assistive Technology is easy for me.
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I find it easy to use Assistive Technology to get the
knowledge that | want.

I find flexibility when dealing with assistive technology.

Part four. Social Influence: Please choose the degree to which you agree with the

following statements.

ltem

Strongly
Disagree

Disagree

Neutral

Agree

Strongly
Agree

People who influence my behaviour think that I should
use Assistive Technology.

People who are important to me think that I should use
Assistive Technology.

The staff of the university have been helpful in the use of
Assistive Technology.

In general, the university has supported the use of
Assistive Technology.

I would use Assistive Technology if my friends used
them.

The university lecturers are very supportive of the use of
Assistive Technology for my study.

Part five. Facilitating Conditions: Please choose the degree to which you agree with

the following statements.

Item

Strongly
Disagree

Disagree

Neutral

Agree

Strongly
Agree

I have the necessary resources to use Assistive
Technology.

I have the necessary knowledge to use Assistive
Technology.

Assistive Technology is compatible with other systems |
use.

A specific person (or group) is available for assistance
with Assistive Technology difficulties.

I have enough experience to use Assistive Technology.

I think that Assistive Technology fits well with my
learning style.

Part six. Attitude toward using technology: Please choose the degree to which you

agree with the following statements.

ltem

Strongly
Disagree

Disagree

Neutral

Agree

Strongly
Agree
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Using Assistive Technology is a good idea.

Assistive Technology makes study more interesting.

Studying with Assistive Technology is fun.

I like studying with Assistive Technology.

Using Assistive Technology is boring.

Using Assistive Technology is pleasant.

Part seven. Behavioural intention to use the AT : Please choose the degree to which

you agree with the following statements.

Strongly . Strongly

Item Disagree Disagree | Neutral | Agree Agree
I intend to use Assistive Technology frequently.
I predict that | will use Assistive Technology in the future.
I predict | will continue to use Assistive Technology on a
regular basis.
I plan to use Assistive Technology in my study.
I will do my study activities using Assistive Technology.
Part eight. Self-efficacy: Please choose the degree to which you agree with the
following statements.

Strongly . Strongly
Item Disagree Disagree | Neutral | Agree Agree

I could complete a task using Assistive Technology if
there was no one around to tell me what to do as I go.

I could complete a task using Assistive Technology if |
could call someone for help if | got stuck.

I could complete a task using Assistive Technology if |
had a lot of time to complete it.

I could complete a task using Assistive Technology if |
had just the built-in help facility for assistance.

1 will be able to successfully overcome many study
challenges by using Assistive technology.

I am confident that | can perform effectively on many
different tasks by using Assistive Technology.

Compared to other vision impaired students who don't
use Assistive Technology, | can do most tasks very
well.
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Part nine. Anxiety: Please choose the degree to which you agree with the following

statements.

ltem

Strongly
Disagree

Disagree

Neutral

Agree

Strongly
Agree

| feel apprehensive about using Assistive Technology.

It scares me to think that | could lose a lot of information
using Assistive Technology by hitting the wrong key.

| hesitate to use Assistive Technology for fear of making
mistakes | cannot correct.

Assistive Technology is somewhat intimidating to me.

I would be reluctant to use Assistive Technology because
I'm not too familiar with it.

Part ten. Accessibility: Please choose the degree to which you agree with the following

statements.

ltem

Strongly
Disagree

Disagree

Neutral

Agree

Strongly
Agree

I have easy access to Assistive Technology devices in the
university.

Easy access to Assistive Technology devices in many
locations in the university will help me.

The installation of Assistive Technology devices in my
classroom is important for my success.

Easy access to Assistive Technology devices at home and
university is helpful.

Mobile and portable Assistive Technology devices that |

can bring anywhere will be useful.

Part eleven. Use behaviour: Please choose the degree to which you agree with the

following statements.

Item

Strongly
Disagree

Disagree

Neutral

Agree

Strongly
Agree

I want to use Assistive Technology to perform my study
activities.

| frequently use Assistive Technology.

I use Assistive Technology on a regular basis.

Most of my study tasks were done using Assistive

Technology.
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Thank you very much for your time and valuable contribution to this research.

> If you have any further comment or suggestion, please include it in the following
space:

» If you are interested in receiving the results of this study or participating further,
please add your email.
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Appendix B. Questionnaire in Arabic
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Appendix C. Quantitative Study Ethics Approval

Project No.:

Project Title:

Principal
Researcher:

Email:

Approval Date:

FINAL APPROVAL NOTICE

7261

Extension of The Unified Theory of Acceptance and Use of Technology
model (UTAUT) to determine factors affecting acceptance and use of
Assistive Technology for vision impaired students in the Saudi
universities

Mr Saeed Alshahrani

alsh0316@flinders.edu.au

1 June 2016 Ethics Approval Expiry Date: 31 July 2018

The above proposed project has been approved on the basis of the information contained
in the application, its attachments and the information subsequently provided.
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Description of the study:

This study is part of the project entitled ‘Use the UTAUT model to determine factors
affecting acceptance and use of Assistive Technology (AT) for vision impaired in the
Saudi universities.” This project will investigate the current state of acceptance of
use Assistive Technology in Saudi universities and attempt to suggest appropriate
protocols, infrastructure and applications to enhance the adoption of AT in Saudi
universities. This project is supported by Flinders University School of Computer
Science, Engineering and Mathematics.

Purpose of the study:
This study aims to:

1. To determine the factors shaping attitudes towards the adoption and
acceptance of assistive technologies for vision impaired students in the Saudi
universities.

2. To develop and introduce a set of instruments to test the constructs and
context of Performance expectancy, Effort Expectancy, Attitude toward using
technology, Social influence, Facilitating conditions, Behavioral intention,
Self-efficacy, Anxiety, Accessibility and Use behaviour for the purposes of
measure Assistive Technology acceptance of vision impaired students in the
Saudi universities.

3. Tofind out the influence of UTAUT moderators on individual's perceptions to
use Assistive Technology in the Saudi Universities.

What will | be asked to do?

You will simply be asked to answer a questionnaire that is exploring your adoption
and acceptance of use Assistive Technology. The questionnaire is also seeking to
identify strategies and applications that may be of benefit in this technology.

The questionnaire is not expected to take more than 15 minutes.
This is voluntary.
What benefit will I gain from being involved in this study?

The sharing of your experiences will improve the planning and delivery of future
programs. There will be no direct benefit to you as an individual for taking part in
this evaluation.

Will 1 be identifiable by being involved in this study?
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We do not need your name and your responses will be anonymous. All data
collected for the project will be de-identified, and any comments you make will not
be linked directly to you. While every attempt will be made to ensure anonymity
given the nature of submission for this questionnaire we cannot guarantee
complete anonymity as you will be required to physically deliver your completed,
sealed within an envelope survey to a submission box located in the department.

Are there any risks or discomforts if | am involved?

The investigator anticipates no risks from your involvement in this study. We only
seek your comments on your experiences in using AT. If you have any concerns
regarding anticipated or actual risks or discomforts, please raise them with the
investigator.

How do | agree to participate?

You can agree to participate by taking an information pack and completing the
survey. Participation is voluntary. You may choose not to answer any questions,
and you are free to withdraw from the questionnaire at any time without effect or
consequences.

Thank you for taking the time to read this information sheet and we hope that
you will accept our invitation to be involved.

This research project has been approved by the Flinders University Social and Behavioural
Research Ethics Committee (Project number 7261). For more information regarding ethical
approval of the project the Executive Officer of the Committee can be contacted by telephone on
8201 3116, by fax on 8201 2035 or by email human.researchethics@flinders.edu.au
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Appendix D. Interview Questions in English

Interview Questions

This interview seeks your views of the results of a survey about attitudes of visually
impaired students towards acceptance and use of assistive technology (AT). Before
participating in the interview, please carefully read the document entitled Quantitative
Report, which provides a background to the project, the research methodology, and the
results of the survey.

Your details

e What university do you study in / work to?
e What is your position?
e How would you likely describe your experience with AT?
e What types of AT you use / deal with?
Your views

Category 1: Performance expectancy

e How does 'expecting good performance' affect the 'intention to use AT? Why?

Category 2: Effort expectancy

e How does 'expecting less effort when using AT 'affect the 'intention to use it?
Please elaborate?

Category 3: Social influence

e How does social influence affect the 'intention to use AT? Why?
Category 4: Accessibility

e How does the degree to which a person has the ability to access and use AT can
affect the 'intention to use AT? Please elaborate?

Category 5: Self-efficacy

e How does increasing a user's ability to perform a specific task by using AT can
affect the 'intention to use it? Please elaborate?

Category 6: Anxiety
e How does anxiety about using AT can affect a user's intention to use it? Why?

Category 7: Attitude toward using technology

219



e How does the user’s attitude towards technology can affect the behavioural
intention to use AT? Please elaborate?

Category 8: Behavioural intention to use AT
e How does the intention to use AT can affect actual user behaviour? Why?
Category 9: Facilitating conditions

e How does facilitating conditions such as obtaining resources and knowledge
necessary to use AT can affect actual user behaviour? Please elaborate?

Category 10: additional information

e Please choose the most important factors of the following factors to indicate your

view of'its effect on the user’s acceptance of AT.
Performance expectancy

...... Effort expectancy
...... Attitude toward using technology
Social influence

Facilitating conditions

...... Self-efficacy

e Why do think these factors are very important?

e What other factors do you believe can affect a user’s acceptance of assistive
technology?

e Do you have any further comment or suggestion?

Thank you very much for your time and valuable contribution to this research.
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Appendix E. Interview Questions in Arabic
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Appendix F. Qualitative Study Ethics Approval

Project No.:

Project Title:

Principal
Researcher:

Email:

Approval Date:

FINAL APPROVAL NOTICE
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Extension of The Unified Theory of Acceptance and Use of Technology
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Assistive Technology for vision impaired students in the Saudi
universities

Mr Saeed Alshahrani

alsh0316@flinders.edu.au

1 June 2016 Ethics Approval Expiry Date: 31 July 2018

The above proposed project has been approved on the basis of the information contained
in the application, its attachments and the information subsequently provided.
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Flinders University

Ph: 82012827
paul.calder@flinders.edu.au
Description of the study:

This study is part of a project to evaluate adoption and acceptance of Assistive
Technology (AT) for visually impaired students in the Saudi universities. The project
aims to identify problems or difficulties that prevent widespread use of AT in
universities in Saudi Arabia and determine the factors that influence its acceptance,
and then propose and evaluate solutions that could help to increase acceptance and
adoption of AT in universities. We have already surveyed visually impaired students
in Saudi Arabian universities to collect information about their use of AT and their
attitudes to using AT in education. In this stage of the research, we are looking to
follow up the survey by interviewing both AT users and experts in the field and asking

them about the survey results.
What will | be asked to do?

Before the interview, you will be given a copy of the Quantitative Report, which
provides a more detailed background to the project, the research methodology, and
the results of the survey phase. Please read the report carefully because the

interview will relate to the survey results.

During the interview, you will be asked for your opinion about issues explored in the
survey and about possible explanations for the survey results. A copy of the
interview questions is attached. Interviews will generally be conducted via Skype
and an audio recording will be done for this interview for the purpose of
documentation and will be arranged at a mutually agreeable time. The interview is
not expected to take more than 45 minutes, and you can withdraw or decline to

answer a question at any time. Of course, information you provide will be confidential
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and you will not be identified in any way in any publications that arise from this

research.

Thank you for taking the time to read this information sheet and we hope that
you will accept our invitation to be involved.

This research project has been approved by the Flinders University Social and Behavioural
Research Ethics Committee (Project Number7950). For more information regarding ethical
approval of the project the Executive Officer of the Committee can be contacted by telephone on
8201 3116, by fax on 8201 2035 or by email human.researchethics@flinders.edu.au
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Quantitative Report

Purpose of the Study:

This study aims to determine the factors shaping attitudes towards the adoption and
acceptance of assistive technologies (AT) for visually impaired students in Saudi Arabian
universities. The primary goal is to identify problems or difficulties that prevent widespread
use of AT, and then propose and evaluate solutions that could help to increase acceptance

and adoption of AT by Saudi university students.
Research Methodology

The underpinning framework for the investigation is the Unified Theory of Acceptance and
Use of Technology (UTAUT), a model that has been widely used to understand technology
acceptance. The original UTAUT model includes 4 factors that have previously been shown
to influence technology acceptance in general: performance expectancy (PE), effort
expectancy (EE), social influence (SI), and facilitating conditions (FC). For this study, the
model was expanded to include 4 additional factors that were identified through a review of
the literature as likely influences for adoption of assistive technology in particular: attitude
toward using technology (AT), self-efficacy (SE), anxiety (AN) and accessibility (AC).

Table 1 summarises UTAUT variable factors and their definitions.
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The degree to which an individual believes that
using the assistive technology will help attain
gains in study performance.

The degree of ease associated with the use of
the assistive technology.

The degree to which an individual perceives
that most people who are important to him or
her think he or she should use the assistive
technology.

The individual's positive or negative feeling
about performing the use of assistive
technology.

The degree to which an individual believes that
he or she has the ability to perform specific a
task using assistive technology.

The degree of an individual’s apprehension, or
even fear, when he or she is faced with the
possibility of using assistive technology.

The degree to which a person has the ability to
access and use the assistive technology.

The degree to which a person has formulated
conscious plans to perform or not perform
some specified future behaviour.

Factors in the environment that facilitate the
use of the assistive technology.

The degree to which a user actually uses
assistive technology.

Table 1: UTAUT variable factor definitions

A questionnaire was developed by adapting an instrument that has previously been used in
UTAUT studies. The wording of questions was modified to explicitly focus on assistive
technology in a university setting, and new questions were added to address newly added
factors. All questions asked respondents to indicate their degree of support for statements
that explored attitude towards technology factors, using a 5-point Likert scale. In addition,
the survey gathered demographic data on age, gender, educational level, experience with

computer skills and with AT, and the period and level of visual impairment.
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Data about the use of AT and about student attitudes to use it in their education was collected
through on-line survey of visually impaired students in Saudi universities. To ensure that the
data provided a good representation of the whole country, all Saudi universities that have an
established disability support unit were identified, and permission obtained from the head of
unit to distribute participation invitations to all registered visually impaired students. In total,
200 invitations were distributed and 87 completed questionnaires were received. 3

questionnaires were incomplete and were discarded, leaving 84 usable responses.

The results of the analysis of the survey data are discussed in following sections. The focus
of the current phase of the research is to interview users and experts in the field in order to
validate the survey results and seek strategies for improving acceptance and use of assistive

technologies in Saudi universities.
Demographic Analysis

Table 2 summarises demographic information about the survey responses.

Male 45 53.6
Female 39 46.4
18-21 17 20.2
22-25 34 40.5
26-29 15 17.9
30-33 14 16.7
More than 33 4 4.8
Since birth 62 73.8
More than 10 years 15 17.9
9-5 years 4 4.8
Less than 5 years 3 3.6
Moderate visual impairment 14 16.7
Severe visual impairment 37 44
Blindness 33 39.3
A few times a month 5 6
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Variable Frequency % (n=84)

A few times a week 8 9.5
Once a day 2 24
Several times a day 69 82.1
Computer skills Beginner 23 27.4
Intermediate 40 47.6
Advanced 21 25

Table 2: Demographic summary

Based on the 84 valid survey responses, most respondents were male (53.6%) and the largest
group was aged 22-25 (40.5%). Moreover, most respondents have had some form of visual
impairment since birth (73.8%) and most have either severe visual impairment or blindness
(total of 83.3%). Finally, most respondents utilize AT several times daily (82.1%), and the

most frequent computer skills rating was intermediate (47.6%).
Quantitative Analysis

The survey data was analysed by applying the Partial Least Squares method (using the Smart
PLS package) to assess the strength of relationships in the UT AUT Structural Model, which
is shown in Figure 1. PLS was chosen because it is considered well suited for explaining

complex relationships with limited data sets.

In all, 9 hypothesized relationships were tested: the influence on behavioural intention (BI)
of performance expectancy (PE), effort expectancy (EE), social influence (SI), attitude
towards using technology (AT), self-efficacy (SE), anxiety (AN), and accessibility (AC), and

the influence of Bl and facilitating conditions (FC) on use behaviour (UB).
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Figure 1: UTAUT Structural Model
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The assessment procedure included an examination of model fit indices and standardised
Structural Equation Model (SEM) path coefficients to provide a basis upon which to accept
or reject the hypothesised relationships. For a relationship to be supported, the important test
statistic is the p-value test where the relationship can be significant at three levels: if p-value
<0.001 the relationship is considered very strong; if p-value <0.01 the relationship is strong;
if p-value <0.05 the relationship is less strong but still significant. Larger p-values indicate
that the relationship is not statistically significant, which means that the hypothesis is not

supported. Table 3 summarises the strength of support for each hypothesised relationship.

Hypothesis SEM Path P Values Hypothesis testing result
H1 PE -> BI 0.229 Not supported

H2 EE -> BI 0.560 Not supported

H3 Sl -> Bl 0.289 Not supported

H4 ATT -> BI 0.033 supported

H5 SE -> BI 0.108 Not supported

H6 AN -> Bl 0.395 Not supported

H7 AC -> Bl 0.921 Not supported

H8 Bl -> UB 0.000 Very strongly supported
H9 FC -> UB 0.008 Strongly supported

Table 3: Support for hypothesised relationships

As the table shows, the survey data suggests that the respondents’ behavioural intention to
use assistive technology (Bl) very strongly affects their use behaviour (UB), with a p-value
<0.001. Facilitating conditions (FC) also had a strong effect on UB, with a p-value <0.01.
Of the factors hypothesised to affect behavioural intention, only attitude toward using
technology (AT) had a significant effect, with a p-value <0.01. The survey data did not show
that any other factors significantly affect behavioural intention to use assistive technology,

although researchers have previously reported significant effects in other contexts.
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Appendix G. Descriptive Statistics of the Observed Variables

84 3.00 5.00 4.79 0.47 -2.11 3.89
84 2.00 5.00 4.68 0.56 -1.99 5.22
84 3.00 5.00 4.64 0.55 -1.25 0.64
84 1.00 5.00 4.39 0.78 -1.61 3.82
84 1.00 5.00 4.37 0.94 -1.78 3.18
84 1.00 5.00 4.24 0.83 -1.25 2.16
84 1.00 5.00 4.27 0.90 -1.91 4.76
84 1.00 5.00 4.23 0.80 -1.31 2.84
84 2.00 5.00 4.23 0.70 -0.56 0.03
84 1.00 5.00 4.23 0.84 -1.57 3.86
84 2.00 5.00 4.20 0.79 -0.83 0.41
84 2.00 5.00 4.20 0.72 -0.91 1.35
84 1.00 5.00 3.44 1.19 -0.30 -0.64
84 1.00 5.00 3.80 1.15 -0.86 0.10
84 1.00 5.00 2.87 1.29 -0.10 -1.09
84 1.00 5.00 3.12 1.35 -0.25 -1.20
84 1.00 5.00 2.61 141 0.23 -1.25
84 1.00 5.00 3.31 1.17 -0.54 -0.32
84 1.00 5.00 3.13 1.15 -0.16 -0.86
84 1.00 5.00 4.05 0.71 -1.10 3.60
84 1.00 5.00 3.46 0.97 -0.50 -0.01
84 1.00 5.00 2.98 1.46 -0.03 -1.33
84 1.00 5.00 3.89 0.86 -0.82 0.88
84 1.00 5.00 4.30 0.76 -1.24 2.93
84 4.00 5.00 4.79 0.41 -1.42 0.01
84 2.00 5.00 4.39 0.74 -1.15 1.04
84 2.00 5.00 4.43 0.70 -1.04 0.67
84 1.00 5.00 4.40 0.81 -1.58 3.12
84 1.00 5.00 4.42 0.91 -1.92 3.97
84 2.00 5.00 4.20 0.72 -0.72 0.56
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84 2.00 5.00 4.39 0.66 -0.89 0.87
84 2.00 5.00 4.56 0.65 -1.46 2.16
84 2.00 5.00 4.42 0.79 -1.49 2.05
84 1.00 5.00 4.46 0.81 -1.88 4.18
84 2.00 5.00 4.55 0.68 -1.68 3.17
84 2.00 5.00 4.08 0.85 -0.76 0.10
84 1.00 5.00 4.08 0.82 -1.08 191
84 1.00 5.00 4.07 0.90 -1.25 2.11
84 1.00 5.00 3.55 0.96 -0.39 -0.12
84 2.00 5.00 4.56 0.59 -1.33 2.72
84 3.00 5.00 4.63 0.51 -0.83 -0.68
84 1.00 5.00 4.27 0.95 -1.71 3.35
84 1.00 5.00 1.77 1.05 1.38 1.21
84 1.00 5.00 2.63 1.25 0.17 -1.26
84 1.00 5.00 1.95 1.04 1.08 0.60
84 1.00 5.00 1.94 1.19 1.23 0.49
84 1.00 5.00 1.52 0.86 1.92 3.80
84 1.00 5.00 2.85 1.31 -0.13 -1.12
84 1.00 5.00 4.48 0.81 -1.91 4.28
84 2.00 5.00 4.46 0.78 -1.50 1.83
84 3.00 5.00 4.71 0.48 -1.30 0.48
84 4.00 5.00 4.82 0.39 -1.71 0.94
84 2.00 5.00 4.56 0.72 -1.92 3.98
84 2.00 5.00 4.45 0.72 -1.53 2.87
84 2.00 5.00 4.24 0.87 -1.04 0.45
84 1.00 5.00 4.26 0.92 -1.31 1.47
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