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Introduction

Nowadays, technology is an essential component
in our society. Considering its impact in the edu-
cational system, Information Technology (IT)
cannot be dissociated from the educational pro-
cess and from pedagogical practices. The role of
technology is so essential in our lives today that it
is necessary that students develop organizational,
problem-solving, and critical skills to meet the
demands of an increasingly technological work
world and be fully integrated members of the
society.

Since the mid-1980s, the trend has been the
inclusion or inclusive education, in which the
emphasis is placed on students with disabilities
being included in regular education system. This
inclusive model focuses on students belonging in
general classrooms, and the successful inclusive
education happens primarily through accepting,
understanding, and attending to student’s differ-
ences and diversity.

To achieve inclusion, it is necessary to be
aware that all children and students have the
capacity for learning and for educational develop-
ment. Therefore, each school must find ways to
deal with the difference, adapting teaching pro-
cesses to the characteristics and conditions of each
student, mobilizing the means at their disposal so
that everyone learns and participates in the learn-
ing process. IT is crucial for people with disabil-
ities and special educational needs and using them
in schools to support inclusion can enable them to
communicate, be included in lessons, be more
autonomous, and learn more effectively (BECTA
2003).

Visual impairment (blindness, partial sight,
and color blindness) is a disability category and
includes the range from low vision, students who
are partially sighted and can generally read print,
to full blindness, the ones who are blind and
cannot read print. Students with visual impair-
ment, depending on their individual circum-
stances, “may not be able to rely on the sense of
sight to obtain information, observe their sur-
roundings, and learn about the world” (Presley
and D’Andrea 2008, p. 4). The implications of
not being able to use all visual capability can
affect aspects of life and learning of students
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with visual impairment. Thus, abstract reasoning
and conceptual thinking are often problem areas
for these students.

Visual impairment is inevitably associated
with several limitations regarding electronic
accessibility, but students with vision impair-
ments cannot be excluded from technological
evolution. Therefore, it is imperative that they
benefit from technologies, promoting their digital
inclusion, communication, autonomy, and
involvement in learning.

Assistive Technology (AT) and Digital
Technology

Information and communication technology
(ICT) is a specific area of IT and when concerned
with educational systems includes mainstream
technologies, assistive technologies, media and
accessible formats, educational software, and
online learning environments (UNESCO 2011).
Assistive technology is “software and technology
which helps people with disabilities and special
needs to overcome the additional challenges they
face in communication and learning” (BECTA
2003, p. 3).

Technology innovations are a central factor
to education. Much of the assistive technology
for individuals with visual impairments has
focus on accessing information (Kelly and
Smith 2011); however, information technolo-
gies play several enabling roles for these stu-
dents, such as enabling impairment
compensation, accessing information, facilitat-
ing communication, assisting learning, arrang-
ing and sustaining support, increasing
collaboration, and achieving social connection
and participation (Pacheco et al. 2017). Yet,
learners with visual impairment face difficulties
with accessibility of websites, course learning
management systems, and digital audio and
video (Fichten et al. 2009b).

The first assistive technology devices were
tools such as the slate and stylus, a handheld
device, used to create braille. After these, manual
braillewriters were developed, ensuring a faster
production of texts with braille symbols, and in
the early 1900s, audio technology, such as radios

and recorders, arose (Kelly and Smith 2011). With
the technological development, new technologies
for people with visual impairment have been
developed: braille embossers, advanced close-cir-
cuit televisions (CCTVs), scanners and optical
character recognition software, computer screen
readers, compact discs, and many other innova-
tions that can help people with visual impairment
(Kelly and Smith 2011), such as speech synthe-
sizers, talking book libraries, and mobility-aid
solutions for mobile phones.

Nowadays, many technologies which aim to
decrease the impact of visually impairment are
under development. In 2017, during the Low
Vision Awareness Month, the National Eye Insti-
tute, part of the USANational Institutes of Health,
highlighted new technologies and tools to help the
4.1 million Americans with visual impairments;
among them, the co-robotic cane, the robotic
glove that finds door handles and small objects,
the smartphone crosswalk app, and the CamIO
(camera input-output) that provides real-time
audio feedback as the user explores an object
(DeMott 2017).

Students with visual impairment have also dif-
ficulty in accessing graphical materials (Butler
et al. 2017). In order to overcome this barrier,
students can use technologies such as sonification,
haptic feedback, integrated e-book delivery on
touchscreen, and three-dimensional printed tactile
models (Simui et al. 2018). These technologies
have been developed to help individuals with
visual impairment to access graphical informa-
tion, though not yet in extensive use (Simui et al.
2018).

However, and despite the wide range of tech-
nological resources, there are many barriers in
receiving and using them by students with visual
impairment due to internal and external factors.
The lack of awareness, services, products, and
financial barriers are some of the issues mentioned
by researchers and international organizations
(Bhatt and Kumari 2015; UNICEF and WHO
2015). Furthermore, students with visual impair-
ment are reluctant to use these tools, once they
face frustration and social embarrassment and do
not want to draw attention to themselves for fear
of failing to handle them properly (Bhatt and
Kumari 2015).
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Learning by Social Media Platforms

Besides ICT, IT also covers digital tools such as
social media platforms, mobile devices, and
applications, but yet, there is no empirical evi-
dence of the role played by these last ones (Grif-
fin-Shirley et al. 2017; Pacheco et al. 2017).
Social networking services and portable devices
are additional opportunities for accessing infor-
mation and the preferred means of communica-
tion by students with visual impairment. These
technological means are being used by these
students as a complementary environment for
informal and individualized learning (Pacheco
et al. 2017). Computer mediates communication,
both synchronous and asynchronous, and gives
blind or partially sighted students the opportu-
nity to participate actively in classroom activi-
ties, interact and communicate easily with their
peers (Arrigo 2005).

Permvattana and Hollier (2013) refer that the
ability to access online tutorials in YouTube,
researching using Twitter, and sharing ideas
using blogs conducts to benefits for education.
The social network service Facebook is the most
used networking service (Voykinska et al. 2016;
Wu and Adamic 2014), and it is used as a com-
munication channel, overcoming the constraints
of time and space and making communication
better and quicker (Pacheco et al. 2017). Wu and
Adamic found that users with visual impairment
“participate on Facebook (e.g. status update, com-
ments, likes) as much as the general population,
and receive more feedback (i.e., comments and
likes) on average on their content” (2014,
p. 3133). So, “students with vision impairments
adapted social media to respond to their personal
learning needs” (Pacheco et al. 2017, p. 8) and
now use social media tools and applications to
support online knowledge sharing and academic
collaborations (Pacheco et al. 2017).

However, blind social networking services
users face challenges in interacting with it due to
“pervasive visual elements, complicated page
structure, and infinitely scrolling feeds that are
incompatible with screen readers” (Voykinska
et al. 2016, p. 1593). Moreover, “the use of
JavaScript to create highly dynamic web pages

can cause problems for screen readers, and bugs
related to accessibility can be harder to capture
and reproduce” (Wu and Adamic 2014, p. 3133).
As a drawback, all these problems cannot be
suppressed by the W3C Web Content Accessibil-
ity Guidelines alone, because it has guidelines to
make content accessible to a wider range of peo-
ple with disabilities (Buzzi et al. 2012).

Despite this, the evolution of information tech-
nology and the specific development of assistive
technologies are removing barriers and enabling
the same access to people with visual impairment
as anyone (Wu and Adamic 2014). However,
there is still much more that needs to be done to
ensure universal accessibility to web content
(Fichten et al. 2009a; Voykinska et al. 2016).

Learning Through E-learning

Though Internet is the main mean to access infor-
mation, students with visual impairment appreci-
ate “the fact that via ICTs they can search, retrieve
and access a larger amount of information and
from different sources” (Pacheco et al. 2017,
p. 5). With the widespread of the Internet, it was
possible to develop virtual learning environments
and apply these systems in teaching and learning
process. Nowadays, e-learning is becoming a
valuable tool in visually impaired students’ learn-
ing process (Kharade and Peese 2012) and has the
potential to facilitate inclusion of these students
(Fichten et al. 2009a). Kharade and Peese define
e-learning:

as the delivery of a learning, training or education
programme by electronic means covering a wide set
of applications and processes, such as web-based
learning, computer-based learning, virtual class-
rooms and digital collaboration. (2012, p. 440)

The same authors consider that e-learning
stimulate remote learning for students with visual
impairment, enable teachers to provide remote
assistance to these students, and promote continu-
ing education for visual impaired adults. So, e-
learning leads to “more effective and efficient
methods for acquiring and transferring knowledge
beyond the traditional classroom environments”
(Buzzi et al. 2012, p. 125).
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Learners with visual impairments must adapt
and use e-learning, as this is one of the most used
tools in postsecondary education by teachers to
support the learning process (Fichten et al.
2009a). E-learning leads to the inclusion of stu-
dents with visual impairments in classrooms, facil-
itating the access to class materials without
assistance (Fichten et al. 2009a). However, Fichten
et al. (2009b) observed that there is a reduced use of
e-learning by teachers of learners with visual
impairments in colleges and universities and they
have lack of knowledge working with it.

Educational materials created for sighted stu-
dents are often inappropriate for learners with
visual impairments; therefore, these students
with disabilities face particular challenges at an
e-learning environment due to the unsuccessful
support of assistive technologies and learning
materials accessible issues (Fichten et al. 2009a;
Permvattana and Hollier 2013). Educational
materials should be provided through several
means: visual, auditory, and tactile (Buzzi et al.
2012), making them accessible to everyone,
including people with disabilities.

Teaching, Learning, and Information
Technologies

According to Teles (2011), visual impairment is
perhaps the most undervalued area concerned to
information technologies and special educational
needs. However, the access to appropriate tech-
nology enables learners with visual impairment to
better adjust to the traditional learning processes
and use of sources of information as their peers
(Alves et al. 2009).

Students with visual impairment have the right
to expect the same level of education just like any
other students, but they face relevant difficulties in
terms of accessing and using electronic learning
tools and struggle to maintain the required learning
pace, leading this to lower achievements (Eligi and
Mwantimwa 2017; Permvattana and Hollier 2013).
According to UNICEF and WHO, “the correlation
between low education outcomes and having a
disability is often much stronger than the correla-
tions with other characteristics” (2015, p. 16).

Almost all education is going digital.
Onukotun’s, cited by Eligi and Mwantimwa,
reveals that information technologies “do not only
enhance access to information but also promote
education and lifelong learning” (2017, p. 88).
Information technologies allow learners with
visual impairment to access information and the
general curriculum. They help to increase the inde-
pendence of blind and partially sighted students,
minimizing the deprivation of perceiving images,
gestures, and colors. The use of computers, speech
synthesizers, and screen magnifiers provide access
and enable the production of digital information.
Therefore, technologies are means to overcome the
lack of vision, expanding opportunities to commu-
nicate and to develop personal autonomy; more-
over, it stimulates cognitive development and
enhances and leverages the appropriation of
knowledge, skills, and information (Sá et al. 2007).

The speed on information processing by stu-
dents with visual impairment is allowed and
improved with the use of a screen reader for
reading with audio support (Jackson 2012).
Besides, it permits better understanding of texts,
shortening the time required to complete the tasks
(Jackson 2012; Pacheco et al. 2017). With the use
of optical devices, research shows improvements
in the students’ silent reading speeds and compre-
hension rates (Corn et al. 2002).

Many studies emphasize the potential of using
IT in education of people with visual impairment
(Bhatt and Kumari 2015; Fuglerud 2011; Jackson
2012; Kelly and Smith 2011; Pacheco et al. 2017;
Papadopoulos and Goudiras 2005; Pattillo et al.
2004; Wu and Adamic 2014; Zhou et al. 2012);
however, few schools and teachers implement
information technologies to successfully support
learning and teaching process (Nwigbo and BK
2016). In this sense and contrary to other studies,
Bano et al. (2011) research shows that braille
literacy, for their sample, was more important
than the computer software literacy in the educa-
tion of students with visual impairment, having
more positive responses towards the first one. The
dissatisfaction with the computer education at
these students’ schools is highlighted in this
research, as well as, the absence of teachers with
technological required experience.
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In schools, the means are not always available
or suited to the real needs of students with or
without special education needs (Ribeiro et al.
2010). It is crucial that schools ensure access to
appropriate and necessary technology to students
with visual impairment (Abner and Lahm 2002),
but more importantly, suit technology to educa-
tion goals and standards, and have a vision for the
use of it to support the curriculum (Nwigbo and
BK 2016). It is important these students with
special educational needs learn to use assistive
technology to access electronic information, so
they can participate more equally with their
sighted classmates (Presley and D’Andrea 2008).

By keeping an open mind, becoming comfortable
about technology and its pervasive role in our lives,
encouraging students to explore and use technology
to the fullest extent possible, and promoting skills
through opportunities for practice, professionals
working with students who are visually impaired
can help them to excel in today’s competitive
world – and tomorrow’s as well. (Presley and
D’Andrea 2008, p. 16)

IT supports new learning experiences for stu-
dents with visual impairment, providing and
improving this way a quality education (UNESCO
2011), a wide range of opportunities and the quality
of the teaching and learning process (Fuglerud
2011). Broadly speaking, the actual challenge is to
provide technological access and training (technol-
ogy education) for the students with visual impair-
ment to support learning and teaching (educational
technology) (Nwigbo and BK 2016), making the
best use of technology throughout their academic
progression.

However, it is important to emphasize that tech-
nologies by themselves do not mediate learning but
just provide influence on learning strategies, so it
could not be thought as a global solution but
“should be considered as a support to the learning
process” (Söderberg and Fellenius 2000, p. 70).

Teachers’ Role on Visually Impaired
Learners’ Education

Despite the increasing independency of learners
with visual impairments, all teachers are prominent
elements in their educational process and have an

important role to guide these students to overcome
their difficulties and achieve academic success.
Ramos and Andrade found on their study that
teachers are aware that “ICT promote the transmis-
sion of knowledge and improve the teaching and
learning process, contributing to academic success,
autonomy and inclusion of students who are blind
or partially sighted” (2016, p. 638).

However, many regular teachers are
unprepared and fearful to deal with most of the
tools and applications designed for students who
are visually impaired (Ramos and Andrade 2016).
This fact leads to a lower application of IT with
learners with visual impairment (Ramos and
Andrade 2016). Moreover, teachers are not
reflecting IT on their daily classroom role due in
part “to the pressures they perceived to meet their
individual obligations of teaching a range of clas-
ses” (Hartnell-Young 2003, p. 2).

The use of IT by students who are visually
impaired depends on the encouragement given
by teachers and it is constrained by initial and
continuous training acquired by those (Smith
and Kelley 2007). Research indicate that teachers
of learners with visual impairment do not have the
necessary training on IT area (Abner and Lahm
2002; Ramos and Andrade 2016; Smith and
Kelley 2007; Zhou et al. 2011); however, this
lack of specific training is more severe for teachers
in regular classroom than for special education
teachers (Papadopoulos and Goudiras 2005). So,
it is important that teachers get more training on
how to work with visually impaired learners
(Simui et al. 2018), as well as pedagogical support
(Alves et al. 2009).

The teachers’ lack of training is one of the
significant problems which prevents them from
achieving the full advantages of IT use in educa-
tional practices (Ribeiro et al. 2010). Teachers
need time to plan, learn how to integrate technol-
ogy and implement it (Nwigbo and BK 2016),
thus taking advantage of their beliefs on IT poten-
tial as promoter of inclusive education (Alves
et al. 2009; Ramos and Andrade 2016) and its
positive impact on the curriculum (Nwigbo and
BK 2016; Ramos and Andrade 2016).

With the current technological requirements
and consequent application of IT at schools, it is
a challenge for teachers to update and expand their
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skills so that their educational activities benefit
from the potential of technological resources.
Although the use of IT in schools is taken seri-
ously by governments and educational systems,
“there appear to be more critical steps and vital
ingredients needed for the successful infusion of
ICT into educational environments” (Nwigbo and
BK 2016, p. 1).

With the technological development,
teachers’ role is changing, as well the traditional
teaching methods have been challenged by tech-
nology-enhanced teaching and learning methods
(Hämäläinen and Cattaneo 2015; Hartnell-
Young 2003). According to the research findings,
traditional teaching is diminishing and is arising
the role of the teacher as a facilitator, guiding and
coaching for students’ learning processes
(Hämäläinen and Cattaneo 2015). The active
role of teachers is becoming the booster to inter-
action processes related to learning tasks, and
they are progressively working together with
learners in new technology-enhanced learning
contexts, such as technology-enhanced class-
rooms and virtual settings (Hämäläinen and
Cattaneo 2015).

New Challenges to Teaching and
Learning Process

IT allows students to achieve learning experiences
“when and where they are needed” (Nwigbo and
BK 2016, p. 5) and independency to what they
learn. Besides, students making use of technology
become more independent in the classroom and
can discover solutions to problems both indepen-
dently and collaboratively. Researches show that
online interaction triggers the opportunity to share
information from their peers (Pacheco et al. 2017).
Therefore, IT promotes the cooperation and col-
laboration among learners within and beyond
school, having a positive effect on teaching and
learning process, “introducing news and better
ways of learning and teaching” (Nwigbo and BK
2016, p. 6). Technology can support new types of
learning possibilities (Hämäläinen and Cattaneo
2015), as well as promote students as active
learners and with the desire of discovery and
knowledge.

In education field, based on each individual
student’s needs, cognitive computing services –
data-driven artificial intelligence (AI) – provide
content, planning, and intelligent activities to pro-
mote knowledge in an effective and personalized
way. In fact, according to Coccoli, Maresca, and
Stanganelli, “from the e-learning point of view
[. . .], cognitive computing can be an accelerator
for students’ achievements, and a valuable sup-
port for the teachers” (2016, p. 62).

Cognitive computing can either support
teachers in solving common students’ issues, such
as “school dropout, individualization of learning,
customization of training path, etc., due to their
capability of analysing data” (Coccoli et al. 2016,
p.64). Teachers can adopt new tools of cognitive
computing to conduct individualized experiences
and provide a “range of activities to assist students
to become critical thinkers, designers and problem
solvers” (Nwigbo and BK 2016, p. 5).

Recently, several tools and platforms based on
cognitive computing were created: Cognitive
Reasoning Platform by Enterra; Deep Learning,
by Microsoft; DeepMind, by Google; IDOL,
delivered by HP; and Watson, by IBM. Digital
interactions with students, promoted by these plat-
forms, can enhance learners’ performances and
help educators personalize and adapt their
approaches to students’ results (Coccoli et al.
2016). To drive personalized teaching, IBM Wat-
son Education offers teachers a new level of
engagement and a detailed view of each student,
including achievement, academic performance,
attendance, behavior, and activities learned.

The mobile app market is growing, and it is
providing accessible experiences for visually
impaired smartphone users. Microsoft has
released, on July 2017, the new free artificial
intelligence application for Apple’s iPhone, called
Seeing AI (formally known as Deep Vision),
designed for the low-vision community. This app
uses mobile camera and describes people, text,
currency, color, and objects that are being photo-
graphed. This app can turn the visual world into
an audible experience (Microsoft n.d.) and can be
applied in educational context to overcome visual
barriers faced by these learners.

Artificial intelligence can make the educational
experience more effective and engaging, both for
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students and teachers and “the current absence of
sophisticated use of AI Technologies in schools,
colleges, and universities may be explained by the
lack of financial resources as well as the lack of
data establishing the technologies’ effectiveness”
(Stone et al. 2016, p. 33).

Virtual assistants, sometimes called smart
speakers, from Amazon, Apple, Google, and
Microsoft, such as Alexa, Siri, Google’s Assis-
tant, and Cortana, respectively, are voice com-
mand platforms which can carry out a range of
tasks. Therefore, applying these platforms in
schools, students can interact with them and get
real-time personal feedback. These can be useful
in schools unlocking barriers for both students and
teachers and a source of information and enhanc-
ing thought-provoking tasks. For example, these
platforms can be used by learners with visual
impairment to find library materials faster.

The arise of digital voice assistants in educa-
tion is inevitable, so it is important that educa-
tional system explore how can it create more
effective, engaging, and creative learning
environment.

“New competencies are required by teachers of
pupils with visual impairments in mainstream
schools,” opposing these “from the traditional
model of training dating from the time of the spe-
cial school and the ‘sight class’ era” (Söderberg
and Fellenius 2000, p. 69). To achieve the real
potential of IT as well as the important educational
goals of students with visual impairment, it is
essential that educators use IT in learning situations
(Alves et al. 2009; Presley and D’Andrea 2008).

Conclusions

From the viewpoint of the implementation of IT
in visually and partially sighted students teach-
ing and learning process, research studies indi-
cate that IT enables students to overcome barriers
of learning, as well as develop their inclusion in
the mainstream classrooms. Applying them to
support education can lead to educational bene-
fits such as improving learning and increasing
communication skills, yet, not all students have
positive feelings towards IT daily educational
use.

Thereby the continuous development of IT, its
implementation, for educational purposes, with
students with visual special needs, has a long
way to go. Educational community must be
open-minded to exceed the traditional teaching
model and place greater emphasis on the active
role of students with visual impairment inside and
outside classroom, using the available technolog-
ical means, even those which are behind educa-
tors’ comfort zone.

Even when technology is available, access may
still be problematic. To avoid insecurity and frus-
tration by students with visual impairment, deal-
ing with accessible web issues, it is important to
ensure full accessibility of the learning environ-
ment and the educational materials, following the
W3C guidelines.

Therefore, material conditions of the schools
should be strengthened, and a greater commitment
must be done by the educational community,
especially by teachers, to implement IT in learning
and teaching process. Teachers refer barriers to the
low use of technologies as a mean to optimize the
learning process, such as time constraints; insuf-
ficient knowledge to adapt technological means to
visually impaired learners’ needs, reinforced with
the deficiency of training on this specific techno-
logical area.

They can maximize the impact of IT on teach-
ing and learning process by understanding the
potential of it to support students with visual
impairment and tailoring and adapting activities
to involve these students in learning. Online dis-
cussion forums can be used to access information,
advice, and guidance, as well as to share knowl-
edge and for reflection among teachers in regular
classroom and special education teachers. It is
utterly important that all community get involved
in this process.
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