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Abstract

According to World Health Organization, the number of people with blindness due to
infectious diseases has reduced in the last 20 years whereas 80% of all visual impairment can be
prevented or cured. Despite of that, 285 million people are estimated to be visually impaired
worldwide as about 90% are from low-income society. Considering this scenario, it is still
necessary to think about this public and know how to teach them disciplines such as
Mathematics that are important to their lives as citizens. The Mathematics concepts are always
in need for living in our society as we have to pay bills and considering that Mathematics
knowledge is demanded all time from health to payment. In this article, we briefly discuss the
blindness and the Mathematics universe, pointing this educational area as one that should be
more educational developed. The article also intends to stimulate and contribute for the
production of new strategies and didactical materials for teaching Mathematics to this public

with special needs.

Introduction

According to World Health Organization there are four levels of visual function including: a)
normal vision, b) moderate visual impairment, c) severe visual impairment and d) blindness.
The International Classification of Diseases refers to Moderate visual impairment together with
severe visual impairment as “low vision” that together with blindness stands for all visual

impairment worldwide (WHO, 2016).
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Blindness is a severe or total change of one or more of the vision basic features that affects
the ability to identify color, size, distance, shape, position or movement. It may occur from
birth (congenital) or later due to organic or accidental causes. In some cases, blindness may be

associated with loss of hearing (deaf-blindness) and/or other disabilities (Sa, 2007, WHO 2016).

According to the literature, 80% of the human relationships with the world is using sight. It
is essential to have all the visual sensory apparatus (eyes, optic nerves, brain optic pathways
and the occipital visual cortex) to live fully in our society, emotionally, socially and
professionally (Brasil, 2008). The vision loss is partially offset by other senses such as hearing,
touch, smell, and taste. Thus, the visually impaired people perceive the world around them

through these remained senses (e.g., Braille reading) (Rangel, 2010).

According to the literature, only recently inclusion policies have been created in some
countries to allow the visually impaired people to perform a range of everyday activities, such
as studying and competing in the labor market. As a result of these policies, we are now able to
see more visually impaired people in our society working and living their lives outside their

homes as citizens.

Despite this apparent evolution, less development is detected when it comes to teach this
public. Concepts that are essential for living in our society such as Mathematics are still difficult
of teaching for blind students needing more research, strategies and didactic materials. The
development of these materials may offer the same quality level offered to non-visually

impaired students (Brawand & Johnson, 2016).

In this work, we intend to briefly discuss blindness in the perspective of teaching
Mathematics. Herein we emphasized the need for developing not only new strategies and
materials to teach visually impaired students but also researches regarding new methods to
teach them. Finally, we pointed teachers and professors as the future researchers in this area
that should occupy this space on human and biological sciences for improving these knowledge

areas.
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Methodology

We performed a search on Google Scholar using the words teaching, blind, visually impaired
and Mathematics. This search led to 16,300 results with few published studies related to
experiences aimed at teaching Mathematics to visually impaired students in the classroom.
Those hits were evaluated in relation to the applicability of teaching Mathematics in the

classroom to these students in a inclusive way.

Results

Mathematics is the science of logical and abstract reasoning that studies amounts
measures, spaces, structures, variations and statistics. Because of its complexity, teaching
Math to blind or low-vision students demand activities that lead to the exploration of these
Mathematical concepts using other senses of these students (eg. touch) in order to provide a

full and comprehensive learning (Brawand & Johnson, 2016).

According to teachers from The Benjamin Constant Institute (IBC), a Brazilian federal
institution specialized in teaching visual impairment people, students often arrive into IBC
segregated by society and even by family. Some students reported that they felt "pushed
aside" in their previous schools, with low self-esteem, not believing in their potential and with
an exaggerated aversion to Mathematics discipline (IBC, 2015). On that matter, a question is
raised about what is the teacher role as a facilitator to a meaningful and significant learning in a

general (concepts for life) and specific perspective (eg. Mathematics).

According to Karling a meaningful learning is a learning for life, applicable and related to
the individual experiences. It is a learning linked to the aspirations and the student’s reality

where the concepts learned improve their life (Karling, 1991).

At the present moment the educational professionals are not well prepared as the
universities and colleges do not teach them how to use "inclusive strategies" to teach classes
with visually impaired students, whether blind or low vision, especially in Mathematics. In

addition, the current textbooks are extremely visual with almost no textbooks appropriately
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adapted for the visually impaired students. These books should use the Braille system, a writing
system with raised dots created by Louis Braille, which enables these people to read by touch,

also allowing the writing (anagliptography).

Currently, it is clear that the difficulty of teaching and learning Mathematics is not limited
only to this public. However the blind student, also including the low vision student that also
need adapted materials, have great difficulty to learn Math due to the complexity and
abstraction of most topics of this discipline, such as geometry. In Brazil, for example, the
visually impaired students have to know 63 signals formed by points from a matrix assembly
formed by 6 points, standardized by spelling Braille for the Portuguese language, which form

the Braille system (IBC, 2016).

Based in this scenario, it is important to have teachers with in-depth knowledge of Braille
for Math, including the regulation Mathematical code CMU, for both reading and writing. This
code is oriented to the reading and writing in Braille Mathematics, which contained signals that
do not exist in Portuguese in the "handwriting" form. One example is the use of auxiliary
brackets, which is a particular feature of Braille. These situations require a teacher trained in
writing and reading Braille and in adapting materials for the visually impaired (blind and low
vision) students. These educational professionals should know how to use other strategies
such as Soroban, an instrument that has standards and methods for using Math calculations

(Peixoto et al 2009; Cerqueira et al 2007; Fernandes et al., 2012).

A disturbing situation in Brazil and probably in many countries regarding to the learning
process of visually impaired students is the entrance of these students in the 2nd stage of
primary education (6th to 9th grade) with many gaps in Mathematics content. This hugely
compromises their learning and makes it more difficult to teach them Math, as the topics to be

taught depend on the previous concepts that were not learned.

Mathematics is considered one of the most difficult educational subjects to be taught due
to the constant need for abstraction. From the perspective of the teaching activity, it requests
the development of logical thinking, the encouragement of independent thinking, creativity

and problem-solving skills, among others demands to attend.

218



Currently the practice of teaching students without special needs is performed to stimulate
learning situations in order to develop self-confidence, organization, concentration, attention,
deductive logical reasoning, cooperative sense and others activities requested and related to
daily life. This should be deeply pursued for the visually impaired students due to the main
characteristic of our society that is based in the vision capacity, compromising the possibility of

a full life for this public.

According to Reily, students with visual impairment are more likely to have difficulties on
learning Mathematics since a very young age if not offered educational resources and teaching
strategies suited to their needs. These students will not keep up the Math content neither in
the early grades of elementary school nor from the 5th grade and beyond when the
requirements start to increase. On that matter, the Math teacher should discover interests,
needs and problems of these students, choosing content, techniques and strategies, providing
appropriate materials and creating a favorable environment for their study. The teacher,

according to Karling, is an important agent to facilitate learning (Reily, 2004; Karling, 1991).

Our world is shown through shapes and colors and the same happens with the teaching
materials, as well as, for example, the Mathematics textbook. These didactic books present a
high incidence of scenes and visual activities, which are not well adapted for the visually
handicapped, especially blind students, losing their meaning even when using audio description

(Leuders, 2016).

The predominance of visual resources for teaching Math leads to a fragmented view of
reality and decreases the interest and motivation for learning of blind and low vision students.
Thus these resources should be constructed and/or situations and everyday experiences that
encourage exploration and full development of other senses should be considered. The variety,
suitability and quality of these resources are essential to provide and guarantee the access of

knowledge, communication and meaningful learning of mathematics.

Some very important criteria should be followed for constructing Mathematics teaching

materials for blind students (Figure 1). These criteria should guarantee the efficiency of using
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these educational tools to teach Math. Among them, one of the most important is the fidelity
of the representation that should be as accurate as possible to the original model.
Furthermore, it should be attractive to the sight and pleasant to the touch. Adequacy is
another criterion to be met, considering the relevance to the content and age (Brawand &

Johnson, 2016).

The teaching resources for visually impaired students were all physical resources until
recently when the computational technology arrived to contribute to teach this public (Mulloy,
2014; Gasparetto, 2016). These physical resources can be used in all disciplines or areas of study,
depending on the techniques or methods employed, aiming to help the student to achieve
their learning more effectively (S3, 2007).

Figure 1: Criteria to be followed for constructing educational materials targeting visually

impaired students

FIDELITY

INCLUSIVE
PRODUCTION

TACTILE
MEANING

The visually impaired students need adapted materials in their scholar daily life. These
materials should be suitable for teaching them by exploring tactile, hearing, smelling, graphic
kinesthetic knowledge and Braille perspectives. The adequacy of these materials should ensure
the access to all information that other children have so the visually impaired students will be
not at disadvantage when compared to their colleagues (Nunes et al, 2010). It is important to
notice that such materials and strategies could also benefit students without disabilities as they
decrease the complexity level of the topics approached when constructed with the inclusive

perspective (Viginheski, 2014).

According to the literature about the use of pedagogical materials for teaching

Mathematics to visually impaired students and/or adapted teaching experiences in the
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classroom with this public, researches are still in need. A search on Google Scholar using the
words teaching, blind, visually impaired and Mathematics showed 16,300 hits with few published
studies related to teaching of visually impaired students. This result reinforced the hypothesis
about the lack of studies with practical experience in Mathematics, especially with the use of
suitable teaching resources and teaching strategies, for visually impaired students. Articles
such as those reported by Zuffi (2011), Cerva Son (2014) and Sa (2014) may help teachers that
work with Mathematics contents, especially those topics that require vision with the visually

impaired students.

In Brazil, recreational activities such as Origami have been used for teaching Math leading
to events such as the Public Scholar Olympics Games of Math (Rego et al., 2015; Cavacami &
Furuya 2009; Genova, 2008; Racan et al.,, 2015). However, other strategies of simple use and
low cost that allow teaching classes with all students learning together, including impaired and
non-impaired ones, still have to be developed. On that matter, the Math teacher is one of the
most well prepared professional to perform these researches using the "theory and practice"

strategy.

According Bortoni (2008), the term "theory and practice" comes from research performed
by teachers when they acquire knowledge that influence their practical/professional actions
contributing to their teaching performance. The teacher researcher is not seen only as an user
but also as someone who propose and produce knowledge about their professional problems
to improve their practice. What distinguishes teachers who research from the others is the
commitment to reflect their own practice, seeking to strengthen and develop themselves and

overcome their own shortcomings, always opened to new ideas and strategies (Bortoni, 2008).

According to Karling (1991), teaching is to discover student interests, needs and problems;
choose content, techniques and strategies; providing adequate materials and creating a
favorable environment for the student studies. Gil (2002) discussed that teachers have to
transform themselves in researchers and among the requirements to do that, they have to
present personal qualities to succeed in their research. These qualities are: a) curiosity, b)

creativity, ¢) intellectual integrity, d) self-correcting attitude, e) social sensitivity, f)




perseverance, g) disciplined imagination, h) patience, f) knowing the subject, and g) confidence

in the experience.

For contributing to the Mathematics teaching-learning process of the visually impaired
students these new developed instruments should be evaluated with these subjects. These
studies should lead to proper tested and safe teaching strategies and materials. This
information should be accessible for all and these materials should be offered and/or reported

in free and accessible sites in a open access format.

Conclusion

Despite the progress about studies involving teaching Mathematics, we may concluded
that they are not that useful in the classroom when it comes to teach visually impaired
students. Thus it is necessary not only to develop more strategies for the education of these
people with special needs to allow their improvement but also to increase the production of

inclusive materials with the same quality of those offered to non-impaired students.
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