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Abstract

We will explore why it is vital that all children with a severe visual impairment have access to the appropriate tools and resources, which in turn allow them complete, unhindered access to numerical and mathematical subjects within the curriculum. We will examine how advancements in technological solutions to aid teaching and learning of science, technology, engineering and mathematics (STEM) subjects are progressing rapidly, and explore the impact this has had on the teaching and learning of numeracy based subjects for the visually impaired in economically developed countries. Subsequently, we shall posit that, while such innovative thinking and research can prove highly beneficial, we run the risk of placing students in developing countries at a severe disadvantage. We shall explore why the aforementioned technological advancements may not be appropriate in less developed environments, and discuss the critical need for further research and low-cost technological solutions.

Why are blind students and students with low vision struggling in mathematical subjects? 

It has long been known that children with visual impairments (CWVI) experience a considerable deficit in the teaching of numeracy and mathematics. This has an impact on the students’ understanding and achievement in numeracy, mathematics, and science more broadly. This difficulty is primarily attributed to the highly visual nature of the subjects, compounded by the predominantly visual teaching approach. Often non-visual methods of teaching are not available, or not appropriately devised, and this can lead to apathy and visually impaired children being left behind.

Why is it vital that visually impaired children have access to mathematics?

Mathematics and numeracy play a key role in all areas of life. It is prominent in education, society and the workplace. Knowledge of the most basic arithmetical concepts is fundamental for children’s learning from the outset. Mathematics is often critical for further education. Lack of access to the core curriculum has a detrimental impact on students’ educational development, their access to other areas of the curriculum, and consequently their continued progress through the education system -- hindering the transition into secondary/higher/further education. 

Without basic mathematical knowledge, persons with a visual impairment (PWVIs) are often excluded from subjects such as science, economics, or geography. This exclusion can place life-altering limitations on PWVIs’ social and economic development. They are often unable to enter the labour market, or can secure only part-time, temporary, and ill-paid employment. This in turn means it is likely that they will be dependent on others to care for them. This diminishes their independence and impinges on their basic human rights: their right to have complete and unhindered access to the same curriculum as their sighted peers; to progress through the education system; and their right to complete inclusion within their family, community, workplace and beyond (RNIB 2012).

What current technological solutions exist in the economically developed world?

In recent years there has been a surge in research and development of technology-based solutions to the teaching of STEM subjects for PWVIs. Such sophisticated and beneficial advancements include the INFTY project (Suzuki 2011), Mathplayer by Design Science, the TalkMaths initiative (Pfluegel 2011), and advanced scientific talking calculators. This list is by no means exhaustive. A substantial number of projects are underway, particularly in the United Kingdom, Europe and the United States. From the audible representation of graphs and charts, to more complex solutions involving the use of mathematical coding, such innovative software provides a variety of methods for PWVIs to access, interact with and create mathematical content. 

What impact has this had on the teaching/learning of STEM subjects for PWVIs in the developed world?

These technologies aid and enhance PWVIs’ access to STEM components of the curriculum. These tools enable PWVIs to scan and read equations and other mathematical content; access and produce tactile representations of the most complex pictures and graphs; increase their learning capabilities through peer to peer interaction and knowledge sharing; and produce their own work in a variety of formats such as audio, Braille and Latex code. Ultimately, these technologies facilitate the crucial sharing of materials between teacher and student, increase learning potential, interaction, and improve access to resources. A reasonable conjecture is that the rise in technological solutions will lead to a far greater number of PWVIs succeeding in numeracy-based subjects and entering into jobs where a degree of mathematical knowledge is essential.

What role does technology play in low-income environments?

Although technology has a crucial impact on the teaching and learning of numeracy and mathematics for students with visual impairments, it is critical to note that they are usually not available to those living in low-income countries. The vast majority of technology-based methods are often costly and difficult to acquire and maintain, and are thus irrelevant, or impracticable in low-income environments where resources are scarce.

What methods of teaching/learning mathematics for PWVIs are currently being explored in low-income environments? 

The limited research undertaken in this area shows a considerable deficit in the attainment levels of PWVIs in numeracy-based subjects and highlight the necessity for immediate improvement. The National Survey in Zambia by Akakandelwa and Munsanje in 2011, and the ICEVI’s survey on the teaching of mathematics to visually impaired students in Kenyan mainstream secondary schools both identified a considerable lack of suitable resources in the field of mathematics. This failure to equip learners, teachers, and education specialists with the appropriate resources means that most children with a visual impairment performed below par in their studies and were inevitably required to drop science and mathematical subjects (ICEVI; Akakandelwa & Munsanje).

In many situations where teaching and learning resources are scarce, children with a visual impairment learn mathematics through the abacus and/or the Taylor Frame, both of which have significant drawbacks. The abacus is a standard arithmetical device which is inexpensive to make and flexible. However, the fundamental flaw lies in the operation of the abacus. The abacus is designed to operate from left to right whereas occidental arithmetic processes largely work from right to left. On a Taylor Frame, the numerals one to eight are indicated by the orientation of a square peg inserted into a star-shaped hole. For example, the number one is represented by the peg tip pointing southwest; for number two the pegtip points west. The numbers one to eight are represented in this way, using the eight compass points. To indicate nine, zero, addition, and the other arithmetical functions, the peg is inverted. This method means that the child has to learn the value of numbers according to the orientation of a peg. This is not only extremely difficult, but also very different from instruction given to sighted peers.

Many children with visual impairments will learn the concept of numeracy, place value, and mathematics through the use of rudimentary objects, such as string, pegs, stones, and wood. In situations where technological solutions are not an option, children must often learn through such crude and limited methods. 

How could technology be used to broaden access to STEM subjects in less economically developed countries?

There are several technological advancements which would be highly applicable and beneficial in situations where resources are limited. The Cuberhythm is an x-by-y-style frame, made up of squares in which one places small tiles, much like a Scrabble board. The tiles have numbers and operation symbols in Braille (one symbol per tile), and are positioned in the squares to form sums, or equations. This method is far simpler to master than the abacus or Taylor Frame, both from a cognitive and a practical perspective. A benefit of the Cuberhythm is that it represents the work spatially, so that it is displayed in the same way as that of their sighted peers. In addition, because each tile shows its number/symbol in both print and Braille, sighted teachers and students can read the content. This facilitates enhanced interaction and knowledge-sharing within the classroom and at home. 

Other technological solutions include:

▪ 
Using the internet to disseminate crucial materials on the teaching of mathematics for young people with visual impairments (such as the Mathematics Made Easybook, produced by Dr. Mani of ICEVI in 2005).

▪
Ensuring electronic or computer-based access to text books, such as that provided by the DAISY consortium.

▪ 
Using the web and mobile technology to connect visually impaired learners, their teachers, and support workers in a network to share experiences, ideas and solutions.

▪ 
Creating an easily accessible library of diagrams, to eliminate the costly replication of multiple images.

▪ 
Developing a tiny, inexpensive Braille display with cable-free access to a smart phone, allowing a child to use simple maths apps to generate arithmetical material. This will require some good design so that upward and downward cursor movement can be used with figures vertically aligned, but in principle it is a solvable problem. The Transforming Braille project is working on this challenge.

What are the benefits of introducing technological aids in low-income countries where teaching and learning resources for mathematics are scarce?

Appropriately sourced technology can play a vital role in widening the access to STEM subjects for blind/low vision children in low-income environments. This would then enable PWVIs to access further education, or jobs with numerical content, without restraint. This broadens the scope of employment that a PWVI can reach for, expanding the potential for economic and social independence. All of the above proposed solutions are within reach and will be life-changing for many visually impaired learners. It is therefore crucial that further research is undertaken to further the necessary and achievable provision of low-cost technological solutions for STEM subjects.

Why is it important for greater research in this area?

There is an unacceptable lack of empirical research on the teaching and learning of numeracy and mathematics in low-income environments. There is a significant paucity of relevant empirical data, with the majority of studies lacking rigour and being primarily anecdotal. Whilst the more economically developed countries continue to invest heavily in technology-based solutions, children with a visual impairment in low-income countries are being placed at a considerable disadvantage. There is a desperate need to bring technology-based solutions into classrooms in low-income countries and thus into the hands of children who are in dire need of crucial resources. 

So what should we do next?

In order to deliver sustainable, effective change, we need to develop the following three areas: research, strategic service delivery, and advocacy. Although there is a significant amount of anecdotal research pointing to the difficulties of teaching STEM subjects to CWVIs, change is not possible without evidence-based analysis. It is therefore crucial that we see a significant increase in empirical research and detailed analysis that assess the gaps and identify appropriate resources and pedagogies. Based on this, it will be possible to develop a strategy for positive, accelerative change. 

In addition to a strong research base and strategic service delivery, there is a great need for strong advocacy. It is crucial that teachers, parents, community workers, students, NGOs, and governments not only recognise the crucial need for rapid change in this area, but recognise also that such change is feasible when attitudes are changed for the better, barriers are removed, and pragmatic solutions are implemented.
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