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Abstract

At the present time there is a widening participation agenda in the UK, the government target is that 50% of young people between the ages of 18 and 30 will be entering Higher Education by 2010. Statistics from the Higher Education Statistics Agency show a 52% % increase in the number of dyslexic students entering Higher education in the academic year 2003/2004 when compared to the figures for 2000/2001. Additionally, current legislation in the UK makes it unlawful for a university to discriminate against a disabled person and universities must make reasonable adjustments to ensure that disabled students are not placed at a substantial disadvantage when compared to non-disabled students. In order to comply with this legislation and to avoid high failure rates it is imperative that students with specific learning disabilities are given support that is tailored to their individual needs.

It has been found that dyslexic students may experience difficulties in mathematics and statistics, which can be directly attributed to their dyslexia. These problems are often related to, for example, poor short-term memory, sequencing of work, reading the words that specify a mathematical problem, subject specific vocabulary and visual-perceptual difficulties. It is also important to note that dyslexic students are often extremely anxious about the mathematical and statistical elements of their courses. This paper discusses some of the areas of difficulty in mathematics and statistics that were witnessed by the authors during one-to-one support given to dyslexic undergraduate students at Loughborough University.

Three studies, taken from the disciplines of Economics Engineering and Psychology, are presented to illustrate some of the difficulties that might be encountered. Suitable support strategies are highlighted and attention is also given to appropriate teaching methods along with the development of support materials. This support enables dyslexic students to attain their optimum performance in the mathematical and statistical elements of their courses.

This paper will be of interest to academic staff, support staff, policy makers and those involved in research and development.

Characteristics of Dyslexia

The National Working Party on Dyslexia in Higher Education (1999) characterises dyslexia as a
 marked inefficiency in working or short-term memory that leads to problems retaining the meaning of text, a failure to marshall learned facts effectively in examinations and disjointed written work or the omission of words. Dyslexics can also display inadequate phonological processing skills that affect the acquisition of phonic skills in reading and spelling, as well as comprehension. Students may also have difficulties with motor skills or coordination, particularly difficulty with automatising skills such as listening and taking notes simultaneously. Further, 
visual processing problems may occur that affect reading, especially large strings of text.

Dyslexia and Mathematics

For many people the term dyslexia is only synonymous with poor spelling, however, this is just one of the many manifestations of dyslexia. Other difficulties include problems with short-term memory, glare from print and text appearing to move, i.e. dance on the page, all of which have implications in the learning and understanding of mathematics. A computer simulation showing visual difficulties that may be encountered by some of the dyslexic population may be viewed on the World Wide Web (http://www-staff.lboro.ac.uk/~cvnb1/dyslexsim/dyslexsim.htm).

Whilst there has been a significant amount of research into dyslexia in the UK, especially during the last 20 years, much of this has been related to school children under the age of 16 years. There are several texts available, for example, Chinn and Ashcroft (1993), Miles and Miles (1992) and Henderson and Miles (2001), which detail useful strategies for teaching mathematics to dyslexic students, however, these have been written, primarily, to assist pupils up to GCSE level.

There is little evidence of rigorous research into the difficulties that might be encountered with mathematics in Higher Education (HE) by dyslexic students. 

Mathematical difficulties experienced 

Emerging work is that of Trott (2003), which describes the mathematics support she has provided for dyslexic students in HE and includes suggestions for the presentation of mathematical material to facilitate understanding. Dyslexics can experience a range of mathematical difficulties that include poor arithmetical skills and difficulty remembering theorems and formulae. Many dyslexic students have problems recalling mathematical procedures and sequences of operations, as well as holding the various aspects of a problem in mind and combining them to achieve a final solution. In multi-step problems, they frequently lose their way or omit sections. Dyslexics have difficulty reading the words that specify the mathematical problem and often substitute names that begin with the same letter, for example integer/integral and diameter/diagram. Specialised mathematical vocabulary is often more difficult to retrieve and students with dyslexia may have problems 
associating the mathematical word with both it’s symbol and function, e.g. “integration” needs to be associated with the integration symbol and the process itself. Frequent errors occur when transferring between mediums, e.g. from calculator to paper and further errors are made in copying from line to line, so that x + 3 becomes x – 3.

 For the dyslexic student, overload occurs more frequently and they are forced to stop.

 The conclusion reached by Searle and Sivalingam, (2004) who have also undertaken some research into this area is:

The possibility of a dyslexic pupil experiencing serious difficulties with tertiary mathematics despite having excelled in school mathematics is real. 

Exploratory case studies determined that engineering students who had been diagnosed as dyslexic after commencing their undergraduate studies were impeded in their learning and understanding of mathematics as a direct result of their dyslexia. (Perkin, 2004).

Current legislation in the UK (The Special Educational Needs and Disabilities Act (SENDA), 2001) makes it unlawful for a university to discriminate against a disabled student (and this includes students with dyslexia). Universities must, therefore, make reasonable adjustments to ensure that disabled students are not placed at a substantial disadvantage compared to non-disabled students. Many universities in the UK have introduced some form of mathematics support for students in addition to that provided by tutorials. (Perkin and Croft, 2004). When it is recommended that a dyslexic student be provided with one-to-one-support and the need is for mathematical help Loughborough University also arranges for tutors with knowledge of both dyslexia and mathematics to provide this. 

A Framework for Dyslexic and Dyscalculic students 

One-to-one support with mathematics is given to students at Loughborough University who had been diagnosed as dyslexic, dyscalculic or dyspraxic.
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Figure 1: A Framework for Dyslexic and Dyscalculic students

From experience in the provision of mathematics support for dyslexic and dyscalculic students, it has become clear that dyslexic and dyscalculic students fall, broadly, into three categories (see figure 1). The first category comprises students who are dyslexic but not dyscalculic. The second group consists of students who experience difficulties as a result of both dyslexia and dyscalculia, and the final group are dyscalculic but not dyslexic.  

At Loughborough University the first group is by far the largest. This group can be further divided into two sub-groups. The first sub-group can be described as mathematically able and these students tend to choose to study Mathematics, Physics or Engineering, avoiding the subject areas that contain high language content, since their difficulties are predominantly language based and are entirely as a result of their dyslexia. The other sub-group has, additionally, some mathematical difficulties. The students who fall into this group are more likely to be studying Human Sciences, Economics or Business Studies. They have difficulty in generalising and in moving from concrete numerical examples to more abstract algebra. In particular they may experience problems with equations and rearranging formulae, recognition of like terms and understanding basic calculus. The second of the three groups is both dyslexic and dyscalculic. In addition to the problems that dyslexic students face, they will have fundamental difficulties with basic numeric. This includes not only poor numerical skills, but also, an inability to see how numbers relate to each other. Alongside these difficulties, is usually an acute anxiety about mathematics. The final group comprises those students who are dyscalculic but not dyslexic. They are likely to have similar mathematical difficulties as the students in the second group.

The following three case studies will serve as exemplars, illustrating the difficulties students with specific learning difficulties face and some of the ways in which these difficulties may be overcome.

Case Study One: Patrick

Shortly after commencing his MEng degree in Civil Engineering in 2003, Patrick was diagnosed as dyslexic and dyspraxic . During the first year of his studies this student, whilst being mathematically competent, encountered problems related to the speed of delivery in lectures, mathematical procedures involving row operations, problems with extracting what was required from lengthy text and multi-stage operations. This section of the paper explores one particular area of difficulty that was encountered by this student during his second year of undergraduate study. 

From primary school, Patrick was labelled as a lazy student with good potential. At secondary School, the situation deteriorated, and he became ‘labelled’ as disruptive. He sat 10 GCSE’s, achieving 4 Grade B’s (History, PE and Double Science), 4 Grade C’s (Mathematics, Double English and Graphics), Grade D in French and Grade E in Information Technology.

He was told that he could continue onto the A Level programme but was not predicted to pass, being told again that he was lazy. He decided to leave secondary school and enrolled at a local college to study for his A Levels, however, by now he hated and feared mathematics and didn’t really want to continue his education. His chosen subjects were Politics, History and Law. On his first day at college he changed his mind and opted to do Chemistry, Physics and Biology. Subsequently he changed Biology to PE. Patrick’s description of this period of study was: “It went terrible, I had no motivation and was repeatedly told that I was lazy”. Eventually he stopped attending classes as he was unable to do the work. Patrick estimates that his attendance rate was only about 30%. At the end of his first year at college he failed all the modules he had taken. The college threatened to expel him, however, he managed to pass his re-sit examinations and eventually obtained Chemistry Grade D, Physics Grade E, and PE Grade C. Patrick describes himself at this time as being “fed up” and adding that “no-one in education had been good to me”.

After college Patrick went to a local Technical College and enrolled on an electrician’s course. As one of the few people on the course with A Level’s, he got selected for an apprenticeship. He worked for a local company and continued at college on a day release programme. He worked for this company for one year but was bored with the repetitive work and decided “this ain’t the life for me”.

He started applying to universities to study pharmaceutical chemistry. He was offered places at Kingston and Greenwich; University College London rejected him and Queen Mary offered him a place on their foundation year, which Paul decided to accept.

However, he only stayed at Queen Mary for 2 months. He found the area to be extremely rough and explained that there were fights actually taking place in lecture theatres. He then went home, sulked and pondered his future. He decided to go back to college and attempt to obtain better A Level grades. He started college in January taking Chemistry, Physics and Mathematics, deciding he couldn’t avoid mathematics forever. He said he worked really hard, describing the effort as “I worked my bollocks off”. He was struggling with mathematics but found a private mathematics tutor and paid £12.00 per hour for additional help. He was predicted Chemistry Grade A, Physics Grade A and Mathematics Grade B but obtained B, B, D, respectively. Patrick had applied to Loughborough, Imperial College London, UCL, Bath, UMIST and Warwick universities to read for a degree in Civil Engineering. He was offered places by all of these except Bath (Patrick decided not to attend the interview as it was too far to travel). In the end, he selected only Loughborough University for which he needed to obtain two Grade B and one Grade C GCE A Level passes. As soon as Patrick obtained his results he started to panic, however, he phoned the programme tutor as he’d failed to obtain the requisite grade C in Mathematics. The tutor said that he would be accepted but asked Patrick not to let him down in Mathematics. At this stage, Patrick said that all his friends were having bets that he would be home by Christmas.

Patrick commenced his MEng degree at Loughborough University in October 2003 aged 21. It was during week 4/5 that he had to submit his first piece of on-line coursework in mathematics. He expected to obtain a good mark but was devastated with his result of 15%. He then discussed the situation with a member of staff in the Mathematics Learning Support Centre. At this stage he explains that he was ready to leave the university and felt that he would never pass anything. The member of staff suggested dyslexia and Paul went to the English Language Study Unit and the Disabilities and Additional Needs Service and was subsequently diagnosed as being dyslexic and dyspraxic.

One of the recommendations from the Educational Psychologist, who diagnosed Patrick, was that he should receive one-to-one support. An author of this paper supported Patrick in his mathematics modules during the first two years of his undergraduate study. From a research perspective this contact proved to be invaluable, as it enabled the author to witness the difficulties that were encountered by this student and to develop strategies to overcome them.

Patrick and Fourier Series
The greatest mathematical difficulty Patrick encountered during his second year of study was with Fourier series. This is a procedure that enables an equation to be approximated by a series of terms. His understanding of what a Fourier series was, what a particular graph would look like if a sufficient number of terms were taken and the distinction between odd and even functions was good. The problem for Patrick was related to this being a multi-stage operation, which required several different calculations to be performed, prior to the results being inserted into the formula for the Fourier series.

The formula for Fourier series is:

FS  =  
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Patrick did not experience any real difficulty in memorising this formula although to do so was not necessary as it is given in the formulae booklet, which is available in examinations. The suggestion was made to Patrick that a comes before b in the alphabet and likewise cos comes before sin alphabetically and this enabled him to link together the a with the cos term and the b with the sin term 

After several sessions working on Fourier series Patrick announced, “I’ve got Fourier series pretty well sewn-up now”. This statement was somewhat alarming, as Patrick had, at this stage, failed to complete a question correctly without being prompted. The problems experienced by Patrick were related to his poor short-term memory and resulted in him not completing all the necessary computational steps.

What was required was for Patrick to compute the terms,
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It is then necessary to investigate the results for n-even and n-odd. Interestingly, whilst Patrick was able to remember the required formulae he was unable to recall, for example, that for n odd, cos(nx) = -1. It was necessary for him to first sketch the required graph. The results of these calculations are then inserted into the formula for the Fourier series.

Patrick frequently omitted one or more of the required operations, which resulted in him failing to correctly answer the question. For example he sometimes failed to calculate the ‘
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’ terms. If at the end of the question he remembered to write out the Fourier series then he discovered his omission(s) and was able to perform the necessary calculations and hence complete the question. However, what recurrently happened was that he also failed to write out the calculated Fourier series and thus had in effect only completed approximately half of the required computation. Eventually this was overcome by doing what is considered to be bad practice – interrupting a dyslexic student. By interrupting Patrick and saying, “the most important thing is to write out the Fourier series at the end of the question”, Patrick actually started to talk out this sentence aloud at the end of each question and thereby discovered any omissions he had made.

Case Study 2: Nick

Nick is an economics student. He is dyslexic and experiences some degree of difficulty with mathematics, although he is not dyscalculic and does not have fundamental number difficulties.  However, he has considerable difficulty translating from concrete numerical examples to algebra. His processing speed is slow and he has poor sequencing ability. His short-term memory is significantly weaker for symbolic material. In the first year of his course, Nick had considerable difficulty understanding and manipulating equations and formulae. Example, such as the following, employ the use of colour. Each coefficient is written in a different colour so as to provide a means of clearly identifying and separating them. Nick found this helpful and it enabled him to rearrange and manipulate more eaily.
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Framework for Dyslexic and Dyscalculic students


With the use of colour, much practise and frequent revision, Nick was able to solve problems of this type. 

In his second year, he needed to extend his differentiation skills in order to accommodate partial derivatives. A "tree diagram" was devised for this that branches into each of the required partial derivatives and uses one colour for each variable. 


H = 0.25K + L + h(100 - L0.5K0.5)





H = 0.25K + L + 100h - L0.5K0.5h

(2) ( (1)
L-0.5K0.5h =  2
L0.5K-0.5h = 0.5



K / L = 4



     K = 4L

Substitute in (3)



L0.5K0.5        = 100



L0.5(4L)0.5 = 100



2L = 100



  L = 50



  K = 200

Nick has needed, throughout, to work at a slower pace, repeating examples and processes many times. His confidence in handling numbers and formulae has grown steadily. He needs to see every small step of the mathematical process, highlighting and using colour coding where possible. 

Case Study 3: Maria

The final example illustrates the mathematical difficulties resulting from both dyslexia and dyscalculia. Maria, studying Psychology, has a history of struggling with mathematics. She has a specific learning disability that has affected her mastery of basic number skills. Maria’s view of maths is clearly influenced by this, and I would describe her as acutely anxious about the statistical aspects of her course. Her difficulties therefore stem from three sources: dyslexia, dyscalculia and maths anxiety. The statistics she needed for her course related to t-tests, ANOVA and regression and the use of SPSS. Maria found large tables of SPSS output confusing and frightening. Interpreting these tables was also a problem for her. For example an independent samples t-test produces the following 2 tables of output:
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Table 1 SPSS output for independent t-test

Table 2 SPSS output for independent t-test

These tables were initially very daunting. The first step was to separate the tables and consider them individually. Table 1 gives information about the mean, standard deviation, and standard error. She had great difficulty understanding each of these concepts. We began by trying to find the mean and standard deviation of three single digit numbers, and, although she found this difficult, it gave her some understanding of the concepts of central tendency and spread. There was much discussion about the need to obtain such measures, she was happier with verbal explanations that involved almost no mathematics. We then progressed to the second table. The table could be edited to show only the relevant sections, thus achieving a more manageable form. See table 3
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Table 3 Edited SPSS output for independent t-test

Poor basic number skills meant that Maria had little understanding of fractions and decimals. She struggled to compare the significance value of 0.018 (highlighted cell) with the standard 0.05, so we tried to work with 0.050, although it was not easy for her to realise these were identical. 

The module progressed to ANOVA tables, and the output became more complicated. The same approach was applied. Tables were reduced to a more manageable size so that they contained only the essential information

Facilitating Mathematics Learning for Dyslexic and Dyscalculic Students

As has been shown, there are several ways in which to facilitate Mathematics learning for dyslexic and dyscalculic students. Large sections of text can be broken up with page breaks and bullet points. Dyslexic students find sans serif fonts clearer and can often find the use of coloured overlays or coloured paper useful for reducing glare and visual perceptual difficulties. Text should be left justified. Multi-step problems should be broken down into small, manageable steps. The use of colour to highlight various aspects of a question is helpful, and colour can further facilitate greater clarity and understanding when using software; the cells on a spreadsheet can be coloured differently. The output tables of statistical analyses can be edited down, so that the student is able to focus on the relevant sections. It is helpful to provide memory aids such as large wall posters. For example, making a large wall poster to distinguish between inequality signs. Students find using card indexes and pocket size “card carrying” cases useful. One theorem or formula can be put on each card. Flow diagrams or tree diagrams can help to clarify procedures, for example, in partial differentiation. Many dyslexic students are very visual learners. They usually find it helpful to see the functions they are considering. It is helpful to take a function from their tutorial sheet or notes and plot it's graph on the calculator or screen. The student has an immediate visual image. Providing a "gallery" of graphs to show various functions, transformations or plots is helpful. The student can then refer to this and match their function to one in the "gallery". For some dyslexic students with visual perceptual problems, it is useful to provide enlarged grid graph paper and the grid can be produced in different colours and printed on coloured paper. The colours can be adapted to the individual needs of each student. Mind maps can be a useful tool for more extended pieces of work; this allows the student to see the inter-connections between elements of the work. Additionally, centimetre square paper is helpful when it is important to align rows and columns, for example in working with matrices.

Conclusion

Progress is often slow and frequent revision is necessary. The same ground may need to be covered many times. However, by providing the student with appropriate strategies and a framework they can relate to, it is possible for the dyslexic or dyscalculic student to grow in confidence, become independent in their learning and, above all, to succeed. 
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Given demand and supply functions:


Qd = 25 -0.3P - 0.2P2;     Qs = - 5 + 2P + 0.01P2





find the equilibrium position.








Given the Lagrangian function for the costs of production in the long run for an output level of 100


 H = 0.25K + L + h(100 - L0.5K0.5)


Minimise the costs of production.


Determine the optimal levels of capital (K) and labour (L).





0.25 - 0.5 L0.5K-0.5h





0.25 - 0.5 L0.5K-0.5h = 0





0.5 L0.5K-0.5h = 0.25





 L0.5K-0.5h = 0.5    (1)





1 - 0.5L-0.5K0.5h 





1 - 0.5L-0.5K0.5h = 0





0.5L-0.5K0.5h = 1





L-0.5K0.5h = 2    (2)





100 - L0.5K0.5





100 - L0.5K0.5 = 0





L0.5K0.5 = 100





  (3)
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