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Introduction:

There has been an increase in the number of students with reported SpLDs entering higher education. In 1994-1995 the number of students with dyslexia entering higher education was 0.48%, by 2004/2005 it had risen to 2.47%, according to the Higher Education Statistics Agency. Furthermore, some STEM courses appear to contain a high number of students who are dyslexic. Richardson and Wyndell (2003) found
that in 1994-1995 engineering had one of the highest number of students who were identified as having dyslexia, with a prevalence of 0.74%. This is also evident in some other STEM subjects, for example physical sciences had a prevalence of
0.70%, whereas medicine had a lower prevalence at 0.24%.

This paper will consider the experiences and views of two STEM students who are studying towards science and engineering degrees. The students are currently enrolled on courses containing a strong maths element and will be graduating in
2014. Joel Rowlands is a second-year biology student, who is about to enter a placement year; James Ashton is a first year aerospace engineer student, who will specialise in aeromechanics.
The paper will consider prior knowledge and ability; issues faced on degree courses;

steps students can take to improve their maths; and ways lecturers can help students with SpLDs who are struggling with the maths element of their course.
Course selection:

Both student authors of the paper felt that experiences relating to SpLDs had a large impact on both choice of degree and module choice within the degree programme. This was particularly believed to be the case with mathematical elements of the course.  A strong maths foundation was seen by these students as highly beneficial
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in STEM subjects. James Ashton discusses how his prior educational experience has influenced his learning.
“I returned to further education after a very difficult few years. During my teenage years I was diagnosed with cancer, massively impacting on my education. I beat cancer twice, but it has left me with lasting health problems such as fatigue, and has made it difficult for me to sustain my concentration over large periods of time. The route for me as an adult learner was to undertake an access course, which would allow me to gain entry to an engineering course. While the course did provide me with a good grounding and enabled me to enrol on an engineering degree, I feel that it did not give me the foundation in maths that I need on my course. The students who all did A levels seem to have a much stronger grasp of mathematical concepts and are able to understand and apply mathematical models much more easily. I feel like I am always playing catch up and that the maths foundation will become even more important as the course demands increase.”
This issue was also raised by Joel Rowlands who explains how avoiding mathematics can limit opportunities and progressively narrow module options.
“Of all the sciences, I think that biology is the one with the least maths involved.This means that students who struggle with maths will often select biology for further study. As maths is not a pre-requisite for biology, many students will drop maths before A level. The problem with this is that there is still a lot of maths in some parts of biology. If you avoid modules with a lot of maths, it can mean that modules in the second and third year are not available to you. This means your degree choices are narrowed before you’ve even started. As a student with dyslexia, I sometimes have difficulty understanding what is being asked of me in maths, but I think it is really important to work on this, rather than just avoiding maths and hoping for the best!” 

[bookmark: _GoBack]Both contributors have highlighted a pertinent issue regarding mathematics support for students with an SPLD.  Jones, Wlliams and Bhojwani (1997) found that secondary students with learning disabilities would often fail to make progress in mathematics.
There was some evidence to substantiate the students’ concerns that student with specific learning difficulties could not have the foundations in place when tacking maths at university level.  Richardson and Wyndell (2003) found that students with dyslexia had been admitted to university with lower qualifications than those with no reported disability. They argued that this could be attributed to low achievement in primary and secondary school. Further, Sheppard (2009) discovered that in a comparative study of 1600 students dyslexia students would achieve lower grades in exams, including GCSEs and SATs examinations.
Finally, in terms of students avoiding maths, Macdougall (2009) commented that medical students were often unconvinced of the need to learn how to analyse statistics and were concerned that the time taken to develop this skill would impact on their research performance.  Equally, Ashcraft (2009) found that the higher the anxiety, the less likely a student was to seek further maths courses; thus demonstrating that maths anxiety can have an impact on decisions regarding course and modules options, and, ultimately, career path.
Issues students may face:

Here the students discuss specific issues that they felt would cause particular difficulties for students with SpLDs. Joel considers the key difficulties in biology; some of these issues can be identified as affecting students with a dyslexia profile and incorporate dyscalculia indicators.
“I think biology is an interesting science in that a student can get to a certain level without having a great grasp of maths and, more importantly, maths concepts. The student can often use the equations and models provide to get the answers they need. In a way the students are following a recipe without really understanding how it works. The problem with this is when the student needs to go beyond the recipes, for example adapting a model or equation. This is when the students can come unstuck, as they simply do not have the skills or the underlying understanding to fall back on.
A related problem is that the students may find it difficult to make predictions or realise when a result looks wrong because a mistake has been made. I think that the conceptual understanding of models and mathematical concepts is vital as the course progresses.”
“This idea of working beyond the recipes becomes more pertinent as the student becomes a more independent learner. When the student begins to gather their own data they need to make decisions at every stage of the research. These decisions include, deciding on parameters for data collections, handling the data, data selection, choosing an appropriate statistical analysis package, making connections, considering how to represent the data and analysing the data to reach conclusions. All of these skills require both maths and English skills and confidence. It is here that the difficulties that dyslexic and dyscalculia students have an impact on success.” “Another issue that I have found challenging is determining what I am being asked to do. Sometimes the maths is wrapped up in almost impenetrable English! As a student with dyslexia I can find it very difficult to follow complicated explanations and worked examples that omit steps.  I find this especially difficult when the lecturer is explaining equations without contextualising them.”
James adds to the issues identified, incorporating issues he has encountered on his engineering course. He discusses how, post A level, the maths becomes increasing specialised and course specific.
“The problem with maths elements in engineering is that they can’t be presented in a cohesive way. This isn’t a criticism of the course, it’s just that running a generic
maths course would not be sufficient at this level. The maths is very specific to individual modules and needs to be presented alongside engineering concepts. Each maths principle is therefore dealt with as it becomes relevant. For me this is difficult as I feel I never really get into learning the maths,  often just as I think I’ve conquered something a more complex idea is presented. It is like I am never on an even keel. With my tiredness, keeping on top of understanding the maths can be really difficult.
I liken it to a rollercoaster. When I’m struggling with a concept, I get exhausted as if I’m climbing the rollercoaster. When I master the concept though, I’m exhilarated, like I’m swooping down the rollercoaster. Problem is, once I’ve conquered one hill, there is another, then another, then another. It takes a massive amount of time and energy to keep up.”
The issues highlighted by James and Joel are explored by Hewson (2011), who identifies two key issues. Firstly, the students don’t have the maths knowledge, and secondly, that they couldn’t apply their knowledge. Hewson found the reason for being unable to apply knowledge included over procedural thinking, ie the recipe approach;  an inability to translate mathematical thinking to real world thinking and vice versa; a lack of multi-step problem solving skills and a lack of confidence. This is an issue raised by Trott (2010) who identified that students who lack an intuitive grasp of number relationships will often work mechanically by following mathematic procedures, without developing the underlying skills.
Steps students can take:
Both Joel and James discussed the ways that students with SpLDs can work to address these issues. Joel explains how students can use study strategies to improve their maths. “I think one of the most important things a student can do is identify what exactly they are having difficulties with. Just saying you can’t do maths is not helpful, probably not true and doesn’t give you a starting point. Once you have sat down and worked out what you need to focus on you can start to address it. Don’t be afraid to start with the basics, you can start with an A level text book or even a GCSE one and work your way back up. It’s all about getting the foundations in place and building from them. There is also lots of support offered by higher education institutions, such as dyslexia tutorials and drop in maths sessions. Using these services can make a massive difference to improving your maths. They can show you different approaches and strategies such as using flash cards to learn and memorise equations. Considering different ways or doing things lets you play to your strengths, for example starting study groups or making resources to reinforce concepts.”
James also emphasised the need to address areas of difficulty and build a strong foundation of mathematics.  He continues by considering the importance of reviewing and over learning of material to ensure maintenance of skills.
“The one thing I would say to anyone who is struggling with the maths element of their degree (whether having an SpLD or not) is to face the problem; it’s not going to disappear and winging it just stores up the problems. Even if you can get by and pass your modules in the first year, it is likely that you won’t be able to get away with this as the course progresses.”
“First things first, know what you don’t know; isolate the point at which you don’t understand something and start from there. It’s not about being able to answer one question but understanding how you got the answer, so you are able to adapt your learning to other scenarios. To do this seek out people who can help you, be they academic mentors, drop in maths or lecturers. I find academic mentors particularly helpful as they don’t just work on the question provided. They make sense of it and break it down so the student can fully get to grips with the concepts.”
“Of course with maths, it not enough to do something once, you need to work on

your skills and develop them. Think of it as riding a bike. If you maintain your bike, oil it, keep the wheel pumped up, you can jump on it and ride it. If you leave it out in the rain though, it gets rusty and stiff. You can recognise it as a bike, but you are going
to have quite a lot of work ahead of you before you’re going to get to go out for a ride! Steady maintenance is the key, if you are feeling tired and not very motivated, still do something, but choose an easier task! It could be practising worked examples or just re-reading lecture notes, but these are the things that will help you to maintain your

skills.”

Both students consider the importance of working on maths issues, even if they are challenging. They acknowledge the need to confront maths, isolating the areas to be worked on, rather than considering themselves to be unable to do maths. This isolating of the component parts of maths has been considered by  Dowker (2004), who identified the components of mathematical knowledge as having the ability to carry out mathematical functions, understand arithmetical facts,  understand and use arithmetical principles, and apply mathematical knowledge. A similar model is McKlosky et al’s (1985) model which divides maths skills into three groups, calculation, understanding of number concepts and the production of numbers. The models are useful as they isolate specific mathematic difficulties, ensuring that students who have specific difficulties with maths are identified.  By considering the students specific areas of strengths and weakness the students can target their learning and address areas of concern.
Screening tools can be useful in identifying the students’ strengths and weaknesses in the different components. Beacham and  Trott (2006) have developed dyscalculium, a screening tool to identify which maths elements are conceptually understood and which functions  can be executed. This can be used as an effective starting point in planning a student’s targets and learning plan. When developing a plan it is vital that the specific learning differences are considered and addressed. As Crabtree (2010) argues, it is the difficulties that inform us of how to use neuro- diverse activities.
Joel and James also identified using different strategies and learning styles. Kendal (2008) recommends the use of multi-sensory learning methods to support students to make the transition from concrete activities to abstract concepts and allowing more time exploring the concrete level. Multi-sensory learning is also recommended by, Miles and Miles (1992), who suggest that concrete aids such as cuisenaire rods and dienes blocks can help in the transition from concrete to abstract ideas. Again, Miles and Miles highlight the importance of over-learning and consolidation, arguing that a programme needs to be well structured to ensure that each stage has been learned and over-learned, before the student progresses.
Steps lecturers can take:
Joel and James both considered addressing maths difficulties in STEM students to be a collaborative effort and valued the support of their lecturers. They discussed how this support could be instrumental in improving their maths. Here Joel explains how maths can be approached in lecturers to support students’ learning.
“One of the things I have found most helpful is when lecturers focus on the overall concepts rather than just giving the maths. One example of this was when I did an experiment about species richness in transition zones, where I calculated biomass in transition zones, using three different methods. The maths was presented in the context of a scenario which had meaning to me, so I could make sense of the maths and learn it in the real world. I was able to make sense of the data I’d collected, select the appropriate data and extrapolate meaning from it.”
“Worked examples are also really useful. Sometimes lecturers assume a certain level of knowledge and abbreviate some of the steps, but providing each step can make a great deal of difference in supporting students’ understanding. Equally,
maths workshops could be offered for key concepts, after all workshops are provided for dissertation writing. This would provide an opportunity for students to improve
their maths and, just as importantly, would reduce the stigma some students feel

when they find the maths difficult. The workshops would be a way of acknowledging that the maths concepts can be difficult and that students are encouraged to seek support.”
“Finally, one thing that can make a difference to reduce students’ maths anxiety is use of language. One example of this is when lecturers use terms like, here’s a simple model.  The first thing you think is, “if that’s a simple model, what are the complex ones going to be like!” It can erode confidence when you need it most.” James also identified issues with maths anxiety and explores the balance between supporting students and encouraging them to become independent learners.
“When you do courses such as Btecs and A levels, you get lots and lots of support; once you get to university; the emphasis is on you to become more skilled in developing your own skills. Sometimes though, students can feel that that should come to university with all the skills they need ready in place. This can make them feel that they shouldn’t ask for help and worry about being stigmatised, because they can’t do the work on their own. Lecturers can help students to understand that the students are not expected to be able to everything straight away, but that being challenged academically and overcoming difficulties are all part of the learning
experience.”

“One way to do this is to look at the maths support students are offered and how this related to engineering. Stand alone maths courses are a great start, but I think that academic mentors who are specialists in engineering are even better. The mentors don’t just answer the question you present them; they work with you to determine where you get confused and use that as a starting point.  As well as academic mentors, engineering specific resources are particularly useful in developing the maths skill foundations needed. Sessions that support students in finding their own resources can empower students to take control of their learning and identify areas that they need to work on.”
As both students have highlighted, tackling maths issues requires both support in working on maths foundations and tackling issues of maths anxiety. Perry,cited in Henrich and Lee (2011) identified that this is often an issue for higher education student in STEM subjects . Maths anxiety is described by Ashcraft and Faust (cited in Trott 2009) as strong feelings of anxiety or dread when confronted with maths. Strategies to address maths anxiety were investigated by Usop et al (2009) who found that nine strategies were useful in addressing maths anxiety; they include seeking support from tutors, peer support groups, extra maths study time and additional learning materials; supporting Joel and James’ view on specific maths support.
Conclusion:

The experiences described by Joel and James highlight the issues surrounding how maths components in STEM subjects are addressed. As has been discussed by Joel and James, anxiety regarding maths elements in courses can limit course and module choice, and ultimately narrow course options available. Maths anxiety has found to be prevalent in higher education and can be tackled through strategies such as peer support, academic mentoring and support from tutors.
Both students discuss how students can work on these issues and utilise university support systems to address areas for further development; considering the importance of identifying support required in order to develop the knowledge and skills to progress on their chosen course. By addressing these areas, students can build a strong maths foundation, which was felt by the students to be instrumental in achieving success in STEM subjects, especially after the first year when course demands increase.
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