Does Dyscalculia affect the Learning of Mathematical Concepts?

(The‘ Twoness’ of Two)

Jan Robertson

In this article, I shall make an attempt at an extended definition of dyscalculia, analyse what we mean by conceptual difficulty in Maths, and consider the very nature of Maths itself. These three areas are, I believe, considerably interrelated and, partly for this reason, all are ripe for confusion and misinterpretation. I shall look at the question of ‘error’ and how to judge when this is truly significant. I shall also consider what ‘conceptual difficulty’ might mean in relation to the different number systems and in understanding basic algebra. Finally, I shall suggest what this implies when providing support to students with intrinsic conceptual Mathematical difficulty

The Perception of Maths 




                        

Part of the problem is the perception of Maths as a subject in the first place. Basically, Maths gets a very bad press. It is generally considered dry, difficult and boring: cold yet distinctly uncool. This image is unfortunately sometimes reinforced in the most surprising places. At the beginning of a popular book on Mathematical economics, in a textbox - in order, one assumes, to lend special emphasis - one finds the following statement:    


 The impression gained from most of the students who come to us is that it is the bane of their academic lives, the only subject which they cannot get their heads round at all. Indeed, there seems to be a distinct group of people in the population - probably still a minority but a substantial one (maybe around 20% at a guess) who, despite academic achievement in other ways, openly declare their near-total incompetence in Maths. I count many among my own friends and acquaintances.

The perception of ‘dyscalculia’

How do we explain this? At first, it is tempting to turn to the notion of dyscalculia - in its original incarnation as the so-called numerical equivalent of dyslexia. It is tempting, as dyslexia was originally defined as difficulty in reading despite average to high intelligence. It is the similar unexpected contrast between ability in other fields and disability in Maths which is so striking. However, the whole definition of dyscalculia as a sort of dyslexia mirror image reminds me of a superb children’s book, ‘The Phantom Tollbooth’. In it, the little boy Milo travels to the magical kingdoms of ‘Dictionopolis’ and ‘Digitopolis’ that are forever warring with each other. Basically, numbers and words are not alternative rival media. In my view, there are serious problems with this neat matching of literacy difficulty on the one hand and numeracy difficulty on the other. There are many reasons for this view. I offer you three:

1) There is some evidence, particularly from the experiments of psychologist Karen Wynn (quoted in Pinker 1997) for a ‘number instinct ’- an ability to distinguish between, and even add, numbers up to 4, even in very young infants. This is shared also with some animals. It is not hard to see how a number instinct might confer some ‘survival value’. To quote the evolutionary psychologist Pinker: ‘Three bears went into the cave; two came out. Should I go in? ‘       
No evidence is so far available for a ‘reading instinct,’ and it is hard to see how it could confer ‘survival value’ in quite the same way.

2) Numbers are not a medium for communicating ideas in the way that letters forming words are. They have meaning in themselves. In this sense, they are somewhat like musical notes or colours - a box of two apples can be distinguished from a box of three apples in a similar way to how a box of red apples is distinguished from a box of green apples.

3)
It is now generally accepted that dyslexics frequently have difficulty with sequencing, and focusing on one line of thought; there are often short-term memory problems. These are crucial skills for much of Maths, so we would expect a more sizeable proportion of dyslexics to have difficulty with Maths than the general population, and this proves to be the case. The distinction between the two is not so clear-cut.

However, it does seem convincing that there could be a form of ‘number-blindness’ - a sort of ‘colour-blindness’ or tone-deafness, where the actual perception of numbers is faulty. We would expect this condition, if it exists, to be relatively rare, and such appears to be the case. Butterworth (1999), an expert in the field, describes Charles, an adult who typifies what most people currently mean by dyscalculia. Charles has a degree in psychology yet claims to be unable to estimate his shopping basket prices, can only do straight-forward sums on his fingers, and finally, most significantly in my view,




If Charles could use his fingers, he could presumably count but counting is not the way I, and probably you, can immediately tell that 9 is bigger than 5. I know this because I ‘see’ it in my head, on a kind of ‘number spiral’ in my case. Others may visualise objects, or patterns; there are many possibilities. It seems conceivable that some people do not have any kind of template on which to somehow match up the numbers 9 and 5, and this lack is similar to lack of colour perception, or inability to distinguish between the pitch of two musical notes. 

So what attempts have been made to define dyscalculia?

The DfES (2001) defines it in the following way:

“Dyscalculia is a condition that affects the ability to acquire arithmetical skills. Dyscalculic learners may have difficulty understanding simple number concepts, lack an intuitive grasp of numbers, and have problems learning number facts and procedures. Even if they produce a correct answer or use a correct method, they may do so mechanically and without confidence."

There are several problems with this definition, particularly in higher education. What do we mean by ‘lack an intuitive grasp of numbers’? Which numbers? Whole numbers only? What about fractions, minus numbers, decimals, Pi?   There is also confusion between numerical fluency, on the one hand, and understanding of the meaning of number, on the other. Maybe they do it ‘mechanically and without confidence’ because they have had very little practice, and it was taught in a mechanical way. Furthermore it is claimed, later in this definition, that we are referring to around 6% of the general population. This is still a notable number of people, and their difficulties should in no way be minimised, but whatever happened to the much more substantial group of people I referred to earlier? Something more complex is clearly going on here.
A dyscalculia spectrum

One way out of this paradox, I would suggest, is to look at dyscalculia as on a spectrum. After all, other neurodiversity spectra are well-established. We have to be careful here however. It should not be just a spectrum of ‘Mathematical difficulty,’  particularly in terms of learning techniques. There are many reasons for not having learned algorithms and techniques, including never having been properly taught them! Also, it cannot mean the same as ‘mark achieved on an ordinary Maths test’. There are many reasons, including psychological ones (and dyslexic ones) for getting the final answer to a question wrong. No, it can only have meaning if the people on this spectrum can be assessed as having some kind of ‘conceptual’ difficulty’ with Mathematical entities such as numbers of all types. Despite good teaching, motivation, and intelligence they cannot work with them successfully because they do not fully understand their meaning.

I suggest a dyscalculia spectrum might look something like this:
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Readers of the previous article may be wondering where the idea of different ‘modes’ of Mathematical activity comes into this. I shall just characterise these again.

Intuitive mode     Everyday Maths-type activities; Concrete; Specific ;



        Immediate problem-solving; Familiar context, 



        Instinctive Response; Rough Estimation

Tool-box mode     Numerical operations; Symbolic Representation;



         Rote-learned Numerical and Algebraic techniques,



         Translation of Mathematical Language

Abstract mode     Creative activity, Decision making, Discovery, Ideas,


         Deduction, Reasoning with understood Symbols.

Students with intrinsic Mathematical difficulty are defined as being stuck in one mode of thinking, and usually being unable to access the crucial ‘abstract mode’. More extreme cases are unable to reach any mode at all. In the previous article, I did suggest this could perhaps define dyscalculia. I am now suggesting that, with my own new working definition of dyscalculia as anywhere on my spectrum, the modes match up with the spectrum positions roughly as follows:

	Dyscalculia Spectrum Position
	Usual mode

	Extreme
	Cannot access any

	Serious
	Cannot access any

	Moderate
	Stuck in Intuitive Mode

	Mild
	Stuck in Toolbox Mode


Assessment

How do we assess this? Can we? There many traps.  It should be clear that we cannot just set sums, equations and calculations. If we do so, we are being no better assessors than the Red Queen, I’m afraid:



I believe dyscalculia can and should be assessed, but it is problematic and much work remains to be done. At this juncture, I would like to publicise one attempt at the assessment of dyscalculia in higher education. This is  a new ‘screener,’ still under development, known as ‘Dyscalculium’ . The questions were originally created by Clare Trott, of Loughborough University, and myself. They have since been developed by Clare and Nigel Beacham at Loughborough. Our attempt was to find questions which tested understanding of the basic concepts in Maths – of direction, space, time, different types of number, algebraic variables, graphs and so on - without confusing this with assessment of the student’s facility with (and memory for) the procedures associated with these concepts. It is not an easy task, particularly within the confines of a quick screener; it was originally much larger than it is now, but I do think we have made a fair attempt. Information is available from the DDIG and trials are currently being carried out.

Popular Misconceptions of Maths
I would like now to look at the consequences of this kind of difficulty for some of the students who come to us for support. First, we need to clearly understand what we mean by Maths and to distinguish between ability in Maths and fluent numeracy. Maths, I would suggest, is much misunderstood.
I would like you to take a look at a series of quotes. They are all genuine quotes - indeed, it was not hard to think of some. Once you tell anybody that you work in the Maths field, you hear this sort of comment all the time. Try to decide if you agree, or disagree, or if you think the person quoted is labouring under a misconception. If the latter, is it the same in each case or are there differences?

Taxi Driver: That Harold Wilson, he was really good at Maths
Me:   Really? I didn’t know

Taxi Driver: Yes, I saw him on TV once. He could do really big sums in his head.     

Private Student
(arriving for 1st lesson 

                  at my home, flinging past exam papers 

papers dramatically on table)




Old lady at bus stop

 In front of Sudoku         ‘This puzzle requires only reasoning


 Puzzle in the                and logic. There’s no Maths required’
  ‘Independent’ newspaper

  (a puzzle involving the placing 
   of numbers 1-9 exclusively on a grid)

You may not be that surprised to hear that I take issue with all of these commentators; one day, I will get round to writing to the Independent. My view is that they all have the same perception of Maths, and this is an essentially false one. Here, I suggest, is their common misconceived idea of Maths:



[image: image3]
I would like to persuade you that this is a travesty of what Maths is. This is not a mere pedantic distinction between arithmetic and Maths, tempted as I am to go down that line a little. The point is that holding any one of the above misconceived views leads to problems when supporting dyscalculic thinkers - indeed any learners.

The true concept of Maths
Basically, Maths is not a series of facts, rules and procedures. It requires reasoning using abstract Mathematical concepts. These concepts include numbers of all forms, algebraic variables and the like, plus also the concepts of operations between them (addition, multiplication, subtraction, division). If you do not fully understand the concepts in depth you are bound to have difficulty with techniques, especially their application - no matter how patiently and sympathetically they are taught - as they will be essentially un-meaningful. This is despite normal intelligence.

In the previous article, I gave my definition of Maths, which I think does work, on the whole, from basic numeracy to what they do in university Mathematics departments. Here it is again:



I would like to add to this now. After all, how do you analyse a pattern?

How do you reason about a system?  You need tools.



Now, when it comes to ordering, and quantifying in particular, numbers are particularly good. It is what they do; hence, the clear association of Maths with number. But, of course, in other contexts, we are better off with matrices, vectors, graphs, functions - or  diagrams of various kinds. Also, of course, algebraic entities are particularly good at predicting future outcomes or deducing past situations.

I would like you now to consider some simple questions, and ask yourself:

Which would you consider to be a ‘Maths’ question (by my definition)?
Why do you think so?  Are some harder than others?  What skills do they require? What might cause a student to be unable to answer correctly?

1. What is 3 + 2?

2. What is 24 + 47? (here’s a calculator)

3. Jim has twice as much cash as Ann. Ann has £12. How much has Jim?

4. Claire has twice as much cash as Kate. Claire has £18. How much has Kate?

5. Matt has twice as much cash as Raj. Raj has £15. How much has Raj?

6. Julie is playing with some plastic triangles and squares. She has 6 red triangles, 4 red squares, 3 blue squares and 7 blue triangles. How many red pieces does she have altogether?

7. Julie is playing with some plastic triangles and squares. She has 6 red triangles 4 red squares, 3 blue squares and 7 blue triangles. Which colour of triangle, red or blue, does she have more of?

8. The 4 by 4 grid below has 4 columns, 4 rows and 4 ‘blocks of 4’ (top left, top right, bottom left and bottom right) Insert missing colours red, blue, green and yellow  so that each row, column and block of 4 contains the 4 individual colours.

	red
	
	blue
	

	
	
	
	

	green
	
	
	yellow

	
	
	
	


Briefly, I would consider the two de-contextualised questions, numbers ( 1 ) and (2) - the most calculation-type ones - as the weakest in any assessment of what is a Maths question. Q1 can be answered by a mere memory mantra and Q2 requires no more understanding than plugging in a pin-number to a cash machine. It is not just that they are out of context; they have no true meaning as, in my terms, they are not within a system to logically analyse. If the ‘3’ and the ‘2’ are flat door numbers, then they cannot be combined sensibly to give flat 5.

All the rest I would judge as Maths questions, including even question 5, although it requires just comprehension (a kind of ‘zero’ deduction). The order of increasing difficulty of the middle three would be (5), (3), (4), in general, although in practice, student expectation may well play a part.  And questions 6 and 7 are equally Maths questions, despite the fact that one involves addition and the other, mere comparison. Finally, question 8, a ‘mini-Sudoku,’ is undoubtedly a Maths question, despite what the ‘Independent’ editor thinks. It is also irrelevant that I have designed it with colours rather than numbers.

The question of error

I would now like to look at the problem of assessing student error. Is every wrong answer symptomatic of a dyscalculic-like intrinsic difficulty?  Clearly this is not the case.  There are copying slips, and minor calculation errors, which are essentially trivial. In language teaching, in which I am also involved, there is much discussion of the distinction between slips, errors and mistakes; when to correct errors, and when it is damaging to do so. In Maths teaching, this is not so much of an issue, and personally, I think it should be. There is a quite wrong perception that every Maths question has a single right answer: you either get it or you do not. In my view, we put far too much emphasis on obtaining the absolute final right answer. It is far more important for me that students understand the concepts and reasoning leading up to it.

My suggestion would be that three categories of error are symptomatic of true intrinsic conceptual difficulty in Maths as opposed to mere confusion with half-remembered, badly-taught, calculation techniques. I denote these as:

· The Utter Blank Look (UBL)

· The Confident Wrong Answer (CWA)

· The Inordinate Length of Time (ILT).
The best illustration of the CWA that springs to mind comes from when I was working in Maths education research at the University of Nottingham. This was at the beginning of the ill-fated ‘Back to Basics’ campaign of the Conservative government at the time.  We were all very diverted by a radio phone-in on the subject when a caller expressed the following confident view:



What was even more startling was that no-one, not the presenter, nor anyone else, pointed out the gaffe.

Anyone in Maths teaching could give many examples of the CWA. They might include:

7 + 2x is 9x

            x2 = 20, so x = 10

      0.35 is bigger than 0.6

The CWA is often very difficult for support tutors to deal with. The statements are always made with such confidence and relief – “phew! at least I know that” - that it feels cruel to burst their bubble. And you know it may take some time to sort out the underlying difficulty; it is often not trivial.

The ILT is, I think, very important, and often missed if the student does get the right answer in the end. It is possibly best illustrated by Charles Butterworth (see reference list), who used his fingers to decide whether 9 was bigger than 5. Even if he was to finally reach the right conclusion, it is inescapable that there is something conceptually wrong here. 

In order to illustrate my third category of error, I would like you to consider the questions below and try to answer them.

1. Sue finishes studying on Monday at 3pm. On Tuesday she finishes studying at 8pm.  On which day does she study for longer?

2. The temperature in Leicester one Monday is 40C and on Tuesday it is 70C.

What temperature will it be on Wednesday?

3. Joe counts 4 paving stones along one edge of a rectangular pond and 5 paving stones along the other edge. How many stones are there all round the perimeter of the pond?

4. Dez has some apples and some bananas. How much fruit does he have altogether?

5. Linda lives in flat 4. Her friend lives in the same block, in flat 5, and her sister in flat 7. Which two flats are closest together?

6. One box weighs 6Kg, and the other 3kg. Multiply these weights together; don’t forget your units.

7. Graham’s extension number is 6432 and Dave’s is 7132. Whose number is larger?

I suggest you may be experiencing here the ‘utter blank look’ !

Now try these questions, and match them up with the previous set. 

1. Sue studies for 3 hours on Monday, and 8 hours on Tuesday. On which day does she study for longer?

2. The temperature in Leicester on Monday is 40C. On Tuesday it goes up by 7C0. What is the temperature on Tuesday?

3. The length of a rectangular pond is 4m and the width is 5m. What is the perimeter of the pond in metres?

4. Dez has ‘a’ apples and ‘b’ bananas. How much fruit does he have altogether?

5. Linda has £4, her friend has £5, and her sister has £7. Which two sums of money are closest in value?

6. The length of a rectangle is 6m and the width is 3m. What is the area of the rectangle?

7. Which number is larger, 6432 or 7132 ?

It may be that dyscalculic students cannot cope with the second set of (possible) questions because they are perceiving them in the same way as the first (impossible) set. We need to consider this further. Let us look at the dreaded numbers themselves. How could learners of reasonable ability get any of the second set wrong? What can it mean not to have an understanding of how numbers themselves operate - not to have a clear notion of the twoness of two - as is often mentioned on the literature?  If you cannot tell how this might feel, then how about the ‘-2ness of -2’? Is your image so clear?  Numbers are more elusive and subtle than is immediately apparent.

For instance, let us look again at the question of ‘which is bigger, 9 or 5?’

This again reminds me of the ‘Phantom Tollbooth’.

Milo enters the kingdom of Digitopolis and meets the Mathemagician, who is in charge of all numbers. Milo asks if he can have one. He is given a 3.

Can I have a bigger number? asks Milo slightly disappointed. Sure, replies the Mathemagician and offers:


                    ( a very ‘big’ 3)
Before you dismiss this as just a joke, consider this:

Minus numbers are frequently defined in textbooks initially as temperatures below zero. If you as a studious pupil are diligently taking this in, what are you to make of the question:

Which is smaller, -9 or -5?

Colder, maybe, even lower, but smaller? In what sense is -9 smaller?

Maybe it helps to define them as debts?

‘Sixteen tons, and what do you get?

Another day older and deeper in debt?’

So, -9 is deeper maybe, but smaller than -5? Try telling that to the bank!

When you begin operations with minus numbers, the situation is even worse. This was actually suddenly clear to me two years ago with a student in my GCSE group. We shall call him Patrick. Patrick struggled desperately with minus numbers. One day, he was giving a very convincing ‘utter blank look’ to the question: What is -3 - 5 ? He had in front of him a number line. One finger pointed to -3, and the other to -5. You knew exactly what he was thinking - quite consciously in his case. How on earth do you combine these? How can you put them together? They’re just positions!

As for multiplying minus numbers, virtually every textbook I have seen recommends to the teacher you give up trying to explain. Just give ‘em the rule, they say.

Number Roles

The previous argument leads up to the suggestion that numbers play various roles, these roles changing according to the context of the problem. Non-dyscalculic, mathematically-inclined thinkers accept unconsciously this elusive quality of numbers. Dyscalculic thinkers do not accept it, I suggest. This has nothing to do with intelligence. It is a perception.
I have recently formed my own suggested theory of the 7 roles of numbers. These form a rough hierarchy:

	Role
	Descriptor
	Examples
	Alternative symbols

	1
	Label, discriminator, mutually exclusive categories

Static nouns
	Telephone numbers, car registration numbers, Sudoku numbers
	Letters, colours, any words

	2
	Ordered

Labels. Unequally spaced: 1,2,3,-- or 3,2,1

Static nouns
	House numbers,

Grades, year groups, game levels
	Letters,

with alphabetical order A,B,C

or C.B.A

	3
	Shifts, 

Ordered, equally spaced

Dynamic

nouns
	Movements 

up and down, differences from target
	NONE

	4
	Quantities,

Size

Static

adjectives
	Number of discrete items, e.g. apples  in a box, volume in litres of a liquid, prices
	NONE

	5
	Directed quantities,

Size & direction

Static

Adjectives
	Debts, profits and losses
	NONE

	6
	Frequencies

Static

Adjectives
	Number of boxes, each containing a certain weight 
	NONE

	7
	Operators,

Size & direction

Dynamic

Nouns
	Gains or losses of proportions of quantities
	NONE


	Role
	Positive whole numbers included?
	Zero included?
	Minus

Numbers

Included?
	Fractions

Included?
	Comparing

Possible?
	Addition

Possible?
	Multiplication

Possible?

	1
	yes
	no
	no
	no
	no
	no
	no

	2
	yes
	no
	no
	no
	yes
	no
	no

	3
	yes
	yes, start
	yes
	no
	yes
	yes
	no

	4
	yes
	yes, ’true’
	no
	yes
	yes
	yes
	no

	5
	yes
	yes, start
	yes
	yes
	yes
	yes
	no

	6
	yes
	yes, ’true’
	no
	no
	yes
	yes
	yes

	7
	yes
	yes, 

eliminator
	yes
	yes
	yes
	yes
	yes


Numbers playing role 1 include pin-numbers, telephone numbers, road numbers, Sudoku numbers, etc. They have absolutely no value and cannot be compared in size, or even ordered. They are labels, discriminators, that’s all, and other symbols can, and do, take their places. 

Numbers playing role 2 include grades (A,B,C or 1,2,3), game levels of ability and many others. They are ordered, but not equally spaced. They are, in a sense, ordinal rather than cardinal. Often, there is confusion with which way they go- is ‘1’ better or is ‘3’ better?’ - and they are sometimes confused in ordinary conversation, as in, ’by plan 1 do you mean just the first we thought of or the best one?’

Role 3 is ‘shifts’ and here we can add for the first time. There is now meaning to     -3-5. It means we shift down 3, then down 5. The overall change is down 8. This is what we mean by -3-5. The numbers here can be referred to as ‘dynamic’ rather than ‘static’ - a concept borrowed from language teaching.

Role 4 is the classic quantity notion of number, taught from primary school; minus numbers do not play this role.  Fractions can, however. Apples can be halved and quartered. The quantities may be added. You cannot multiply, however. 3 apples x 4 apples means - nothing whatsoever.

Role 5 does include minus numbers, and now we define them as debts, or losses - quantities which can be added in an accounting sort of way. Fractions are possible, too. You can have a loss of ½ a pound. However, you still cannot multiply.

Role 6 seems almost to backtrack slightly. We lose minus numbers and fractions. But the idea of frequency- counting how many you have of a certain number in a certain category - enables multiplication to enter the picture for the first time.

Role 7 is looking at numbers as representing what quantity you are gaining or losing of something else - and that something else could be another number. It is an extension of the idea of frequency. Now we are at last able to define multiplication by minus numbers and by fractions. ½ x 4 means take a ½ quantity of a 4 litre bottle, for instance. Finally, -3 x -4 can be explained as ’ lose a £4 debt 3 times’  - good news, surely. Your account will increase by £12.

There is obviously much more to develop here, and I would be grateful for any comments the reader would like to make regarding these ideas. I believe they may also be relevant to explaining why many students have such difficulty interpreting statistics, for one thing. They also help, in my view, in explaining  algebraic difficulty, which I now consider.

Algebraic difficulty 

The difficulty mildly dyscalculic students have with algebra, I suggest, is that they are unclear what the a’s and b’s actually are. There is a well-known misconception in mathematical education known as the ‘letter as object’ misconception. Holding this misconception means you can very happily simplify 3a + 4a as 7a, because you identify it as 3 apples and 4 apples make 7 apples; not too much of a problem. Also, the idea that 3a + 4b cannot be simplified further - as ‘you cannot add apples to bananas’ - makes perfect sense to the learner. However, many teachers are puzzled and frustrated by the ‘UBL’ some students continuously give to the superficially easy question:



a is 5. What is 7a?

This is despite endless repetition and explanation of the fact that 7a is shorthand for 7 x a.

I suggest this is because the ‘a as apple’ idea is so ingrained that at some level, the student cannot accept the idea that a is 5. But it is written there on the page. I suggest what happens is that instead of the 5 giving meaning and value to the a, the opposite happens and the ‘a’ sends a cloud of objectivity to the 5 causing it to become a mere object 5, a symbolic 5 of no value - indeed a role 1 or 2   5. I have noticed some students, when prompted (as in: now, what does 7a mean?) do get as far as 7 x 5, and then stick - even with a calculator to hand. It is as if the numbers, especially the 5, have lost all meaning. And even if this is finally absorbed, what is the poor student to make of ‘a2.’  How do you square an apple? 

a2 = ---?                                
[image: image4]
Even if they get over this, ‘a’ remains a ‘noun’ type number. This is perhaps why so many students balk at the idea of ‘a apples in the box’; even if they know ‘ a is just a number’ they still cannot accept it taking on this adjectival role. This was nicely illustrated by one student I had this year who had become reasonably happy with the ideas of ‘ a apples,’ etc. yet collapsed in a heap over a GCSE exam question involving- 


[image: image5.emf]£a

     ”How can you write that?” he asked, in some horror.

In conclusion-Supporting students

So, what can we do to help? It is a complicated area, but I would like to put forward some very general suggestions and recommendations. This operates under the assumption that you have a student who is a dyscalculic thinker, either one-to-one or in a very small group.

1. When an error of the UBL/CWA type is made, try to find out where the student is, conceptually, by ‘going down and down’ until you reach their level of understanding. Then start the gradual process of moving back up, controlled by their pace, with carefully graded examples.

2. Back off from correcting trivial copying slips and calculating errors. On the other hand, do watch out for the ILT error; even if they finally get the question right, this is often indicative of an underlying conceptual problem.

3. Throw away the rule book. Students deserve explanation and justification. It inspires Mathematical thinking.

4. Use calculators - they are a useful tool. It helps to focus all energy on the concept you are trying to put over, not on some complicated and unnecessary calculation procedure.

5. Be honest - Maths is abstract. Why deny it? So are music and poetry. So are Sudoku puzzles. These things are very popular.

6. Root new techniques in visual, concrete, intuitive scenarios wherever you can, but then let them take wings, abstract and generalise. This is thinking in the abstract mode. It is not a pure Mathematician’s indulgence. It is necessary to be abstract in order to generalise, link with other previously-learned techniques and apply to new situations.

7. Build on the student’s strengths. This type of thinker often excels at creative, divergent, right-brain thinking. Give them ‘open’ questions; students are likely to enjoy them and they greatly help with the concept anyway.

e.g. a closed question: Find the area of a rectangle 3cm by 4cm.
 an open question:  How many rectangles can you think of with an 

                              area of 12 cm2 ?

8. Look at how non-dyscalculic, mathematically-intuitive thinkers

tackle things, and gently encourage thinking in this way, where you can.

A quick straw poll among ‘mathematically-intuitive’ people I know (not all mathematicians as such), including myself, turned up three constant themes:

Mathematically-intuitive people:

1. Are able to focus on one particular line of thought and follow deductions through without ‘going off at a tangent’. This is sometimes called convergent, or left-brain, thinking

2. Are not easily distracted by what might be called ‘interference’

e.g. solve 2x + 2 = 22.   (Dyscalculic thinkers, even when they have gained understanding of equations, and happily solved several, say things like: ‘I can’t do it with all those 2s’)

3. Take new ideas and concepts on trust for a while, working with and generalising them before they really ‘get it’. They play with new ideas in different - often abstract – scenarios: try them out, in other words, and gradually develop a general  understanding, using their intuition.

Footnote:

In this article, I have considered a possible initial analysis of how students may misperceive mathematical entities, leading to error, confusion, ‘blocks’ about Maths and a sense of failure. How pervasive are these difficulties? Is it possible to lift the cloud which inhibits understanding?’

I believe so, in most cases, given reasonable motivation and time. I leave you with a quote from the actor, writer and comedian Stephen Fry.  In his autobiography, he describes a summer where his father forces compulsory private tutoring upon him for his Maths O Level:

‘’This was the deepest hell imaginable. The man I most feared and dreaded in the world, teaching me the subject I most feared and dreaded in the world’’

This does not bode well. Yet, somehow, by the end of the summer, he could say this:

Algebra, I suddenly saw, is what Shakespeare did. It is metonym and metaphor, substitution, transferral, analogy: it is poetry. I had thought its as and bs were nothing more than fruitless (if you’ll forgive me) apples and bananas.

Suddenly, I could do simultaneous equations.

Yes, it can be done.
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He couldn’t tell whether 9 was smaller or bigger than 5 and had to use his fingers to work it out.
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“Can you do Addition?" the White Queen asked.


"What's one and one and one and one and one and one and one and one and one and one?" 


"I don't know," said Alice. "I lost count”.     


"She can't do Addition," the Red Queen interrupted.
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‘I can do all the Maths. It’s these stupid wordy questions I can’t do!’
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‘They all use calculators nowadays. Nobody can do the Maths anymore.’
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Maths is a set of calculation procedures and techniques


These are based on ‘rules’ set up by some clever Maths person


Sometimes you see how they come about, more often you can’t


The teacher shows you how to do it, then you practice and try to remember


The ultimate aim is to do them more quickly or with more complicated numbers
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discovery and analysis of pattern


logical reasoning applied to systems


recognition and explanation of the underlying links between these
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Maths often involves the use of well-defined symbols: entities within Mathematical systems to classify, order, quantify, predict future outcomes, and deduce past situations.
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In my day, we knew that 0.2   x   0.4   was   0.8
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