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Improving Your Mathematics Skills and Using Statistics

Judith Cattermole and John Brennan

Developmental objectives

This chapter:

· outlines strategies using concrete materials to help you overcome maths problems

· outlines the two main (cognitive) approaches to tackling maths problems (namely the ‘grasshopper’ and ‘inchworm’ approaches)

· demystifies the symbolic language of maths

· suggests ways of learning formulae, if necessary

· suggests strategies for overcoming problems with fractions including templates of concrete material to use (Digital-Download)

· suggests strategies for overcoming problems with decimals (Digital-Download)

· suggests strategies for overcoming problems with statistics including templates of concrete material to use (Digital-Download).

If you have sometimes experienced problems with arithmetic or working with numbers then you may find this chapter helpful, especially if your course work requires an ability to work with fractions, mathematical formulae, decimals and statistics. In this chapter you will find some strategies using concrete materials and exercises, which have been helpful for students in overcoming their problems.

It is not unusual for students with dyslexia, dyscalculia and other specific learning differences (SpLDs) to experience difficulties with the mathematical content of their course, but just as there are ways of helping you with other study skills, there are strategies you can use to help you solve maths problems. According to Vicki Goodman and Bonita Thomson (2012), about 60% of dyslexic people have some difficulties with maths but these are often to do with procedures and remembering the order in which the operations should be undertaken rather than the mathematical concepts.

Thinking (cognitive) and learning styles

In maths it has been customary to refer to the two main thinking (cognitive) approaches to problem solving, as the inchworm and the grasshopper approaches (Chinn and Ashcroft, 2006). These are simply alternative ways of describing a more (w)holistic (grasshopper) approach or a more analytic (inchworm) approach (see Chapter 2). You may have used the questionnaires in Chapter 2 to help you to think about your own cognitive and learning style. These styles can also be applied to learning mathematical concepts and many of the concrete methods suggested here are a combination of both visual and kinaesthetic styles. You should use the information you gained in Chapter 2 to adapt the advice and tips in this chapter to suit your own cognitive and learning style. In the same way that you may have a preferred approach for dealing with words and letters, you may have a preferred approach for solving mathematical problems. The two main types are described below.

Inchworms (analytic) typically:

· focus on the details

· work methodically

· check answers by going through their working from the beginning

· follow instructions.

Grasshoppers (holistic) on the other hand:

· take an overview of the whole problem

· will probably give an intuitive answer

· work back from their answer to check if it is correct

· adjust numbers to make the calculation easier.

You may not clearly fall into one category or the other and feel that you use different methods to solve different problems. Choosing a method of working to suit the task can be helpful and many people work in this way. If you are having difficulties with a mathematical problem and if you feel that you are working like an inchworm or a grasshopper it might be helpful to try using different techniques and approaches. Neither method is right or wrong but one can be more helpful than the other for solving different problems.

Useful tips

Wherever possible use concrete materials to help you understand processes and concepts. Typical things that students use are: paper, string, coins, buttons and even sweets and chocolate bars (this has the advantage of added treat or reward value, but the disadvantage that you might gain weight). Doing things physically can help you to understand concepts and theories. We shall go into this in more detail in the section on fractions.

Use squared paper for calculations. This will help you to:

· line up numbers, symbols and decimal points vertically and horizontally

· draw charts, tables and diagrams neatly

· calculate areas.

Use a calculator wherever possible but always try to estimate your answer first, so you know if you have approxi­mately the right answer on your calculator. Choose a calculator with a large display and keys, which are easy to press. Do the calculation twice to check if you have the right answer.

Language of maths

Understand the language of maths. One symbol can be used to express different everyday words:
Table 10.1 Common maths symbols

	Common maths symbols

	Symbol
	Words

	
	equals, is the same as, equivalent to

	
	add, sum, and, plus, total

	
	minus, subtract, take away

	
	times, multiply, of

	
	divide, goes into, split, share, per

	<
	is less than

	>
	is more than, is greater than

	Advanced symbols

	nx
	means the number n is multiplied by itself  times. So 62 means 6  6 ( 36) and 23 means 2  2  2 ( 8). The power of 2 is called ‘squared’ (62 is 6 squared) and the power of 3 is called ‘cubed’ (23 is 2 cubed)

	√
	means ‘square root’. This is the number which squared equals the number after the sign. So √n is the number m for which m x m  n. For example √25 is 5 because 5  5  25

	∑
	sum of all the numbers

	
	measures the distribution or spread of the data


GO to Common Maths Symbols Table

Formulae are ways of expressing mathematical relationships or rules. They use symbols and letters instead of words, for example:

E  mc2
Energy is equal to mass times speed of light squared

E

m
()
c
2
Notice that in formulae using symbols the times () sign is not included.

Not all universities and colleges require students to remember formula and will give them to you as part of the exam questions. Others will allow students with dyslexia and other SpLDs to take designated help sheets into exams. Find out what your university or college allows you to do rather than using valuable study time in trying to remember something that you do not need to.

Example formulae – converting Centigrade to Fahrenheit

The relationship between temperatures measured in degrees Centigrade (Tc) and degrees Fahrenheit (Tf) is given by the formula:

9Tc  5(Tf  32)
9 times Centigrade is equal to 5 times

Opening Brackets Fahrenheit less 32 Closing Brackets

This formula has something new, namely brackets. Brackets are used in mathematics to indicate the order in which operations (adding, subtracting, multiplying, etc.) are performed. If there are multiple operations in a calculation the order in which they are done will often affect the result.

In order to be clear, rules and procedures have been agreed to define the order of operations in formulae. It is essential to do the operations in the correct order to get the right answer:

· Do things in brackets first.

 7  (4  3)  7  7  49
 7  (4  3)  283  31 (wrong)

· Powers and roots before multiply, divide, add or subtract.

 5  22  5  4  20
 5  22  102 100 (wrong)

· Multiply or divide before you add or subtract.

 3  4  5  3  20  23
 3  4  5  7  5  35 (wrong)

· Otherwise just go left to right.

 30  5  3  6  3  18
 30  5  3  30  15  2
(wrong)

These rules can be remembered through the acronym BODMAS:

B 
Brackets first

O 
Order (i.e. powers and square roots, etc.)

DM
Division and Multiplication (left-to-right)

AS
Addition and Subtraction (left-to-right)

GO to the Digital-Download for BODMAS – A Visual Representation

Example formulae – relationship between distance, time and speed

The relationship between distance (D), time (T) and speed (S) can be presented graphically by a triangle (Figure 10.1). This is intended to show that:

Distance (D)  Speed (S)  Time (T)

Speed (S)  Distance (D)  Time (T)

Time (T)  Distance (D)  Speed (S)

Figure 10.1 Relationship between distance, time and speed

Note that these equations are not independent; any two can be derived from the third. This can be demonstrated by thinking of an equation with an  sign as an old-fashioned beam balance, which, unlike in the illustration, is in balance. The beam will remain in balance if what is added or subtracted from one side is added or subtracted from the other.

So it is with equations; whatever one does to one side of the equation (adding something, subtracting something, multiplying by something or dividing by something) must be done to the other. Taking the first distance equation:

Distance (D)  Speed (S)  Time (T)

or

D  S  T

dividing both sides by T would give:

D  T  (S  T)  T

which is:

D  T  S  (T  T)

which is:

D  T  S

rearranging gives the 2nd equation:

S  D  T

Most equations, such as these, always require that the units used are consistent. In the United Kingdom we might use miles for distance and hours for time to express the speed of a car journey as miles per hour; in modern countries using the metric system one would use kilometres for distance and hours for time to express speed as kilometres per hour. In a different context, such as measuring the speed of a glacier, one could use centimetres for distance and years for time. Remember that the units on one side of an equation must always be the same as those on the other side.

The BrownMath website provides some useful additional guidance on converting units of measurement: http://brownmath.com/bsci/convert.htm.

If you need to remember formulae:

· Write them in a note book in a way that is helpful to you. For example use colour or different thickness of pens.

· Write the formula out in words. For example:

Volume equals length times breadth times height


V

l
()
b
()
h

· Use mnemonics containing words that are significant to you or something you find amusing. Anything will do so long as you find it easy to remember. Anne, who is a single mother of two toddlers, remembered the Energy formula above as:

Exhaustion is the same as mother times children (2)


E

m
()
c
2

· Seek help: If you are receiving tutorial support make sure that your tutor knows that you have problems with numbers. Some universities and colleges offer specialist numeracy help either to groups of students or individuals. Find out if you are entitled to this type of help (see Introduction).

· Search the Internet. There are websites that offer help to adults with dyslexia and numeracy difficulties; two of the best are:

· BBC Skillswise – Maths: www.bbc.co.uk/skillswise/maths

· Basic Skills Agency (BSA) Adult Numeracy Core Curriculum: http://bit.ly/BSAAdultNumeracyCoreCurriculum
The Dyscalculia and Dyslexia Interest Group based at Loughborough University provides an opportunity for exchange of information for students and tutors about issues of studying maths in higher education for students from a variety of backgrounds, including dyslexic students: http://bit.ly/LoughboroughDyscalculiaAndDyslexiaInterestGroup.

Understanding fractions

Many students find understanding fractions difficult, so here are some techniques that you could find helpful. If they don’t work for you then use your imagination to adapt them to suit your own needs and learning style.

Folding paper method

Try this technique of folding paper. It might be easier if you use squared paper, which will give you some lines to use for folding.

Go to Understanding Fractions – Folding Paper Method

Take a sheet of paper and fold it once along the middle. You will now have two equal parts (two halves), which make one whole. The words one half are written numerically as a fraction:


[image: image1.wmf]1

2


You can write this fraction on each piece of paper:
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	Fold line


Figure 10.2

Notice that:

· The number under the line tells you how many pieces make a whole one: the denominator.
· The number on top of the line tells you how many pieces in that fraction: the numerator.

(It is easy to remember: denominator and down start with same letter.)

Fold the paper along the original fold line and then fold it in half again. Open it out. You will now have four pieces (four quarters). The words one quarter are written numerically as a fraction:
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You can write this fraction on each piece of paper:
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Figure 10.3

For more fractions, carry on folding the same piece of paper, which will give you eight pieces:
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Figure 10.4

Now take another piece of squared paper and this time fold it into three equal pieces to give you thirds:
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Figure 10.5

Write the correct fraction in each piece. If you folded the paper again how many pieces would there be?

Alternative approaches

Using colour

Some students find folding the paper fiddly and prefer a different approach using different colours to represent different fractions.

You can try using one piece of grey paper to represent the whole one on which you can lay differently coloured segments of paper to represent, halves, quarters, eighths, thirds, sixths, fifths and tenths.

GO to Understanding Fractions – Using Colour

You can colour code the different segments to demonstrate the different ‘fraction families’ and to help you remember the relationship between:

· halves, quarters and eighths

· thirds and sixths

· fifths and tenths.

Using a fraction wall

An alternative approach is to use a fraction wall. This combines elements of the folding and colour techniques.

GO to Fraction Walls

Not all these methods will be suitable for everyone; choose the one that works best for you or, even better, use your own ideas to adapt these methods or make up your own.

On the Digital-Download you will also find some help sheets that explain how to make calculations using fractions. These are intended to be used only as a reminder and backup learning aids and not as a replacement for tactile, visual and verbal techniques you may want to try out for yourself.

GO to Adding and Subtracting Fractions; Fractions; Multiplying Fractions

Decimals

Like fractions, decimals are used to represent parts of things. A decimal number uses a decimal point (a dot) to separate whole things (integers) on the left from parts of things (fractions) on the right (see Table 10.2).

Thus, if you see a decimal such as 0.216 this means there are:

Two tenths  one hundredths  six thousandths

Or:
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Remember the whole numbers on the left of the decimal point get larger as they move away from the decimal point, but the numbers on the right get smaller (see Figure 10.6).
Table 10.2 Decimals

	Examples
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	 0.5
	1/3
	 0.3333
	A decimal can be seen as a fraction of tenths, hundreds, thousands and so on.

So 0.25 is 
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	 0.25
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	 0.125
	2/3
	 0.6667
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	 0.625
	
	
	


Figure 10.6

Test yourself

Put the following decimal numbers in sequence starting with the smallest number first and ending with the largest:

100.6
99.16
9.3
100.59
100.635
9.08
31.5
31.49

Fill in the missing numbers in each sequence:

3.97
3.98
3.99
_____

24.97
24.98
24.99
_____
25.01
25.02
25.03

GO to Decimals – Test Yourself Answers

On the Digital-Download there are some help sheets, which explain in more detail how to do decimal calculations.

GO to Calculating with Decimals; Understanding Decimals

Case study for fractions

Paul was a foundation year business studies student who described himself as a failure because he was struggling with the mathematical content of his course. He was particularly concerned about his inability to understand the concept of fractions and decimals. He felt that this was probably due to his dyslexia and his inability to concentrate for extended periods of time. He also said that figures (numbers) often became blurry and he lost his place when looking at a series of numbers. Because of his past failures in maths he said that he felt like giving up before he started with some coursework questions that included fractions and decimals because he found them so difficult to understand.

Paul said, ‘I like to visualise things in my head so I can see the whole picture of the problem.’ When he was presented with a problem he would give an estimated trial answer and then work backwards to see if he was right. He did not like to write things down but worked things out mentally in his head. Paul said that he liked the challenge that this presented; he said writing things out was boring and seeing the numbers and symbols on the page muddled him up. He did like to work with concrete materials but found the folding of paper method ‘fiddly and time consuming’, but he did enjoy working with different-coloured paper as this was ‘more exciting and visual’.

He also liked the opportunity to add and take away different pieces of paper and immediately saw that if he took away, for example, one quarter from three quarters which were laid over the grey whole one, he was left with two quarters, which was equal to half of the whole one. He liked approaching this as a puzzle and working out which pieces he could use.

Points to remember

· Use concrete materials as a starting point to help you to understand number concepts and processes.

· Use your preferred thinking (cognitive) and learning styles (see Chapter 2) to develop techniques that will help you.

· Be prepared to progress at a rate that suits you.

· Use materials that appeal to your own needs and be prepared to adapt them if necessary.

· Do not be surprised if your progress and development is not regular and be prepared for revision periods.

· Try out different methods and techniques, especially if you seem to be working at either end of the grasshopper–inchworm continuum.

· Be prepared to seek or ask for more expert help if this is appropriate.

· Use the Web – see the web links at the end of the chapter.

Statistics

Statistics is a range of techniques for gathering, organising, analysing and presenting quantitative data (Brown and Saunders, 2007). It attempts to maximise the interpretation, understanding and use of ‘raw’ data; it tries, if you will, to enable one to see ‘the wood for the trees’ where numbers are concerned. Statistics is used by those studying the social sciences, medicine, psychology and business, amongst other subjects.

In the following section you can see how a subject like statistics, which many dyslexic students find very difficult, can become more accessible with the use of colour, visual representations and concrete examples. The basic statistical concepts of mean, median, mode and distribution are demonstrated through these methods.

Mean, median and mode

A student measured the heights of 11 university students. The results were arranged in increasing order (rank order) – see Figure 10.7.
Figure 10.7 Heights of students in rank order

There are three different ways of thinking about an average of a set of numbers:

· mean (arithmetic average) written as
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· median (middle number)

· mode (most frequent).

Mean

The mean, or arithmetic average (shown in Figure 10.7), is written as:
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Where:

 (sigma)
the sum of the sample (all the values added together)

n
the number of samples (in this example n  11 people)


the value of the sample (the number)

Figure 10.8 Mean height of students

Taking another set of numbers: 40, 41, 55, 55, 60, 65

The mean is: 
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 52.67

In this case, because of the two small readings, the mean is smaller than most of the numbers in the sample.

Median

The median of a group is the middle number in a list when arranged in rank order. In the student heights sample, the median is the 6th number (see Figure 10.8).

This works for odd numbers of samples, but if the number of samples is even then the median is taken as the arithmetic mean of the middle two numbers.

For example, given the set:

1, 1, 2, 3, 4, 5, 6, 7.

The median is 
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By contrast the mean is 
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 = 3.625
Figure 10.9 Median height of students

Mode

The mode is the measurement that occurs the greatest number of times. In the case of the student heights, the mode is 174. Sometimes there may be several modal values in a set of data. In the set:

46, 48, 50, 51, 51, 51, 52, 53, 53, 53

There are two modal values; 51 and 53

The median of this set is 51

While the mean 
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=50.8

Test yourself

Rank the following numbers then calculate the mean, median and mode:

1
23, 45, 54, 45, 67, 45, 56, 67, 34

2
34, 45, 45, 23, 34, 45, 45, 67, 65, 43

3 
2, 4, 5, 7, 2, 4, 3, 7, 5

4
1, 4, 6, 4, 8, 7, 6, 5, 4, 5

The answers can be found on the Digital-Download.

GO to Answers to 3M Questions

Distribution

Normal distribution data

The normal curve is a distribution of scores, which is symmetrical about the mean – that is, each side is a mirror image of the other (see Figure 10.10). The median, mode and mean will coincide at the centre of the curve – the high point. The further away any particular value is from the mean, above or below, the less frequent that value will be.
Figure 10.10 Heights of students in a lecture theatre, showing normal distribution

GO to Normal Distribution Chart

Frequency curve

The frequency curve shows the range of data (Figure 10.11). This set of results shows that the distribution is not symmetrical and the data are positively skewed (skewed to the left) (see Figure 10.12). This indicates that the lower values have a higher frequency, that is, there are very few tall people.
Figure 10.11 Frequency curve
Figure 10.12 Frequency curve – positively skewed

If the frequency curve is negatively skewed (skewed to the right) then there would be more tall people and fewer short people (Figure 10.13).

If the frequency curve is symmetrical then there is a normal distribution of heights with equal numbers of tall and short people (Figure 10.14).
FIGURE 10.13 Frequency curve – negatively skewed

Figure 10.14 Frequency curve – normal and symmetrical

The range

The range is the difference between the highest number and the lowest number. In the case of the students’ heights the range is:

210  140  70

For different sets of data, the mean and the range could be the same, yet the distribution of the data could be completely different.

The standard deviation

The standard deviation is often used to measure the distribution or spread of the data. If somebody says that the data have a small standard deviation, they mean that a lot of the data are grouped closely around the mean, i.e. there are lots of people of about the same height. If they have a large standard deviation then there is obviously a variation in heights in the group.

Standard score

A standard score sets the mean of a reasonably symmetrical and bell-shaped set of data such as the one in Figure 10.14 at 100. The standard deviation will be 15 and one standard deviation each side of the mean will include roughly 68% of the data and two standard deviations each side will include roughly 95% of the data. Using standard scores enables one to compare scores on different tests and is used to rank performance. As a student with dyslexia or other SpLD, you will have encountered standard scores resulting from your assessment.

Percentile

A percentile shows the rank (say of an individual’s performance score) on a scale of zero to a hundred. Thus saying one is in the 98th percentile means one is in the top 2%.

Confidence intervals

Statisticians use a confidence interval to describe the amount of uncertainty associated with applying a result from a sample to the total population from which the sample was drawn.

For an individual test the confidence interval is the range within which one can be reasonably confident that the scores are accurate and have not been achieved by chance or accident. If the individual repeated the test it is the band within which the new result could be expected.

Inferential statistics

So far we have been covering techniques for describing a set of data; this branch of statistics is known as ‘Descriptive Statistics’. Although universities are interested in descriptions and students will gain credit for good descriptions of data, they are more interested in analysis. Students will be required to make inferences from data collected in projects or dissertations. Equally students must be able to review and evaluate the inferences drawn by others. This branch of statistics is known as ‘Inferential (analytical) Statistics’.

Statistics can never prove a premise completely; the best they can do is provide strong support for a hypothesis, inference or conclusion. Evaluating this support is a form of critical analysis. Discussion of the statistical tests used to support an inference drawn from a sample is beyond the scope of this book, but there are many resources on the Web:

· Statistics for the Terrified: www.conceptstew.co.uk/pages/home.html

· Stat Pages: http://statpages.org/

· University of Vermont Fundamental Statistics: www.uvm.edu/~dhowell/fundamentals7/

· East Carolina University Statistical Resources: http://core.ecu.edu/psyc/wuenschk/Statistics.htm

Continue to use colour, visual representations and concrete examples to make sense of terms such as probability, confidence, correlation and coefficient of determination.

Points to remember

· There are three possible ways of obtaining the averages from data, after you have arranged them into rank order (rank order  increasing value, e.g. 1, 2, 3, …. 7, 8, 9, 10 …):

Mean is the arithmetic average.

Median is the middle number.

Mode is the number, which comes up the most times, and can be more than one number.

· The size of the standard deviation gives you an idea of the spread of the sample.

Please go to the Digital-Download accompanying this book to find the following documents:

Adding and Subtracting Fractions
Word Document

Answers to 3M Questions
Word Document

BODMAS – A Visual Representation
Word Document

Calculating with Decimals
Word Document

Common Maths Symbols Table
Word Document

Decimals - Test Yourself Answers
Word Document

Fraction Walls
Word Document

Fractions
Word Document

Multiplying Fractions
Word Document

Normal Distribution Chart
Word Document

Understanding Decimals
Word Document

Understanding Fractions – Folding Paper Method
Word Document

Understanding Fractions – Using Colour
Word Document

Chapter web links 

	General maths resources

BBC Skillswise – Maths

BBC Bitesize – Maths

Basic Skills Agency (BSA) Adult Numeracy Core Curriculum

Maths is Fun

Math2

Awesome Library – Maths
	www.bbc.co.uk/skillswise/maths

www.bbc.co.uk/education/subjects/z38pycw

http://bit.ly/BSAAdultNumeracyCoreCurriculum
www.mathsisfun.com

http://math2.org/

www.awesomelibrary.org/Classroom/Mathematics/Mathematics.html

	Math Tutor

Loughborough University Dyscalculia and Dyslexia Interest Group

The Centre for Innovation in Mathematics Teaching
	www.mathtutor.ac.uk/

http://bit.ly/LoughboroughDyscalculiaAndDyslexiaInterestGroup

www.cimt.plymouth.ac.uk/menus/resources.htm

	Statistics and measurement

Statistics for the Terrified

Stat Pages – web pages that perform statistical calculations

Prime Numbers

University of Vermont Fundamental Statistics for the Behavioural Sciences

East Carolina University Karl Wuensch’s Statistical Resources

OpenStat – Free statistical programs and materials

IBM SPSS Statistics Software

BrownMath – Converting units of measurement 
	http://www.conceptstew.co.uk/pages/home.html

http://statpages.org/

http://primes.utm.edu/
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