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Overview

18.1
Line graphs

18.2
Stem-and-leaf diagrams

18.3
Scatter diagrams

18.4
Cumulative frequency diagrams

18.5
Box plots

18.6
Measures of dispersion

This chapter covers the remaining statistical topics required at this level. The first three sections are also covered in the Foundation syllabus and are identical in content. At higher level, the essential section(s) are on cumulative frequency diagrams (and their interpretations) and corresponding box plots. The final section on measures of dispersion is essentially based upon the standard deviation. This is no longer examined at GCSE, although since it is a more useful measure of dispersion than the interquartile range, it can be used in the Data handling task of the coursework.

Context

The normal distribution used to be covered at GCSE, and it may be advantageous to go over this briefly with the more able pupils. It would provide a relevant example of how the mean and standard deviation can relate to real life, such as the modeling of the distributions of heights, test scores, or the ages of members of a population. The expectation is that 66% of the population lie within one standard deviation of the mean and that the range is covered by approximately six standard deviations.

AQA A references

AO4 Handling data: Processing and representing data

18.1–18.5
4.4a “draw and produce, using paper and ICT, pie charts for categorical data, and diagrams 
for continuous data, including line graphs (time series), scatter graphs, frequency diagrams, 
stem-and-leaf diagrams, cumulative frequency tables and diagrams, box plots and histograms for grouped continuous data”
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Answers to diagnostic Check-in test

1
(–2.5, –1.5)

2
a
Gradient is positive (= 1)
b
Gradient is negative (= –1)
c
Gradient is 0
d
Gradient is infinite

3
a
20 ≤ L < 30


b
31.7 cm


c
30 ≤ L < 35

Chapter 18 • Statistics 2 • Check-in test

1
Draw a set of x-y axes, marking each axis from –4 to +4. The coordinates (3.5, 1.5), (3.5, –1.5) and (–2.5, 1.5) are three points of a rectangle. Plot them and state the coordinates of the missing point.

2
What can you say about the gradients of each of these lines?


a
y = x

b
y = –x

c
y = 3


d
x = 3

3
The table shows the lengths of some marrows grown on Lucy’s allotment.

Length (L cm)
Length (f)

0 ≤ L < 20
4

20 ≤ L < 30
16

30 ≤ L < 35
12

35 ≤ L < 40
10

40 ≤ L < 50
6

50 ≤ L < 60
2


a
State the modal group.


b
Estimate the mean length of a marrow.


c
In which class interval must the median lie?

Incorporating exercise:
18A

Homework:
18.1


Example:
18.1
Key words

line graphs

trends

Learning objective(s)

· draw a line graph to show trends in data

Prior knowledge

Pupils must be able to understand data presented in tabular form. Pupils need to be able to plan and read scales on axes in a variety of situations.

Starter

Present the class with a number of line segments, with different numbers of sections along them (two, four and five sections are the most usual). Put a number at each end of the line, and ask for the numbers that go at other positions along the line segment.

Repeat the exercise with times along the line segments. (A variety of time units is useful, such as minutes, years, dates, etc.)

Main teaching points

Pupils should understand that the use of line graphs to represent statistical information is usually restricted to time series. The reason for this is that line graphs allow estimates to be made at intermediate points.

Some discussion is useful on choosing suitable scales for the axes. If times are measured from a ‘zero’ or ‘starting time’, then the horizontal axis may start at zero; if times are years, or days of the week, or times of day, then it is impracticable to start at zero. Time is always plotted on the horizontal axis.

Pupils should understand that line graphs are useful because they give a picture of how something is changing over a period of time. This is what allows intermediate values to be estimated, and it may allow future predictions to be made, although these should always be treated very cautiously.

Common mistakes

The most common mistakes here are the poor choice, or incorrect use, of scales to represent times. It is also common for pupils to make intermediate or future estimates without giving realistic thought to the data.

Plenary

Have a classroom discussion about the value of line graphs, by asking pupils when they can be used, why they can be useful, etc.

Incorporating exercise:
18B

Homework:
18.2


Example:
18.2
Key words

discrete data
raw data

ordered
unordered

Learning objective(s)

· draw and read information from an ordered stem-and-leaf diagram

Prior knowledge

Pupils must be able to order a set of numbers. They must have a clear understanding of place value, in order to classify the digits of a set of numbers into the same category.

Starter

Show the class a set of numbers, and ask them to arrange them in order, lowest to highest. Do this for sets of numbers of different sizes. For example, you might choose a set of all two-digit integers, all two-digit decimal numbers, all numbers with one unit digit and one decimal digit, etc.

Show the class this set of numbers; 23, 54, 20, 48, 26, 58, 41. Ask them to suggest ways of selecting groups of numbers from this collection that have something in common. Examples include 54 and 48 (both are multiples of 6); 23 and 41 (both are odd numbers), etc. Hopefully, someone will suggest groups with the same tens digit (20, 23 and 26; 41 and 48; and 54 and 58).

Main teaching points

Pupils should understand that it is helpful to order the original data before constructing a stem-and-leaf diagram. It should also be made clear to them that the benefit of this method of representation is that it gives a clear indication of how the data is distributed. It shows the range of the data in a similar way to a grouped frequency table, but maintains all the detail of the original data.

Perhaps the most difficult skill here is in reading the data from a stem-and-leaf diagram. It would be beneficial for pupils to have as much practice in this as possible, ideally as a whole class activity so that it generates discussion and brings out the most common mistakes.

Pupils should understand that a stem-and-leaf diagram is much easier to read if the ‘leaf’ digits are well spaced, and kept in clear columns.

It should be noted that this technique will only be used with two significant figure numbers, but that the numbers may not be two-digit integer numbers. Pupils may have to cope with numbers such as 3.7, or 370, or even conceivably 0.37. Particular stress should be placed on the importance of the key in this technique.

Common mistakes

The most common mistake is in reading stem-and-leaf diagrams: pupils will often forget to recombine the two digits of the original data value, or will not do so consistently. They may also forget to use the key, and so make mistakes with the size of the numbers.

When creating a stem-and-leaf diagram, pupils often forget to provide a key. It is also common not to be careful enough with the spacing of the digits, reducing the effectiveness of the diagram.

Differentiation

Higher achieving pupils will find this section straightforward, and may benefit from being provided with more challenging collections of numbers, such as numbers in the hundreds or thousands, or even decimal numbers.

Plenary

Ask pupils to discuss the possible advantages or disadvantages of stem-and-leaf diagrams over grouped frequency tables.

Ask pupils to bring in one of their own CDs. Ask them to present the time durations of the tracks on their CD in the form of a stem-and-leaf diagram.

Incorporating exercise:
18C

Homework:
18.3


Example:
18.3
Key words

line of best fit
positive correlation

negative correlation
scatter diagram

no correlation
variable

Learning objective(s)

· draw, interpret and use scatter diagrams

Prior knowledge

In terms of statistical work, there is no prerequisite for studying this section. Pupils should, of course, be able to use appropriate scales on axes and be able to interpret intermediate positions within the scales.

Starter

Draw a straight-line graph on a coordinate grid. Ask pupils to find the value of one variable that corresponds with your choice of the other. This might be best done with the help of an OHP.

Main teaching points

Pupils should be shown how to construct a scatter diagram and draw a line of best fit. Two corresponding data values are required for each point to be plotted, and these two values are used as one pair of coordinates.

The line of best fit should be representative of the underlying trend of all the data points. It should be a single straight line, and have approximately the same number of points on either side of the line. The sum of the distances from the points on one side of the line should be approximately the same as the distances to the points on the other side. Outliers should be ignored when drawing a line of best fit.

Pupils should understand how to interpret and use a scatter diagram. The concept of correlation should be discussed at some length. The aim should be to get pupils to consider whether two variables have any connection or influence on each other and, if so, whether the correlation is positive, negative or whether there is no correlation at all.

Pupils should understand how to use the line of best fit to find an approximate corresponding value.

Common mistakes

Pupils often draw lines of best fit inappropriately. Remind them that the line does not necessarily have to go through the origin, nor does it actually have to go through any plotted points.

Differentiation

Higher achieving pupils should be directed to focus on questions 2–5 of Exercise 18C of the Pupil Book, as these are the grade C questions. These require the greatest amount of interpretation of the scatter diagrams and the greatest understanding of the underlying concepts.

Plenary

Ask pupils for examples of variables which would give the different types of correlation. Try to get examples showing, respectively, positive, negative and no correlation.

Incorporating exercise:
18D

Homework:
18.4


Example:
18.4
Key words

cumulative frequency
lower quartile

   diagram
median

dispersion
upper quartile

interquartile range

Learning objective(s)

· find a measure of dispersion (the interquartile range) and a measure of location (the median) using a graph

Prior knowledge

Pupils should be familiar with estimating the mean from grouped continuous data. In particular, the distinction between lower and upper class boundaries and mid-interval values should be known.

Starter

Tell pupils that this section returns to grouped continuous data, so start by revising some terminology from Chapter 11 of the Pupil Book. Write some class intervals on the board, such as 0 ≤ h < 10, 10 ≤ h < 20 and ask pupils for the lower class boundary, the interval midpoint and the upper class boundary.

Go through a quick example of estimating the mean from a grouped distribution. Emphasise that estimating the mean from grouped data requires the plotting of mid-interval values, whereas in contrast estimating the median for that data involves using the upper class boundaries.

Main teaching points

A cumulative frequency curve (or polygon) allows the median to be estimated from grouped continuous data.

Cumulative frequencies (on the y-axis) should be plotted against upper class boundaries of class intervals (on the x-axis). If these points are joined with a smooth curve, the result is a cumulative frequency curve. If they are joined by a sequence of straight lines, the result is a cumulative frequency polygon.

Suppose total frequency is n. Then the lower quartile is the 
[image: image2.wmf]4

n

th value, the median is the 
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n

th value and the

upper quartile is the 
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3

n

th value. These values may be found from reading across from the y-axis and finding 

the corresponding x-value.

The interquartile range is the only measure of dispersion to be examined at GCSE other than the range itself. It is found by subtracting the lower quartile from the upper quartile. Its value indicates the spread of the middle 50 per cent of the data. A small interquartile range indicates the data is generally consistent about the median, while a larger value indicates the data is more spread out.

As a measure of dispersion, the interquartile range is advantageous as it eliminates extreme values through only considering the middle 50 per cent of data. However, this can also be seen to be a limitation and the interquartile range provides little basis for more advanced work in statistics.

Common mistakes

Lower achieving pupils will simply write down the median as 
[image: image5.wmf]2

n

 rather than the 
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n

th value: in other words, they will not make use of the cumulative frequency curve. Some pupils will also plot class mid-intervals along the x-axis rather than the correct upper class boundaries, confusing their work with the estimating of the mean.

Differentiation

The topic of cumulative frequency curves is generally grade B standard at GCSE. However, the procedure for completing a table, drawing the curve and finding the median and interquartile range for a set of data is not difficult and should be manageable by the vast majority of pupils, even if it is rote-learned by the less able. 

A standard discriminator used by examiners is to ask for an estimate of numbers of data greater than a certain value. An example of this type of question is provided in the Worked examples.

Plenary

Which is better, a high interquartile range or a low interquartile range? Ask pupils for their opinions. Can they think of practical instances where it would be preferable to obtain:

· a low interquartile range?

· a high interquartile range?

Incorporating exercise:
18E

Homework:
18.5


Example:
18.5
Key words

box plot
lowest value

highest value
median

lower quartile
upper quartile

Learning objective(s)

· draw and read box plots

Prior knowledge

Pupils should have covered Section 18.4 in the Pupil Book and be able to find the lower quartile, median and upper quartile of a set of continuous grouped data from a cumulative frequency diagram.

Starter

Ask pupils to recall what can be found from a cumulative frequency curve (that is, the lower quartile, median and upper quartile). Can they suggest a precise definition as to what the lower quartile actually is or means? In a similar way, try to encourage suggestions of how the median and upper quartile might be defined.

Main teaching points

Box plots, or box-and-whisker plots, give a visual representation of the range of a set of data and the location of the middle 50 per cent of the data.

The left-hand side of the box corresponds to the lower quartile and the right-hand side to the upper quartile. The median is indicated within the box by a vertical line.

The left-hand line or whisker extends down to the lowest value taken by the data and the right-hand line or whisker extends to the greatest value taken by the data. If the data is grouped, for example, using the intervals 
0 ≤ h < 10, ..., 40 ≤ h < 50, then the left-hand line extends down to 0 and the right-hand line extends up to 50.

The three quartiles Q1, Q2 and Q3 (lower quartile, median and upper quartile) can also be used to find the skewness of a set of data. (Although skewness is not explicitly part of the syllabus, it is referred to in question 5, Exercise 18E of the Pupil Book.) 

Essentially:

· if Q2 – Q1 < Q3 – Q2 then the data has a positive skew

· If Q2 – Q1 = Q3 – Q2 then the data is symmetric

· If Q2 – Q1 > Q3 – Q2 then the data has a negative skew.

Common mistakes

If class intervals are described using inequalities, then pupils sometimes take the least and greatest values – the ends of the whiskers – to be the midpoints of the first and last class intervals respectively.

Plenary

Discuss with pupils the advantages or disadvantages a box plot might have compared with a cumulative frequency diagram.

Incorporating exercises:
18F, 18G

Homework:
18.6


Example:
18.6
Key words

dispersion
standard deviation

measure of spread
ungrouped data

Learning objective(s)

· calculate standard deviation for a set of data

Prior knowledge

Pupils should be familiar with the process of estimating the mean from grouped continuous data. They should also be able to find an estimate for the interquartile range of grouped data from a cumulative frequency diagram and appreciate its use when comparing two sets of data.

Starter

Two measures of dispersion have already been encountered: the range and the interquartile range. Ask pupils to define carefully what is meant by each. What are the advantages of the interquartile range as a measure of dispersion compared to the range? Does it have any disadvantages?

Main teaching points

The standard deviation gives a measure of dispersion of the data about the mean. A direct analogy would be that of the interquartile range, which gives a measure of dispersion about the median. However, the standard deviation is generally more useful than the interquartile range as it includes all data in its calculation. In contrast, using the interquartile range immediately discounts 50 per cent of the data.

The standard deviation  of a set of data is defined as:
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 is is the mean and f the frequency

An equivalent definition is:    
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Either formula can be used when calculating the standard deviation using a tabular method or frequency table.

Plenary

Instead of using a calculator, find the standard deviation of Lucy’s marrows (question 2 of Homework 18.6) by using the formula:


( = 
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The best way to do this is to add and complete two extra columns to the frequency table for (x – 
[image: image11.wmf]x

)2 and f (x – 
[image: image12.wmf]x

)2 and then compute the total of the latter column. Verify that the answer is 10.1cm and thus show that both methods are correct. Note, however, that the calculator method is much quicker and more efficient.

What other advantages does the calculator method have over the tabular method? (There is no loss of accuracy and the estimated mean does not need to be calculated first.)
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18.4	Cumulative frequency diagrams
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18.1	Line graphs
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18.3	Scatter diagrams
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18.2	Stem-and-leaf diagrams
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