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Overview

11.1
Averages

11.2
Frequency tables

11.3
Grouped data

11.4
Frequency diagrams

11.5
Histograms with bars of unequal width

11.6
Moving averages

11.7
Surveys

11.8
Social statistics

11.9
Sampling

This chapter covers the basic statistical topics required at this level. Measures of location of discrete and continuous data are included (excluding the median estimate of continuous data), along with the displaying of data in the form of frequency polygons and histograms. The four final sections comprise two distinct topics on moving averages, and surveys, social statistics and sampling.

Context

Averages are of course used in a huge variety of everyday situations, from schools (test marks, attendance figures) and shops (daily/weekly takings, annual turnovers, profit margins) to finance (planning and making forecasts) and sport (batting averages, attendance figures). Share prices and changes in currency can initially appear erratic, but their general trends can be observed through the practical use of moving averages. These also have their use in actuarial work.

The sections on surveys and sampling at the end of the chapter are also particularly important, given their likely prominence in regard to statistical coursework tasks. Pupils may well have to design and conduct a survey or questionnaire, and explain, for example, the type of sampling they have chosen (and why) when writing up 
their task.

AQA A references

AO4 Handling data: Processing and representing data

11.1–11.3
4.4e “... calculate the mean for large data sets with grouped data”

11.4–11.5
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”

11.6
4.4f “calculate an appropriate moving average”

AO4 Handling data: Interpreting and discussing results

11.1–11.3
4.5d “compare distributions and make inferences, using shapes of distributions and measures of average and spread ...”

11.6
4.5b “interpret a wide range of graphs and diagrams and draw conclusions; identify seasonality and trends in time series”

11.8
4.5j “interpret social statistics including index numbers; time series; and survey data”

AO4 Handling data: Specifying the problem and planning

11.7–11.9
4.2d “...select and justify a sampling scheme and a method to investigate a population, including random and stratified sampling”


4.2e “design an experiment or survey; decide what primary and secondary data to use”
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Answers to diagnostic Check-in test
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a
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Chapter 11 • Statistics 1 • Check-in test

1
Find the mean of these sets of numbers.


a
6, 0, 4, 4, 5, 8, 3, 2, 2, 6


b
110, 150, 100, 120, 170

2
Find the mode of these sets of numbers.


a
2, 5, 6, 6, 7, 7, 8, 8, 8


b
6, 4, 4, 3, 6, 7, 9, 9, 1, 9, 2, 3, 5, 3, 8, 3

3
Find the median of these sets of numbers.


a
6, 7, 9, 9, 10


b
6, 7, 9, 10, 10, 20


c
5, 7, 1, 0, 2, 8, 3

4
Find the range of these sets of numbers.


a
6, 0, 4, 4, 5, 8, 3, 2, 2, 6


b
110, 150, 100, 120, 500

5
The ages of the members of an extended family are 2, 5, 16, 34, 36, 59, 65, 96.


a
Calculate the mean age.


b
Calculate the mean age in 10 years (assuming all are still living).

6
A class was given a maths test and the scores obtained were:


Boys: 5, 45, 48, 60, 60, 64, 64, 67, 69, 79, 87, 88


Girls: 40, 48, 54, 59, 60, 62, 64, 65, 70, 76, 84, 96


a
Calculate the mean score for i the boys and ii the girls.


b
Calculate the mean score for the whole class.

7
The mean age of four children is 7.5. Three of the children are aged 3, 4 and 8. Calculate the age of the fourth child.

Incorporating exercise:
11A

Homework:
11.1


Example:
11.1
Key words

mean
median

measure of location
mode

Learning objective(s)

· use averages

· solve more complex problems using averages

· identify the advantages and disadvantages of each type of average and know which one to use in different situations

Prior knowledge

Pupils should know how to calculate the mean, mode, median and range from small sets of discrete data.

Starter

Encourage an initial discussion on averages. Ask pupils what is meant by an average. Explain that it is a single number used to represent all the data.

Ask pupils why we need (or use) three types of average.

Ask pupils to describe each of the three types of average.

Main teaching points

The first teaching point must be to go through finding the mode, mean and median of sets of discrete data. Look at data distributions with pupils where there is more than one mode to clarify how the mode is found in such situations. Similarly, it is also useful to clarify at this early stage how the median is found when the data consists of an even number of values.

Problems involving the mean are likely to focus on those such as questions 8–10 in Exercise 11A of the Pupil Book, where a mean is changed due to the addition of a number to the data, requiring this unknown number to be found. It is therefore suggested that you look at question 2 from worked examples 11.1 with the pupils.

The other aspect of this section is based on choosing the most appropriate type of average for the data. The mode and median tend to be more representative of the data when the data contains one or more outliers, as these are then ignored. For larger samples, any outliers tend to have less of an effect on the average, and the mean is more likely to be used in these cases. For qualitative data, the mode is the only measure of location that can be used. Remind pupils that measures of location – mean, mode and median – have units.

The mean is generally the most useful average to use since it is the only measure of location that uses all the data in its calculation. It is for this reason that the terms ‘mean’ and ‘average’ are often (though incorrectly) used interchangeably. The mean is also the foundation for much statistical work, a lot of which is beyond the scope of this book.

Plenary

Ask pupils to write down five numbers that have a range of 4, a mean of 4 and a median of 5. (Answer: 1 4 5 5 5. Others are possible, for example, 2 2 5 5 6.)

Incorporating exercise:
11B

Homework:
11.2


Example:
11.2
Key words

frequency table

Learning objective(s)

· calculate the mode and median from a frequency table

· calculate the mean from a frequency table

Prior knowledge

Pupils should have covered Section 11.1 and be able to find the mode, mean and median of discrete data.

Starter

Ask pupils for definitions of each of the three types of average, in doing so recalling much of the material from the previous section.

Select a straightforward set of numbers with some repeated (such as 2, 2, 3, 3, 5), and ask pupils to calculate the mean. Do this with similar sets, leaving each set and each answer visible, then put each set into an appropriate tabular form, introducing pupils to the formality and notation of labelling the columns as x, f and fx.

Main teaching points

The finding of modes and medians from a frequency table is essentially revision. However, a majority of pupils often get confused in obtaining the median from a frequency table, and it would be useful to go through an example, perhaps question 1 from worked examples 11.2.

The new work in this section is in finding the mean from a frequency table. The standard method should be gone through with pupils in detail. Ensure pupils label the columns x, f and fx as required. When calculating the mean from the given values, encourage the constant use of the correct notation:
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Common mistakes

A common mistake at higher level is for pupils to use the formula:
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If columns are clearly labelled and the correct formula written down, this should not occur.

When using a calculator, there are two common mistakes. First, pupils often forget that if they make a mistake and start again, they must be very sure that they have cleared the calculator’s memory before re-entering any data. Second, they must be sure which way round their calculator accepts the data value and frequency inputs. Again, calculators are often different in this respect.

Differentiation

Low achieving pupils will find this work difficult, or at least difficult to remember accurately. They may be more successful if the data is taken out of tabular form and listed in full before any calculations are attempted, although with a larger sample space this is likely to prove impractical.

Plenary

If pupils have access to scientific calculators, a useful plenary would be to demonstrate the method of finding a mean using the statistics mode of a calculator. The usefulness of this approach could easily be demonstrated by checking the answers of some of the questions in the Pupil Book or on the Worked examples sheet.

Incorporating exercise:
11C

Homework:
11.3


Example:
11.3
Key words

continuous data
groups

discrete data
modal group

estimated mean

Learning objective(s)

· identify the modal group

· calculate and estimate the mean from a grouped table

Prior knowledge

Pupils should know how to calculate the mean from a grouped frequency table containing discrete data, as covered in Section 11.2. They should also be familiar with the use of inequality symbols.

Starter

It is often the case that revision will be needed on inequality symbols. Go through, <, >, ≤ and ≥ with the pupils.

Discuss a set of intervals given in terms of inequalities. For example, ask pupils what 0 ≤ x < 10, 10 ≤ x < 15, etc. mean. It might be useful to introduce and explain terms such as the lower class boundary and upper class boundary of each interval.

Explain why it is best to use inequalities when describing continuous intervals, rather than simply expressing a range such as 0–10, 10–15, etc.

Main teaching points

Pupils should not have any difficulty in finding the modal group from a grouped frequency table, as this is identical to finding the mode from a frequency table, which is covered in Section 11.2. A reminder that the modal group is found from the group with the highest corresponding frequency is usually sufficient.

The method of estimating the mean is the same as that in Section 11.2, with the additional step of taking x as the mid-interval value of each class. Formally, x is taken to be the mean of the lower and upper class boundary of each class interval.

Common mistakes

Some pupils decide to interpret the phrase “find an estimate for the mean”, as meaning guess the mean, especially after a period of time following the work actually being taught.

Plenary

Discuss with pupils the reasons why class widths of a certain size might be chosen before collecting a sample. Must they all be of the same width? Under what circumstances might it make sense to choose different widths?

Examine the change in estimate of the mean if different class widths are chosen. For example, look at question 2 from Homework 11.3 but using these three class intervals: 0 ≤ x < 4, 4 ≤ x < 8 and 8 ≤ x < 12.

Incorporating exercise:
11D

Homework:
11.4


Example:
11.4
Key words

continuous data
frequency polygon 

discrete data
histogram

Learning objective(s)

· draw frequency polygons for discrete and continuous data

· draw histograms for continuous data with equal intervals

Prior knowledge

Pupils should have covered Sections 11.1–11.3 of the Pupil Book. Although this is not essential in terms of drawing frequency polygons and histograms, this section is a natural continuation of the work done previously.

Starter

Statistical data is often presented in pictorial or graphical form. Ask pupils for the types of such presentations they may have already encountered.

Can they suggest any advantages one format might have over another? For example, a pie chart, which illustrates frequency as an area, could be argued to be more ‘visually correct’ than a bar chart, where the bar widths may be misleading to the eye.

Main teaching points

A frequency polygon is a graphical display of a frequency table. It is important that pupils are clear about where to plot the points comprising a frequency polygon. The height of each point is straightforward, as it just represents the frequency, but the horizontal position is more complex. For ungrouped data, the position is directly above the data value, whereas for grouped data, pupils should understand that they need to find the midpoint of each group as if they were going to calculate the mean, and then use this as the horizontal position to plot. Horizontal axes should always be drawn with a continuous scale, whether grouped or ungrouped data is being used.

Histograms give a visual representation of continuous data, and hence there are no gaps between bars (except in cases where the frequency is zero). The frequency of the data in a histogram is given by the area of a bar, as opposed to the case of the bar chart, where the frequency is indicated by the height of a bar. The y-axis is always labelled ‘frequency density’. The frequency density for each class interval can be calculated from this formula:

frequency density = 
[image: image8.wmf] width
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The class width for each interval is found by subtracting the lower class boundary from the upper class boundary.

Common mistakes

The most common mistake in drawing frequency polygons is the use of grouped labels on data axes rather than continuous scales; for example, labelling a whole section of the axes ‘5 to 10’ or ‘5–10’ instead of a clear 5 at one mark and 10 at the next mark, with consistently sized gaps between the marks.

In drawing histograms, calculating the bar widths is straightforward if class intervals are described using inequalities, as the upper and lower class boundaries are given explicitly. However, if class intervals are not defined by inequalities, then care must be taken to calculate the bar widths correctly. For example, if the times of an event are noted to the nearest second, and the intervals are given as 6–10 secs, 11–15 secs, 16–20 secs, etc., then the first bar width should be 5 (10.5 – 5.5) and not 4 (10 – 6).

Although in this section all class intervals involving histograms will be of equal size – and, hence, bar widths will be of the same size – this shouldn’t be assumed, as pupils are soon introduced to histogram problems involving unequal class intervals. Calculated bar widths must therefore be checked.

Differentiation

The principal differentiation here is with the type of data used. Drawing frequency polygons for ungrouped data is a grade D topic, whereas if the data is grouped it becomes a grade C topic. Drawing histograms of grouped data (with equal class intervals) is a grade C topic, but if the data has unequal class intervals (covered in Section 11.5) it is a grade A topic.

Plenary

Refer pupils to Worked example 11.3 with its grouped data on the height of seedlings. What coordinates would need to be plotted to obtain a frequency polygon from the data of the seedlings’ heights?

Ask pupils to draw a frequency polygon and histogram of this data, asking them to compare and contrast the results.

Incorporating exercise:
11E

Homework:
11.5


Example:
11.5
Key words

class interval
median

interquartile range
upper quartile

lower quartile

Learning objective(s)

· draw and read histograms where the bars are of unequal width

· find the median, quartiles and interquartile range from a histogram

Prior knowledge

Pupils should be familiar with the work covered in Section 11.3, namely estimating the mean from a grouped frequency table, and Section 11.4, drawing histograms from grouped data with equal class intervals.

Starter

Draw a normal distribution curve on the board. Explain that many real-life situations follow this distribution. For example, people’s heights, weights of biscuits made by machines and so on, which is why it is called the normal distribution.

Ask pupils how they could find the median and quartiles. Establish that these are the values where the area under the curve is split into 25% sections.

Main teaching points

Now draw any histogram (with or without equal widths) on the board and ask how we could use the previous idea to find the median and quartiles.

Establish that the median is the value where the area on each side is half of the total area.

Discuss how to find this if the value is within the width range of a bar:

· Imagine the class boundaries are p, q, etc, and that the areas of the bars are A, B, etc.

· By working out the cumulative areas it can be established which bars the quartiles and medians are in.

Tell the class to imagine that the median is between t and u on this histogram:

[image: image9.jpg]Median




If a formula is needed this is: 


Median = t + 
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Similar formulae are used for the lower and upper quartiles.

Plenary

Two ways of displaying continuous grouped data with unequal class intervals have now been considered, namely the frequency polygon and the histogram. Discuss with pupils which they think is the most useful. Or is the ‘usefulness’ dependent on the type of data being analysed?

Incorporating exercise:
11F

Homework:
11.6


Example:
11.6
Key words

moving average
seasonal trend

trend line

Learning objective(s)

· calculate a moving average and use it to predict future trends

Prior knowledge

No prior knowledge is required.

Starter

Give pupils a set of five numbers. After some explanation, ask them to calculate a set of two-point moving averages. Can they suggest a reason how or why this procedure might be useful?

Main teaching points

A moving average gives the general trend for a set of data over time. For example, the sales of ice creams can fluctuate greatly over the course of one year, but year on year there may be a general trend of increased sales.

General trends in data that might be subject to short-term fluctuations can be seen more clearly by calculating moving averages, which have the effect of smoothing out these monthly (or seasonal) fluctuations. Stockbrokers, for example, often use six-monthly moving averages as a guide to the general trend of a company’s share price.

Given a sequence of numbers ai, (i = 1, ..., n), the sequence of two-point moving averages would be defined as:
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The sequence of three-point moving averages would be: 
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Similarly, you can calculate the four-point, five-point and six-point moving averages, and so on.

The trend line is found by plotting the moving averages against the time and joining the points with straight lines.

Plenary

As mentioned in the Main teaching points, ice cream sales inevitably increase every summer and decrease in the winter. The general trend in year-on-year sales can be analysed through moving averages. What other products might benefit from a moving average analysis? (There are many possibilities, such as flowers, toys, Easter eggs, etc.)

Incorporating exercises:
11G, 11H

Homework:
11.7


Example:
11.7
Key words

data collection sheet
leading question

hypothesis
survey

Learning objective(s)

· conduct surveys

· ask good questions in order to collect reliable and valid data

Prior knowledge

Pupils must be able to construct and use tables. Pupils should know how to use a tallying procedure accurately and effectively.

Starter

Ask pupils to count up how much money they have on them, but not to tell you. Give them a (deliberately poor) choice of possible responses, such as (i) between £0 and £1, (ii) between £1 and £5 or (iii) between £5 and £10. Collect up their responses by tallying on the board.

Ask for comments. Points to look for include (a) why not just ask exactly how much everybody has, (b) what do you do if you have (for example) exactly £5, and (c) what do you do if you have more than £10?

Main teaching points

Pupils should understand that simple, clear and unambiguous questions, with a clear choice of the possible answers, are the most appropriate and efficient way to structure a data collection sheet. The design should include appropriate space to record the responses. This will usually be spaces for summarising responses by tallying.

Pupils also need to consider the most appropriate way to design questions and response options when designing a questionnaire. They should understand the five main rules that are highlighted in the Pupil Book. Plenty of discussion is recommended here, so that pupils have every opportunity to consider what makes good and bad designs. Pupils should be given the opportunity to raise subjects of their own choosing for the questionnaire design, as they are more likely to have a clear understanding of the salient points. However, their interest may also give them preconceived ideas about how they hope people would respond. As a result, they may well include leading questions, and these should be clearly pointed out and addressed in discussion.

Common mistakes

The most common mistake here is in the design of response options. In particular, the options to respond at either extreme are often forgotten or not well handled. Lower achieving pupils also often find it difficult to find faults with data collection sheets or survey questions that they are presented with.

Plenary

Ask for suggested response options for these topics (or others of your own choice):

· how often people use the Internet

· how many days off work/school people have had in the last year.

Look for a sensible range of response options, with no overlaps and the extremes catered for realistically.

Incorporating exercise:
11I

Homework:
11.8


Key words

margin of error
Retail Price Index

National Census
social statistics

Polls
time series

Learning objective(s)

· be introduced to some of the more common social statistics in daily use

Prior knowledge

Pupils need to be able to interpret information from dual bar charts.
Starter

Ask pupils if they know how many people live in Britain. The answer is approximately 60 million.

Discuss how we know this. What is the exact figure? Can the exact figure ever be found?

Mention the National Census and discuss what sort of data this collects (number of people per house, ages, gender, religion, ethnicity, education, and so on), how often it is taken (every 10 years) and if it is compulsory (yes).

Main teaching points

Most statistics that are met on a daily basis in newspapers are ‘social’. For example, percentages of unemployed, increases in the cost of living, changes in prices over time, populations and spending on the NHS.

Discuss each of these and make sure that pupils understand the idea of an index and a base number. Why is it usually 100? Review percentages if necessary, in particular the percentage multiplier.

Talk about time series. In particular, emphasise that the lines joining points represent trends and not actual values, which are generally measured at a specific time each year or month. Examples would be temperature changes, cost of houses and exchange rates.

Differentiation

This is a new topic for many and may be a difficult concept for some pupils. If necessary discuss the questions in the exercise to give pupils some idea of how to do them.

Plenary

Sketch the following graph on the board, which shows a rough distribution of ages in Britain in 1950 and 2000.
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Ask pupils what use such information might be to a government? Explain that the blip is the post war baby boom.

Discuss how an aging population means pension problems and fewer young people means less school places will be needed in 5 years time.

Incorporating exercise:
11J

Homework:
11.9


Example:
11.9
Key words

population
stratified

random
unbiased

sample

Learning objective(s)

· understand different methods of sampling

· collect unbiased reliable data

Prior knowledge

There is no direct prerequisite for studying sampling methods, although clearly this section naturally complements Section 11.7 on surveys.

Starter

Say to the class you are going to do a quick survey on their television-watching habits. Say you will choose five people totally at random. Proceed to pick five girls (or boys) and ask fatuous questions on the previous night’s programmes. At the end, ask the open question, “What was wrong with my sample?” Pupils may argue it was not completely random, but you can argue otherwise! Ask the class how a more appropriate sample might be chosen. Must the sample be exactly half boys and half girls?

In a single-sex class, you could make a point of questioning the five eldest pupils in the class. Age as well as sex is likely to play a part in determining viewing habits, especially if the sample contains a significant age range.

Main teaching points

There are two main types of sampling to be considered: random sampling and stratified sampling.

In a random sample, a sample is chosen on the basis that all members of the population are equally likely to be chosen.

In a stratified sample, the sample is divided into subgroups, or strata. The size of each strata is chosen in such a way that it is in the same proportion as it is in the actual population.

You would choose stratified sampling over pure random sampling if you have some evidence (or a strong intuition) that subgroups may have significant differences in the characteristic you are trying to measure. For example, it is known from an analysis of previous surveys that there is significant difference between the voting intentions of men and women. So if a sample is to be taken to examine people’s voting intentions in the next general election, it makes sense to stratify the sample by sex. Suppose you know that the population as a whole (the electorate in this case) consists, say, of 56% females and 44% males. If the chosen sample is to be 50 people, then you should ensure that 28 of them are female and 22 male. These in turn would be selected randomly.

Plenary

Two other methods of sampling are systematic sampling and attribute sampling. Ask pupils to investigate both of these and suggest possible advantages and disadvantages of each method.

11
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