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Lesson Element
LDS – Investigating bicycle use in England and Wales (repeated sampling)
Instructions and answers for teachers
These instructions cover the student activity section which can be found on page 5. This Lesson Element supports OCR AS and A Level Mathematics A.

When distributing the activity section to the students either as a printed copy or as a Word file you will need to remove the teacher instructions section.
Introduction

Resources for ‘Using the Large Data Set (LDS)’

The large data set (LDS) is a pre-released set or sets of data that should be used as teaching material throughout the AS and A Level Mathematics course. This data set is available on the OCR website, under ‘Assessment Materials’.

The purpose of the LDS is that learners experience working with real data in the classroom and explore this data using appropriate technology. It is principally intended to enrich the teaching and learning of statistics, through which learners will become familiar with the context and main features of the data.

This resource can be used to embed the OCR large data set (LDS) in the teaching and learning of statistics in the new Maths AS/A Level.
Please note that this version of the resource is currently being trialled by teachers in the classroom. It is intended that any feedback provided will inform the revising and improvement of this resource. If you would like to provide feedback click on ‘Like’ or ‘Dislike’ and when the email template pops up please add your comments.

	Resource overview
	Using the large data set to take increasingly large samples to estimate the percentage of workers who travel by bicycle.



	Activities covered
	Repeated sampling activity which builds up spreadsheet skills and prompts discussion about variability in samples.




Rationale

Learners will investigate how increasing the size of a sample impacts the sampling error. Initially they will use the LDS to randomly select a small number of local authorities. They will calculate the percentage of workers who travel by bike. Learners will compare their percentage with peers with a similar size sample. Learners will then take samples of increasing size, comparing the sample mean with the population mean. 

This activity covers all aspects of 2.01 Statistical Sampling.

Assumed knowledge

Learners should be familiar with the concept of a random sample and the terms population and sample. Some familiarity with a spreadsheet would be useful, but hints are given for those using Microsoft Excel.

Teacher notes

Start the session by explaining that we are investigating bicycle use in England and Wales. You could show a news story such as the example below that shows that 23 million bike journeys were made in London in 2014:

http://www.bbc.co.uk/news/uk-england-london-33002701
You will need to explain to learners that we will pretend that we don’t have access to the LDS, but instead we will have to conduct an expensive survey to see how common it is for workers to cycle to work.

We won’t be able to do this survey in every local authority because it is so expensive, instead, we will take a sample to reduce our costs. Of course, learners won’t actually do this survey; they’ll simulate it by looking up bicycle use in the LDS. 
This scenario mimics the situation in many statistical situations; we have to make predictions about an unknown population parameter based on a sample.

The following tasks are ICT based, so learners will need access to spreadsheet software in order to complete the tasks.

Task 1: creating a sampling frame

In task 1, learners will add an ID number to the ‘Method of Travel by LA 2011’ worksheet. This ID number will be used in the remaining tasks to look up bicycle use for randomly chosen local authorities.

Task 2: taking a small sample

In this task, learners will conduct a random sample of 5 local authorities. In Excel they can press F9 to choose a new sample.

Task 3: comparing our sample with others
Learners will calculate some summary statistics for their sample. At this point, bring the group back together and compare their samples.

Task 4: increasing the sample size

In this task, learners will create a large sample of 50 local authorities. They will calculate the sample mean for smaller subsamples, thus simulating a sample of 1, another of 2, another of 3, etc.

Task 5: predicting the population mean from the sample

Learners will make a prediction about the average percentage of bicycle use in England and Wales. They will then check this prediction against the true population mean of 2.7% in the LDS.

Extensions

Once learners have compared their predicted mean to the population mean, they could consider alternative methods of sampling that may be more representative. For example, they could stratify by region, or order by population size and take a systematic sample (thus likely giving a spread of big cities and rural areas).
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Lesson Element

LDS - Investigating bicycle use in England and Wales (repeated sampling)
Student Activity
Task 1: Creating a sampling frame

We need to start by creating a sampling frame: a numbered list of local authorities that we will sample from. We’ll be using the ‘Method of Travel by LA 2011’ worksheet. 

1. Add a new column on the very left of the table. This will move ‘geography code’ to become column B.
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In this column, number the local authorities from 1 down to 348. You can probably do this most quickly using Excel’s ‘fill handle’ that allows you to drag down after you’ve typed in the first couple of numbers.
You now have a sampling frame. We will be able to choose a local authority by generating a random number from 1 to 348.

Task 2: Taking a small sample

We are going to take a sample of five local authorities. We will do this by choosing five random numbers, then looking up how many people cycle in the matching local authority.

1. Add a new worksheet and label the tab ‘Sample’. Each row in this table will hold data for one of the local authorities in our sample.

2. In column A, use an appropriate formula (see hints later) to generate random numbers between 1 and 348 in five rows.

3. In column B, use the VLOOKUP formula to look up in the sampling frame how many workers use a bicycle in the local authority with that row’s random number.

4. In column C, use the VLOOKUP formula to look up in the sampling frame the total number of workers in the local authority with that row’s random number.
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In column D, calculate the percentage of workers who use a bicycle in that row’s local authority. You may wish to format this as a percentage.
Every time you press F9 you will get a new random sample. 
Task 3: Comparing our sample with others
Under your sample, calculate some statistics that summarise your sample. In the example below, we’ve worked out the range and the mean. The hints later may help you do this.

[image: image1.png]VW N oW N e

A 8 c [
id bicycle population % bicycle
41 1051 S8 18%
57 5819 158757 37%
15 665 42922 15%
41 1051 S8 18%
95 2640  M599  5.9%

mean 29%
range 4.0%




Press F9 a few times to generate some different samples. How much do the mean and range differ between samples? How do they compare with other people doing this activity?

Task 4: Increasing the sample size

It is useful to look at increasingly large samples, so we will set up a ‘repeated sampling’ worksheet. As the percentage of people travelling by bicycle will be used in the calculations, it would be easier if this was calculated for every data value in the ‘Method of Travel by LA 2011’ worksheet.

1. At the right hand side of the table, add a new column to hold ‘% bicycle’.

2. Enter an appropriate formula in row 2 to calculate the percentage of workers travelling by bicycle.
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You may wish to format this as a percentage.

4. Use Excel’s ‘fill handle’ to copy this formula down to all 348 local authorities.

Next we will take a sample of 50 local authorities:

1. Add a new worksheet and label the tab ‘Repeated sample’.

2. In column A, number the rows from 1 to 50.

3. In column B, use an appropriate formula (see hints later) to generate random numbers between 1 and 348 in the first 50 rows.

4. In column C, use the VLOOKUP function to find the % of the population in that row’s local authority that use a bicycle.

5. You may wish to format this column so that data appears as a percentage.

6. Use Excel’s ‘fill handle’ to drag this down so the first 50 rows of column C hold your sample of 50 local authorities. To ensure the referencing of the sampling frame is absolute, insert $ notation in your formula before using the ‘fill handle’.
To simulate samples of 2, 3, 4, …, 50:

1. Add titles so column A is ‘n’, B is ‘id’, column C is ‘sample’ and column D is ‘average’.

2. In cell D2, enter the formula =AVERAGE(C$2:C2). 

3. Use Excel’s ‘fill handle’ to drag this down to all 50 rows.

If you look at the formula in cell D10, you should find it says =AVERAGE(C$2:C10). This finds the average of the first 9 entries in the sample, so simulates a sample of 9.
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In the example above, a sample of five local authorities had an average bicycle use of 1.7%. The larger sample of nine local authorities had an average bicycle use of 2.2%. We call this percentage the sample mean.
Task 5: Predicting the population mean from the sample

Look at your sample of increasing size. In many cases, you should find that as more local authorities are included, the sample mean ‘settles down’. It is likely that the sample mean is closer to the mean of the population the more local authorities you include in your sample.

Press F9 a few times. The sample mean will probably change slightly, but it should be possible to make a reasonable prediction about the population mean.

When you have made a prediction, go to the ‘Method of Travel by LA 2011’ worksheet.

1. Find the mean of the column you added in task 4. You might do this using a formula, but if you select the column, Excel will usually display the mean at the bottom of the Excel window.

How close was your prediction?
Excel hints: some formulae that may be useful

	Random Number
	=RANDBETWEEN(1,60)
	returns a random integer between 1 and 60 



	Lookup
	=VLOOKUP(lookup_value, table_array, col_index_number, [range_lookup])
	=VLOOKUP(value you want to look up, range where you want to look up the value, the column number in the range containing the return value, Exact Match or Approximate Match – FALSE or TRUE)



	
	=VLOOKUP(B2, ‘Method of Travel by LA 2011’!A2:J300, 5, FALSE)
	B2 contains the value you want to look up in column A of the worksheet ‘Method of Travel by LA 2011’, (because that was the first column you told it to look in from your stated range of A2:J300). It then returns the corresponding value located in column E (because E is the 5th column). FALSE specifies that the value looked up is an exact match.


	Maximum
	=MAX(K3:K9)
	returns the maximum number from cells K3, K4, K5, K6, K7, K8 and K9 



	Minimum
	=MIN(J4:J7)


	returns the minimum number from cells J4, J5, J6 and J7 



	Mean
	=AVERAGE(F2:F4)
	calculates the mean value of F2, F3 and F4
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If you do not currently offer this OCR qualification but would like to do so, please complete the Expression of Interest Form which can be found here: �HYPERLINK "http://www.ocr.org.uk/expression-of-interest"��www.ocr.org.uk/expression-of-interest�


Looking for a resource? There is now a quick and easy search tool to help find free resources for your qualification: ��HYPERLINK "http://www.ocr.org.uk/i-want-to/find-resources/"�www.ocr.org.uk/i-want-to/find-resources/
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