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Trainer pack

Module 7: Developing the personal maths skills of teachers and assessors
Handling data master class
	Course information
	Length of session: approx. 5hr 30 min, not including lunch or breaks.   
Trainers can customise the session to suit the audiences and settings. 
The session is written to be delivered as one full day, but could equally be delivered as 2 half-days.

	Audience
	Job roles:  Practitioners who are teaching or supporting adult numeracy on functional skills, embedded and discrete programmes, and who wish to improve their understanding and application of number at Level 3.
Sector / setting: any part of the learning and skills sector.


	Links to other modules
	This session forms part of a blended learning programme, aimed at preparing participants for the Level 3 Award in Mathematics for Numeracy Teaching.


Aims

To review and extend participants’ personal mathematics relating to statistics and probability

To apply concepts of statistics and probability to solve problems

Outcomes

By the end of the session participants will have:

· reviewed their understanding of mean, median, mode and range, and their relationship to frequency distributions; 

· examined and understood different measures of spread;
· used grouped frequencies to estimate the mean;
· examined cumulative frequency distributions and their uses;
· used scatter diagrams to investigate correlation, and make projections;
· reviewed key concepts of probability, including combined probabilities;
· calculated probabilities from frequency data; and 
· applied understanding of statistics and probability to solve practical problems.
Session overview
	Activity
	Content



	1
	Progress review, aims and objectives
	Participants to feed back on progress with course and adopt solution-focused approach to challenges. Group discussion of use of data, statistics and probability in private, academic and vocational situations.

	2
	Diagnostic assessment – carousel of activities
	Participants engage in a variety of activities exploring data handling concepts and processes. Through investigation and discussion they build on their awareness of their development needs.

	3
	Frequency distributions
	Participants consolidate their understanding of frequency tables and diagrams, and their relationship to the mean, median, mode and range.

	4
	Introducing dispersion
	Participants compare two distributions, and become aware of the need to consider measures of the spread of a distribution, as well as central tendency.

	5
	Variance and standard deviation
	Exploration of how variance and standard deviation are calculated, and their advantage over other measures of dispersion.

	6
	Grouped and cumulative frequency distributions
	Participants consider grouped data in the form of frequency and cumulative frequency plots, and how the median and interquartile range can be identified from the latter. They then work in small groups to match statements about exam results with frequency graphs, cumulative frequency graphs, and box and whisker plots.

	7 
	Mean of grouped frequency distribution
	Participants consider how the mean of a grouped frequency distribution can be calculated.

	8
	Grouped frequencies with unequal intervals
	A brief exploration of frequency distributions with unequal intervals, and their correct representation as histograms.

	9
	Bivariate analysis
	Participants are introduced to the idea of correlation and scatter diagrams, and work in groups to match scatter diagrams with Pearson correlation coefficients. Brief reference is made to calculating the latter using an MS Excel™ spreadsheet.

	10
	Introducing probability
	Participants review their understanding of basic concepts of probability by arranging a variety of events in order of their probability of occurrence. They then work in small groups to match events with their probability using jigsaw cards.

	11
	Combined probabilities
	Participants consider combined events, and their representations as matrices and tree diagrams. Addition and multiplication rules are introduced, and participants use these to solve a problem involving a train journey.

	12
	Probabilities using relative frequencies
	Links are made between probability and frequency distributions. Participants then work in groups using frequency data to select an appropriate holiday destination. 

	11
	Developmental tasks
	Consolidation and extension work is highlighted, and learners are introduced to the developmental tasks around handling data.

	12
	Plenary and close
	Revisit assessment criteria for Level 3 course.

Revisit aims and objectives.

Check on individual progress.


Trainers

	Trainer experience or qualifications required
	Fully qualified numeracy teacher (Cert Ed / PGCE or equivalent plus numeracy subject specialist qualification); minimum Level 3 mathematics qualification. 

	Reference material for trainers
	Course materials and trainer notes.


Participants
	Prior knowledge and qualifications
	Participants should have a Level 2 maths qualification as a minimum requirement, and some familiarity with basic algebra and trigonometry. 



	Pre-course activity for participants
	All participants should have completed the initial assessment and self-assessment checklist, and have attended the course induction session. Ideally they should bring along their ILP, as it will be reviewed during the session.



Resources

	Resources for reference during the session
	As provided or any suitable alternatives chosen by the trainer.



	Before the session the trainer needs to:
	Prepare all resource materials (resources listed later in this pack and coded R), in line with the teacher notes (TN). Some additional information is shown here. 
Note that PowerPoint slides 4, 6, 8, 11 and 12 are taken from Improving Learning in Mathematics (Session S6): http://tlp.excellencegateway.org.uk/pdf/mat_imp_02.pdf 

Set up PowerPoint. 

TN 1 is a carousel activity, using resources made from R1 – R 4. 

TN 3 makes use of a spreadsheet (SS1), each sheet of which needs to be displayed in turn. Ideally participants will also have mini-whiteboards (one between two participants should be sufficient) to note their responses. It would also be possible to print sheets from the spreadsheets, though formulae would not be visible. Further spreadsheets are used in TN 5 (SS2) and TN 9 (SS3). 
Make cards for TN 6 and TN 9, using R 5 and R 6. 

TN 10 makes use of probability cards. Samples of these are given in R 7 but you may want to make some based on the group – ideas are also given in R 7.  Also in TN 10, you need to cut the triangles in R 8 to make a jigsaw. Part of the activity in this session requires the use of string and pegs (see TN 10 for details).
Two dice are required for TN 11. 

TN 14 ideally requires internet access, to show participants the developmental task for handling data; participants will need to be given the url http://www.excellencegateway.org.uk/node/21207. Alternatively one of the tasks could be printed to show participants. Note that an optional extension to this session suggest that participants can look at a developmental task and discuss it.  

TN 15 would also benefit from internet access, to demonstrate where / how support materials can be found. 

Print the Participant pack, which has all handouts (but not resources or the correct responses). This pack includes PowerPoint slide notes. 




Aims
To review and extend participants’ personal mathematics relating to statistics and probability
To apply concepts of statistics and probability to solve problems
Outcomes

By the end of the session participants will have:

· reviewed their understanding of mean, median, mode and range, and their relationship to frequency distributions; 

· examined and understood different measures of spread;
· used grouped frequencies to estimate the mean;
· examined cumulative frequency distributions and their uses;
· used scatter diagrams to investigate correlation, and make projections;
· reviewed key concepts of probability, including combined probabilities;
· calculated probabilities from frequency data; and 
· applied understanding of statistics and probability to solve practical problems.
Suggested timings are for guidance purposes only. Trainers should adapt the content to reflect the results of initial assessment and to meet the needs and experience levels of the participants.

Session plan
HO – handout     R – resources
   SS – spreadsheet
PPT - PowerPoint
	Time 
	Content
	Resources

	
	
	No.
	Style
	Title

	15m

(Total 15m)
	TN 1. Carousel activities

Purpose of this activity: to encourage participants to begin to think about issues relating to handling data. 

Lay out a carousel of Level 2 handling data activities on tables for participants to examine and try as they arrive:

· R 1: probability true / false cards

· R 2: sampling

· R 3: average exercise

· R 4: statements to evaluate

Encourage participants to work together and discuss the tasks.

Discuss any key points emerging from the activities, and whether participants could adapt them for their own learners. This activity gives you an opportunity to observe participants’ confidence and skills levels. The correct responses are available for R 1, R 3 and R 4 and the trainer needs to determine the appropriate point to use these.
 
	R 1-4
R 1, R 3 and R 4 answer sheets

	Carousel activities
Answer sheets

	Probability true / false cards

Sampling

Average exercise 

Statements to evaluate



	15m

(Total 30m)
	TN 2.  Progress review, aims and objectives
Purpose of this activity: to look at aims and intended outcomes and introduce the session on handling data. 
Ask participants to discuss reflections and issues arising from the previous master class and subsequent tasks. Note down any concerns or queries. Take feedback and discuss.
Outline the aims and intended outcomes for this session (PPT 1-3). Introduce the idea of statistics and ask participants for examples of where they come across (or use) statistics in the daily lives. What is the purpose of statistics?
Emphasise that data handling should be purposeful. This involves collecting and analysing data to answer specific questions, interpreting it and drawing conclusions. In this session, we’ll be focusing particularly on the analysis and interpretation of data, and less on data collection. It is, however, important to realise that sources of error and bias can occur during data collection, e.g. through inappropriate sampling or poorly-designed questionnaires (highlight the carousel activity on sampling – R 2).
Introduce the personal reflection sheet (HO 1), and discuss using this to note down issues at each stage of the session.


	PPT 1-3

HO 1
	Slides

Handout 
	Aims and intended outcomes 
Personal reflection sheet

	15m

(Total 45m)
	TN 3.  Frequency distributions

Purpose of this activity: to introduce the topic of frequency distributions.
(NB This activity makes use of a spreadsheet – SS1 – with four separate sheets. Ideally each set of data would be viewable separately, perhaps on four laptops; alternatively the trainer can make 4 separate spreadsheets in advance.) 
Present SS1, sheet 1 (raw data). Ask group to convert this into a frequency table and sketch a bar chart of the data on their mini-whiteboards. Afterwards, reveal frequency table on SS1 sheet 2 and bar chart on SS1 sheet 3, and check understanding.

Ask the group for explanations of terms mean, median, mode and range. (Note: refer back to carousel activity in TN 1.)
Conceal raw scores (SS1 sheet 1) and bar chart (SS1 sheet 3), and ask participants how they might calculate the mean, median, mode and range by looking only at the frequency table (SS1 sheet 3).  
Hide raw scores (SS1 sheet 1) and frequency table (SS1 sheet 2), and ask same question, referring only to bar chart (SS1 sheet 3).

Reveal mean, median, mode and range (SS1 sheet 4). Check understanding of relationship between frequency distributions, and mean, median, mode and range. 


	SS1

	Spreadsheet

	Sheet 1 Raw data

Sheet 2 Frequency table

Sheet 3 Frequency graph

Sheet 4 Mean, median, mode and range
 

	15m

(Total 1hr)
	TN 4. Introducing dispersion
Purpose of this activity: to introduce the topic of dispersion. 
Display PPT 4, showing results from 2 groups of learners.

Activity: Ask group to discuss in pairs what they can say about the 2 groups from the frequency distributions.

Take feedback and bring out the need to consider measures of spread (dispersion) as well as average (central tendency).  
Review common measures of dispersion (PPT 5), explain the terms if necessary and bringing out the following points:

· Range is the easiest and most basic measure, but what are its limitations? Highlight that only the highest and lowest values are considered, and that no account is made of the values in between. Mention how ‘outliers’ can distort the range. 

· Introduce idea of quartiles and interquartile range; less susceptible to outliers than range, though still based on only 2 values.

· Variance and standard deviations are more sophisticated measures, and will be returned to later.

Use PPT 6 to introduce box and whisker plots – discuss and explain what it shows, drawing attention to the median, range and interquartile range. Note that the PPT notes contain some detail of how the plots are derived. 


	PPT 4
PPT 5
PPT 6
	Slides 

	What’s the difference?

Measures of dispersion

Box and whisker plots

	25m

(Total 1h 25m)
	TN 5. Variance and standard deviation

Purpose of this activity: to look in more detail at variance and standard deviation. 
Point out that interquartile range is still limited, as it still only considers 2 points in the distribution.

Refer back to the 2 groups of students in the last example, and introduce the idea of measuring the distance of each score from the middle of the distribution (i.e. the mean) to get a better idea of the spread of the entire data set.

Use SS2 to demonstrate how the variance and standard deviation is measured for one of the groups of students. 

Activity: Ask participants to calculate these for the second group (but emphasise that they would normally use calculators / computers to do this).

Show standard formulae for standard deviation (PPT 7), and relate to the calculation just performed. Provide HO 2 with full method and use of Excel function.
Discuss the difference between the measures for a sample and for an entire population. Ask which one has just been calculated, and discuss if this is the appropriate version in this context.

	SS2

PPT 7

HO 2


	Spreadsheet

Slide

Handout 
	Standard deviation 
Standard deviation 

Variance and standard deviation

	40m

(Total 2h 5m)
	TN 6. Grouped and cumulative frequency distributions

Purpose of this activity: to look in more detail at the topic of frequency distributions.
Up until now, we have been looking at quite small amounts of data. PPT 8 shows data based on a much larger sample – in this case the marks attained by candidates in an exam, with a maximum mark of 100.

Hold a brief question and answer session about the data:

· What can be said about exam?  Hard or easy? How can you tell?

· What was the range? Mode?

· Do you think mean would be higher or lower?

· Roughly how many sat the exam?

· Could you draw a frequency table?

Now show the data as a grouped frequency distribution (PPT 9). Highlight the group intervals (bins) and class boundaries, and the need to ensure that they do not overlap. (Discuss what class boundaries could be used for continuous data.) Frequency data displayed in this way is known as a histogram.
Show as cumulative frequencies (PPT 10-11), and ask further questions about the data:

· How many scored 50 marks or less?

· If the pass mark was 41, how many people passed?

· Can we say from this what the probability would be of someone passing the exam?

· What would be the probability of someone scoring more than 50 marks?

· We can’t work out an exact mean mark, but how could we estimate the mean mark from the grouped frequencies? 

Demonstrate use of a cumulative frequency curve (PPT 12) to estimate median, quartiles, and interquartile range. Introduce the concepts of percentiles and quintiles.
Activity: Give each pair of participants cards made from R 5, sets A, B, C and D. They should take turns to match the frequency graphs (Set A), the statements (Set B), the cumulative frequency graphs (Set C) and the box and whisker plots (Set D). When they are sure they have a correct combination, they should stick them on a poster and write an explanation of how they know they match. Circulate and ask questions to help participants develop strategies.
Invite participants to come to the front and share what they have learned. Each group can be asked to present its poster and explain how they know that particular cards match.
Extension: Participants who complete this task may like to make some new cards of their own. 
Note that the correct responses are available for this activity, for use at the trainer’s discretion. 

	PPT 8
PPT 9

PPT 10-11
PPT 12
R 5
R 5 answer sheet

	Slide
Slide 
Slides 

Slide 
Resource: card match activity
Answer sheet 
	Frequency diagram

Grouped frequency distribution
Cumulative frequency table

Cumulative frequency graph  
Box and whisker plot
Frequency graphs

Statements  

Cumulative frequency graphs 
Box and whisker plots

	20m

(Total 2h 25m)
	TN 7. Mean of grouped frequency distribution

Purpose of this activity: to look at the mean of grouped frequency tables. 
The previous section involved estimating the median and interquartile range for a grouped frequency distribution. In this section we look at the mean. 
Display PPT 10 again, and ask why there is a problem in calculating the mean (i.e. scores are grouped – don’t know individual scores). Ask the group for suggestions on the way forward, focusing on the need to identify a ‘typical’ value for each grouped score – normally the mid-point.

Activity: Ask participants to work in pairs / small groups to estimate the mean of the exam scores (from the spreadsheets) on this basis. Allow time for working out and then take feedback on the answers, discussing any discrepancies between participants. Discuss why the answer is only an estimate. 

	PPT 10
	Slide 
	Cumulative frequency table



	10m

(Total 2h 35m)
	TN 8. Grouped frequencies with unequal intervals
Purpose of this activity: to explore grouped frequencies with unequal intervals
Display PPT 13 and discuss why this histogram might be misleading.
 Draw attention to the unequal class widths and the impact of this.
Explain that on a histogram, the frequency of data in a particular class interval is actually equal to the area of the bar (not the height). The total area of the histogram is therefore equal to the number of data. Show how histogram should be presented on PPT 14.
Distribute method HO 3 with further details about histograms.

	PPT 13

PPT 14
HO 3
	Slide
Slide 
Handout


	What’s misleading?

Frequencies proportional to area of bars

Histograms

	10m

(Total 2h 45m)
	Summary and reflections of the morning session
Purpose of this activity: to allow participants an opportunity to reflect on the session so far and make plans for any further study; to allow the trainer to check progress.
Summarise the morning’s session, and ask participants to reflect on what they have learnt and what further self-study they need to do; complete HO 1. Remind about distance learning materials – the self-study materials.

	HO 1
	Handout 
	Personal reflection sheet



	
	SUGGESTED LUNCH BREAK
	
	
	

	35m

(Total 3h 20m)
	TN 9. Bivariate analysis

Purpose of this activity: to introduce and explore bivariate analysis. 
Introduce this section of the course by saying that up until now we’ve been focusing on the distribution of only one variable at a time. Now we will look at what is called bivariate analysis – how two variables relate to each other – and particularly the idea of correlation.

Introduce the scenario of 100 people having their height and weight measured, and ask questions to promote discussion about the relationship between height and weight:

· Would you expect the tallest person to be the heaviest? Why / why not?

· Would you expect the shortest person to be the lightest? Why / why not?

· Would you expect to see any correspondence between the height and weight of individuals?

· How could this be shown graphically?

Use PPT 15 to demonstrate a scattergram. Ask who has seen one before and what it is showing.

Introduce the term correlation, and show how a line of best fit can be drawn through the points. Demonstrate how the line of best fit can be used to project other values.
Ask questions to check understanding, e.g. what might the weight of someone 1.6m tall?  

Discuss the limitations of projecting beyond the range of the data available.

Show PPT 16 and discuss the notion of a negative correlation, where there is an inverse relationship between variables.

Explain that there are a number of statistical measures of correlation, though these will not be covered in detail on this course. One common measure is Pearson’s Product-Moment Correlation Coefficient, which measures correlation from -1 to +1. 

Activity: Distribute R 6 card sets. In small groups, ask to match together the scattergrams with Pearson’s correlation coefficients. 

Check answers with other groups and discuss any discrepancies. Circulate the R 6 answer sheet for groups to check and raise any queries.

Although the details of Pearson’s coefficient won’t be covered in this course, mention that there is an Excel function which calculates it (either CORREL or PEARSON, depending on the version).  Demonstrate with the data on SS3.
	PPT 15

PPT 16
R 6
R 6 answer sheet
SS3
	Slide

Slide 
Resource cards
Answer sheet
Spreadsheet 
	Correlation 

Negative correlation
Correlation:

Scattergraphs and
Pearson correlation coefficients 
Correlation – answers 
Correlation data



	30m

(Total 3h 50m)
	TN 10.  Introducing probability
Purpose of this activity: to focus on the topic of probability
Use probability and event cards made from R 7 or based on your group / current events. 

Activity: Fix length of string across the room / along one wall, with cards saying ‘Certain’ at one end and ‘Impossible’ at the other, with ‘Likely’ and ‘Unlikely’ at appropriate intervals between.

Distribute the event cards randomly between participants. Ask the group to discuss each event in turn, and where it should appear on the ‘washing line’, depending on the probability of that event occurring. The person holding the card then pegs the card in the appropriate place.
Afterwards, discuss how did they know where to place the cards? What types of probability were involved? Bring out the difference between theoretical, experimental and subjective probability.
Ask what numbers should be attached to the line to show probabilities – 0 to 1, with 0.5 or ½ in middle. Ask if they can assign numbers to the events shown.

Discuss how theoretical probabilities (e.g. king being drawn from pack of cards) is calculated, and show formula (PPT 17):
P(a) = No. successful outcomes
Total possible outcomes

Discuss also how experimental probability relates to statistical data (e.g. of a medical procedure being successful, insurance premiums, etc).
Activity: Ask participants to work in groups of 2 or 3.  Distribute sets of the triangular jigsaw cards made using R 8 to the group.

Ask participants to discuss the probability statements on the cards and match them to answers on other cards – justifying their answers to each other. The triangles should come together to form a larger triangle.
Check answers against answer sheet (R 8 Answer sheet). Discuss any queries or difficulties.

	R 7
Length of string and clothes pegs.

PPT 17

R 8

R 8

	Probability cards

Slide 
Jigsaw triangles
Answer sheet 
	Probability 

Probability 

Probability jigsaw 

Probability jigsaw - answers

	45m

(Total 4h 35m)
	TN 11. Combined probabilities
Purpose of this activity: to focus on combined probabilities. 
Show PPT 18, and ask the group to say if they agree with the statement about coin tosses. Discuss further and ask how the different outcomes could be shown diagrammatically – ensure that space diagrams (matrix) and tree diagrams are demonstrated. 
Now ask participants to consider 3 coins being tossed. Work in pairs to calculate the probabilities using a tree diagram. Point out that probabilities of all possible outcomes should add to 1.

Finally, produce 2 dice and ask to imagine what total number is likely to come up if the 2 dice are thrown (if time, this could be tested empirically!) – is every number from 1 to 12 equally likely?  Why not?
Ask participants to work in pairs to draw a matrix diagram showing all the possible combinations. Conduct a question and answer sheet around this matrix, for example:

· What is the probability of throwing 7?  What about 3?

· What is the probability of throwing a number greater than 9? Less than 6?

Activity: Ask participants to look at their copy of HO 4: Spinners (a GCSE exam question). Ask to work in pairs to complete questions.

Discuss answers as a group and address any misconceptions arising. The correct answers are in HO 4 Answer sheet. 
For Question 3 raise the concept of only ‘mutually exclusive outcomes’ adding to 1. In this case outcomes are not mutually exclusive.

Provide HO 5 for reference about OR and AND rules, and demonstrate how they apply to the matrices viewed, and also how they might apply to a pack of playing cards, e.g. the probability of drawing king AND another king, compared to drawing a king OR a queen – the former reduces probability, the latter increases the probability; discuss what the probabilities would be in each case. Provide other examples as necessary.
Display PPT 19 on train punctuality data. Ask questions to check understanding of probabilities:

· What is the probability of a train running late? Which ‘rule’ have you used here? (OR / addition rule)

· If I am going on a journey where I need to change trains, what is the probability of either train being cancelled?  Which ‘rule’ have you used here? (OR / addition rule) 

· What is the probability of both trains being cancelled? Which ‘rule’ have you used here? (AND / multiplication rule)

Activity: Provide a copy of HO 6, and ask to work in pairs to solve the problem.  Take feedback and discuss methods used, and use of the addition / multiplication rules. The correct answers are given in HO 6 answers. 

	PPT 18

HO 4
HO 4 answers
HO 5
PPT 19

HO 6
HO 6 answers

	Slide

2 dice

Handout 

Answer sheet 

Handout
Slide

Handout
Answer sheet  
	Combined probabilities 
Spinners exam question

Rules of probability: OR & AND rules

Train punctuality data

Train journey

	35m

(Total 5h 10m)
	TN 12. Probabilities using relative frequencies 

Purpose of this activity: to explore probabilities using relative frequencies. 
Discuss link between statistics and probability – show PPT 20 (earlier grouped frequency of exam results) and ask questions regarding probabilities, for example:

· What is the probability of someone getting a score of 10 or less out of 70?

· What is the probability of someone getting more than 50 out of 70?

· What about more than 30 out of 70?

What sort of probability are we using here – theoretical, experimental or subjective? What about the train punctuality data from the last activity – how was this information obtained?  
Discuss other uses of observed frequencies to predict probabilities (e.g. insurance, medicine, weather forecasting).
Distribute HO 7 and discuss the scenario of choosing an appropriate destination for a winter holiday from the data provided.

Ask participants to discuss the problem in groups of 2 or 3, and decide on an approach. Monitor progress as groups work through the problem. At the end, take feedback on the methods and strategies used, as well as the answer. HO 7 answers has the correct answers.

	PPT 20
HO 7
HO 7 answers
	Slide

Handout
Answer sheet 
	Probability and frequency data 
Holiday planning

	10m

(Total 5h 20m)
	TN 14. Developmental tasks

Purpose of this activity: to introduce the developmental tasks. 
Show developmental tasks for handling data on the website (if access available) http://www.excellencegateway.org.uk/node/21207 and discuss. Ask to attempt 2 of these before the next session and email responses to their tutor.

If there is sufficient time, select one of the developmental tasks and ask participants to start discussing the task in small groups, and what approaches they might use. Take brief feedback on ideas and ask to complete at home.

	Copy of one developmental task
	Course website


	Developmental tasks

	10m

(Total 5h 30m)
	TN 15. Plenary session and close

Summarise the afternoon’s session, and ask participants to reflect further on what they have learned and what further self-study they need to do; complete HO 1. Remind them about consolidation and extension materials (show on website, if access available).

	HO 1


	Handout 
	Personal reflection sheet




Handouts and resources for handling data master class

· Note that the resources need to be prepared by the trainer – see instructions in the teacher notes. 

· The handouts are shown here for the trainer’s information but are included with the Participant pack, along with PowerPoint slide notes. 
· Answers are provided for various resources and handouts and are collected together here for the trainer’s convenience. 

· The spreadsheets are listed below, and are saved separately.
Handouts

HO 1: Handling data reflection sheet 

HO 2: Variance and standard deviation
HO 3: Histograms

HO 4: Spinners exam question
HO 5: Rules of probability

HO 6: Train journey

HO 7: Holiday planning 
Resources 

R 1: Carousel activity: probability true / false cards
R 2: Carousel activity: sampling
R 3: Carousel activity: an average exercise
R 4: Carousel activity: statements to evaluate
R 5: Interpreting frequency graphs and box & whiskers: Card sets A (Frequency graphs); B (Statements); C (Cumulative frequency graphs); D (Box and whisker plots)

R 6: Correlation – scattergraphs and Pearson correlation coefficients 
R 7: Probability 

R 8: Probability jigsaw

Handouts and resources ANSWERS
R 1: Carousel activity: probability true / false cards ANSWERS
R 2: Carousel activity: sampling
R 3: Carousel activity: an average exercise ANSWERS
R 4: Carousel activity: statements to evaluate ANSWERS
R 5: Interpreting frequency graphs and box & whiskers ANSWERS
R 6: Correlation ANSWERS
R 8: Probability jigsaw ANSWERS
HO 4: Spinners exam question ANSWERS
HO 6: Train journey ANSWERS
HO 7: Holiday planning ANSWERS
Spreadsheets

Note that the spreadsheets are saved separately and not included in this pack. 

SS1: Raw data; Frequency table; Frequency graph; Mean, median, mode and range

SS2: Standard deviation 
SS3: Correlation data
HO 1: Handling data reflection sheet

As you go through the different topics and activities during the session, make notes below regarding topics you feel confident about and those that you need to consolidate further.
	Topic / activity
	Reflections

	Carousel activities
	

	Frequency distributions and mean / median /  mode / range
	

	Measures of dispersion (including standard deviation)
	

	Grouped and cumulative frequency distributions
	

	Mean of grouped frequencies
	

	Histograms with unequal intervals
	

	Bivariate analysis (correlation)
	

	Introducing probability
	

	Combined probabilities
	

	Probabilities using relative frequencies
	


HO 2: Variance and standard deviation

The range is a very simple (and crude) measure of spread, as it only takes account of the minimum and maximum values, and ignores other data in the sample.  As such it can be affected by one extreme value in a sample.

Two measures which take account of all the values of a set of data are the variance and the standard deviation. Both these measures are found by calculating the distance of each value from the mean. In both cases, however, the calculations are quite involved, and are easier to achieve on a calculator or spreadsheet.

For the purpose of illustration, the example below illustrates how variance is calculated for the following data set:


8
5
6
9
7

The mean, [image: image3.png]


, is 7:
	[image: image4.png]



	Mean:  [image: image6.png]



	Difference:   [image: image8.png]



	Difference squared:  [image: image10.png](x— %





	8
	7
	+1
	+1

	5
	7
	-2
	+4

	6
	7
	-1
	+1

	9
	7
	+2
	+4

	7
	7
	0
	0
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Look at the values in column (3). The values in this column show the distance of each individual data value from the mean. You might think that the average of all the values in this column is a good measure of the spread. Unfortunately if you try it, you will find that the sum of the values (and therefore the average) is zero. This is because the positive and negative values cancel out:


+1 -2 -1 +2 +0 = 0

In calculating the variance we square each of the values; this ensures that they are all positive. You can see the result in column (4).

We then make the result independent of the number of values used ([image: image14.png]


) by dividing the sum of the values in this column by [image: image16.png]


. As n = 5 (there are 5 numbers), this gives:
variance (s2) 
=
10



 5
=  
2

The standard deviation ([image: image18.png]


) is the square root of the variance.


[image: image20.png]



 = 1.41

Formula for standard deviation:

[image: image21.png]



Microsoft Excel™ functions

There are several useful functions in MS Excel™ that can be used for statistical calculations. The most useful are:


Mean


=AVERAGE(Range of cells)

Median

=MEDIAN(Range of cells) 



Mode


=MODE(Range of cells)


Variance

=VARP(Range of cells)

Standard deviation
=STDEVP(Range of cells)

In each case, for range of cells, highlight the cells containing the data set.

HO 3: Histograms
Histograms are similar to bar charts except that it is the area of each bar which represents the frequency. Histograms can be used for discrete data although they are mostly used for continuous and grouped data.

When drawing histograms it is important that the bars on the horizontal axis should always be drawn at the class boundaries. The height of these bars should be such that the area is proportional to the frequency which it represents.

To make things simple it is helpful if we make the area of each bar equal to the frequency which it represents so that


  

       Class width x height = frequency

and



         height = [image: image23.png]frequency




  

The height of the bars is referred to as the frequency density and the vertical axis of a histogram should be labelled frequency density rather than frequency.
     frequency density  =   [image: image25.png]frequency





Example

The following information shows the distance travelled by 125 cyclists during a particular month. The distance is measured in miles to the nearest mile.
	Distance (miles)
	Frequency

	0-10
	20

	11-20
	38

	21-30
	42

	31-50
	18

	51-100
	6

	101-150
	1


Using frequency density = [image: image27.png]frequency




, we can work out the frequency density for each bar as follows:

	Distance (miles)
	Frequency
	Class width
	Frequency density
	

	0-10
	20
	10.5
	1.90476
	[image: image29.png]


 = 1.90476

	11-20
	38
	10
	3.8
	[image: image31.png]


 = 3.8

	21-30
	42
	10
	4.2
	[image: image33.png]


 = 4.2

	31-50
	18
	20
	0.9
	[image: image35.png]


 = 1.8

	51-100
	6
	50
	0.12
	[image: image37.png]


 = 0.12

	101-150
	1
	50
	0.12
	[image: image39.png]


 = 0.02


Using this information to construct the histogram:
[image: image1.jpg]LSI
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HO 4: Spinners exam question 
Taken from LSIS Improving Learning in Mathematics (Session S7): http://tlp.excellencegateway.org.uk/pdf/mat_imp_02.pdf 

[image: image40.png]Two fair spinners are numbered 1,3, 5 and 2, 4,5 respectively.

Spinner A Spinner B

o

You spin the spinners and add the numbers together.
* Ifthe total is even, Amy wins a prize.

 Ifthe totalis a multiple of 3, Max wins  prize.

 Ifthe totalis 5 or 7, Sam wins a prize.

1. Drawa table to show all the equally likely outcomes:

Spinner A
1 3 5
2
Spinner B 4
5
2. Complete the table below:
Name Probability of winning a prize
1
Amy 3
Max
Sam
Explain what is wrong with the following statement:

“The probability that someone will win
question 2 should add up to 1.”

1. This means that the probabilites in

4. Whatfurther questions can you ask?




HO 5: Rules of probability

1. Addition Rule (‘OR’ rule)

Two or more events are called mutually exclusive if they cannot happen at the same time. For example, when tossing a coin you can get a head or a tail but not both at the same time.

For mutually exclusive events we can apply the addition (‘OR’) rule, which says that: 

p(A or B)    =    p(A)  +  p(B)

 

 

Example: to finish a game, you need to throw a 3 or 6. What is the probability of finishing on the next throw of the dice?

p(3) = 1/6

p(6) = 1/6


p (3 or 6) 
= p(3) + p(6)





= 1/6 + 1/6




= 1/3
2. Multiplication (‘AND’ rule)

Two or more events are said to be independent if one event happening has no effect on the other event happening. For example, when tossing a coin, getting a head on the first throw does not affect getting a head on the second throw so these events are independent.

For independent events we can apply the multiplication (‘AND’) rule, which states that:
Example: what is the probability of tossing a head on a coin and throwing a six on a dice?

p(head) = 1/2   

p(6) = 1/6
p(head and 6) = p(head) x p(6)



 = 1/2 x 1/6


 = 1/12
HO 6: Train journey

You are travelling by train from Nottingham to Leeds, and have to change trains at Sheffield. There is very little time to make the change at Sheffield, so if the train from Nottingham to Sheffield is late, but the train from Sheffield to Leeds is on time, you will miss your connection. 

What is the probability of you missing the connecting train at Sheffield?

Information

Punctuality and cancellation data published by the train company for the last month:
	On-time
	84%

	Up to 15 min. late
	7%

	15-30 min. late
	4%

	More than 30 min. late
	2%

	Cancelled
	3%


 HO 7: Holiday planning

Sally is planning a fortnight’s winter sun holiday next February, and is looking for somewhere warm and dry. She would like somewhere where the temperature is likely to be at least 200C and where rain can be expected on no more than 3 of her 14 days away.

Use the information below to inform Sally of the likelihood of each resort meeting her requirements, and which one she might choose. Make sure you point out any limitations to your calculations.

Average February temperatures (2004-2011)
	Resort
	2004
	2005
	2006
	2007
	2008
	2008
	2010
	2011

	Maria del Mar
	160C
	250C
	210C
	180C
	200C
	170C
	250C
	240C

	Geriatikis
	260C
	190C
	230C
	220C
	250C
	270C
	210C
	230C

	Puerto Paradiso
	220C
	240C
	200C
	170C
	160C
	230C
	210C
	240C

	Tournesol
	180C
	220C
	150C
	220C
	230C
	220C
	220C
	220C


Total number of days rainfall during February (2006-2011)
	Resort
	2006
	2007
	2008
	2008
	2010
	2011

	Maria del Mar
	4
	8
	7
	2
	2
	4

	Geriatikis
	8
	5
	12
	9
	4
	7

	Puerto Paradiso
	9
	5
	4
	7
	3
	8

	Tournesol
	2
	4
	1
	7
	5
	3


R 1: Carousel activity: probability true / false cards
Activity taken from Improving Learning in Mathematics (Session S2), LSIS: http://tlp.excellencegateway.org.uk/pdf/mat_imp_02.pdf 
Ask participants to decide whether each statement below is true or false, and discuss reasons for choices with others. 
R 2: Carousel activity: sampling
Taken from Learning Mathematics in Context, Collecting and interpreting data: Session 1 http://tlp.excellencegateway.org.uk/tlp/xcurricula/lmic/sessions/index.html 
	Two learners are planning a survey among their fellow learners to find out what sort of things people have for breakfast and whether they eat breakfast in the canteen.  

They are feeling ambitious and want to ask 100 learners.

They discuss where they should find their sample of 100 learners. They come up with the possibilities listed on the accompanying sheets.

Discuss each method proposed, and rate it on a traffic light system, using red (bad), yellow (OK) or green (good) sticky spots.

The ratings should be for:

· Ease of collection

· Lack of bias

· Other issues – any other negative or positive that you come up with


	Stand at the main entrance at 08.30 on Monday and ask the first 100 learners who come through the door.
	Ease           Bias           Other

	Ask all the other learners in your group and in nearby rooms during one of your sessions.
	Ease           Bias           Other

	Stand at the entrance at 08.30 each day for a week and ask the first 20 learners you see each day.
	Ease           Bias           Other

	Give every learner in the college a number. Choose 100 numbers at random from a hat and ask those learners to answer the questionnaire.
	Ease           Bias           Other

	Go into 20 classrooms of different subjects during the morning and ask five learners in each classroom.
	Ease           Bias           Other

	Go round during the day asking learners to complete the questionnaire, but first ask learners where they live to make sure that different distances are represented.
	Ease           Bias           Other


	Email a questionnaire to every learner in the college.
	Ease           Bias           Other

	Go to the canteen at lunchtime and ask 50 male and 50 female learners.
	Ease           Bias           Other

	Stand at the entrance at five different times during the day and ask 10 female and 10 male learners each time.
	Ease           Bias           Other

	Wander around college at break time and ask the first 50 female and the first 50 male learners you meet.
	Ease           Bias           Other

	Go around during the day asking learners to complete the questionnaire, but ask them which course they are doing to make sure that every type of course is represented.
	Ease           Bias           Other

	Go to the canteen at 08.30 each day and ask 20 learners.
	Ease           Bias           Other


R 3: Carousel activity: an average exercise
Taken from Learning Mathematics in Context, Collecting and interpreting data: Session 2 http://tlp.excellencegateway.org.uk/tlp/xcurricula/lmic/sessions/index.html 

	Look at the exercise on averages below, which has been completed by a learner.

Go through it and correct all the errors made.

Write comments against each error that would help the learner who completed it to understand the mistakes they have made. 


1.
Find the median of the set of numbers:

2, 5, 7, 8, 9, 12



Answer:
There are 6 numbers so the median is the third which 
is 7.
2.
Find the median of the set of numbers:

4, 7, 8, 8, 9, 12



Answer:
Median is 8.5

3.
Find the median of the set of numbers:

3, 6, 12, 15, 11, 21, 15, 16, 22



Answer:
Median is 11
4.
Find the mean of the set of numbers:

3, 11, 12



Answer: 
Mean is 11
5.
Find the mean of the set of numbers: 

0, 0, 0, 1, 2, 2, 3, 3, 5, 5



Answer:
Mean is 21 ( 7 = 3
6.
Find the mode of the set of numbers:

1, 3, 1, 3, 1, 2, 3, 4, 4, 4, 1, 2



Answer:
Mode is 4
R 4: Carousel activity: statements to evaluate
Are the statements below justified by the data?  

Explain why you think each either is or isn’t justified.


Taken from Resources to support the pilot of functional skills – Teaching and learning functional mathematics (LSIS, 2008), page 37: http://collections.europarchive.org/tna/20101108130848/http:/www.excellencegateway.org.uk/pdf/T%20&%20L%20Maths%20Apr%202009.pdf 
R 5: Interpreting frequency graphs and box & whiskers
See TN 6 for instructions. 

Taken from LSIS Improving Learning in Mathematics (Session S6): http://tlp.excellencegateway.org.uk/pdf/mat_imp_02.pdf 
Card set A: Frequency graphs

Card set B: Statements
Card set C: Cumulative frequency graphs
Card set D: Box and whisker plots
Taken from LSIS Improving Learning in Mathematics (Session S6): http://tlp.excellencegateway.org.uk/pdf/mat_imp_02.pdf 
 R 6: Correlation

See TN 6 for instructions. 

Taken from LSIS Resource pack for Level 3 preparation programmes for entry to numeracy teacher training, page 186: http://archive.excellencegateway.org.uk/page.aspx?o=295881 

Scattergraphs
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Pearson correlation coefficients

	0.91
	0.04

	0.62
	-0.85

	-0.57
	-0.36


R 7: Probability

A set of probability cards is included below. However, you may prefer to prepare your own cards that refer to learners in the group and some that refer to events that are either topical or of particular interest to the learners, for example:

· Kirsty will get her mobile phone out during this session. 

· Hull City will get promotion.
· Mike will keep quiet for 10 minutes.
· Tomorrow’s session will be cancelled.
· Aysha will arrive late to the next session.
Activity taken from Improving Learning in Mathematics (Session S1), LSIS: http://tlp.excellencegateway.org.uk/pdf/mat_imp_02.pdf
Event cards 
	Someone chosen at random from the class is female
	It will rain tomorrow

	Manchester United will win their next match
	Someone in the room will grow a second head

	The sun will rise tomorrow morning
	Drawing an ace from a pack of playing cards

	2 coins are tossed and both land heads
	The next train that you catch will be late










R 8: Probability jigsaw
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Handouts and resources ANSWERS
R 1: Carousel activity: probability true / false cards
ANSWERS

The following statements are TRUE:

· B, H

The following statements are FALSE:

· A, C, D, E, F, G, I, J
R 2: Carousel activity: sampling 



ANSWERS
There are no strictly right or wrong answers for this activity. However, some sampling methods are much easier to carry out than others, for example emailing is easy to do, whereas going into 20 different classrooms is much more time-consuming. 

A possible example of bias is that, by collecting data only at 08.30 at the entrance, learners who arrive later, and so potentially have had more time for breakfast, are excluded from the survey, as are those who have arrived early enough to have time to visit the canteen before their first session of the day. These are important exclusions that relate to the subject of the survey, so the results could be biased. Similarly, only asking people in the canteen could bias the results as they are likely to be there because they are eating breakfast. 

Other issues could include: 

· honesty of response – anonymous responses may be more truthful than having to give a response in front of fellow learners; 

· the possibility of people being asked twice; and 

· how realistic the method is – data protection might prevent some methods from being carried out even though they may be effective. 
Some learners might consider gender to be an important variable. Others might think that mode of transport or distance from college are relevant.
R 3: Carousel activity: an average exercise


ANSWERS
1.
Find the median of the set of numbers:


2, 5, 7, 8, 9, 12



Answer:
There are 6 numbers so the median is the third which 

is 7.

Wrong!  Because there are 6, it is the mid-point between the third and fourth – 7.5

2.
Find the median of the set of numbers:


4, 7, 8, 8, 9, 12



Answer:
Median is 8.5

Correct

3.
Find the median of the set of numbers:


3, 6, 12, 15, 11, 21, 15, 16, 22



Answer:
Median is 11

Wrong!  The numbers need to be in ascending order (11 is out of position)
4.
Find the mean of the set of numbers:


3, 11, 12



Answer: 
Mean is 11



Wrong!  11 is the median!  Mean = (3 + 11 + 12)/3 = 8.67
5.
Find the mean of the set of numbers: 


0, 0, 0, 1, 2, 2, 3, 3, 5, 5



Answer:
Mean is 21 ( 7 = 3

Wrong!  The zeros still count as numbers; so 21 ÷ 10 = 2.1
6.
Find the mode of the set of numbers:


1, 3, 1, 3, 1, 2, 3, 4, 4, 4, 1, 2



Answer:
Mode is 4

Wrong!  There are four 1s, but only three 4s, so the mode is 1
R 4: Carousel activity: statements to evaluate

ANSWERS
Statement 1: True 2 girls did get the highest scores, and a boy the lowest.  However, the mean score for girls (57.0%) is actually slightly lower than for boys (57.6%), so overall there is little difference between the girls and boys.

Statement 2: This depends on your position in the organisation, and your prospects for promotion!  Although the mean is higher for firm A, the median and modal are higher for firm B.  

The mean for company A is distorted by the two high earners at the top. This is also evident in the range of wages for firm A (£55 000), which is much greater than B (£22 000).

R 5: Interpreting frequency graphs and box & whiskers   ANSWERS

	Frequency graph
	Statement
	Cumulative frequency graph
	Box & whisker plot

	A
	This exam was much too difficult for most candidates.
	G
	D

	B
	This was the sort of exam where you could either do everything or you couldn’t get started.
	H
	B

	C
	This exam did not sort out the better-performing candidates from the poorer-performing ones. They all got similar marks.
	B
	A

	D
	In this exam, the median and the modal marks were the same.  There was a very wide range of marks.
	F
	G

	E
	Two groups of candidates sat the exam. One group had studied the work for two years. The other group had only just begun.
	C
	E

	F
	In this exam, the mean mark was greater than the modal mark.
	E
	H

	G
	In this exam, the mean mark was smaller than the modal mark.
	D
	F

	H
	This exam resulted in a huge spread of marks. Everyone could do something but nobody could do it all.
	A
	C


R 6: Correlation 






ANSWERS

	Data
	Pearson’s correlation coefficient

	Age of car and stopping distance
	0.91

	IQ and hair length
	0.04

	Height and weight
	0.62

	Age of car and market value
	-0.85

	Price of water and distance from attraction
	-0.77

	IQ and TV
	-0.36


Taken from LSIS Resource pack for Level 3 preparation programmes for entry to numeracy teacher training, page 189: http://archive.excellencegateway.org.uk/page.aspx?o=295881 

R 8: Probability jigsaw 





ANSWERS



HO 4: Spinners exam question 




ANSWERS

1.


	
	
	Spinner A

	
	
	1
	3
	5

	Spinner B
	2
	3
	5
	7

	
	4
	5
	7
	9

	
	5
	6
	8
	10


2.


	Name
	Probability of winning a prize

	Amy
	1/3

	Max
	1/3

	Sam
	4/9


3.
The probabilities are not mutually exclusive, e.g. for a total of 6, both Amy and Max win.
HO 6: Train journey






ANSWERS

	
	
	Train from Sheffield to Leeds

	
	
	On-time

(84%)
	Up to 15m late

(7%)
	15-30m late

(4%)
	More than 30 min late

(2%)
	Cancelled

(3%)

	Train from Nottingham to Sheffield
	On-time

(84%)
	70.56%
	5.88%
	3.36%
	1.68%
	2.52%

	
	Up to 15m late  (7%)
	5.88%
	0.49%
	0.28%
	0.12%
	0.21%

	
	15-30m late

(4%)
	3.36%
	0.28%
	0.16%
	0.08%
	0.12%

	
	More than 30 min late  (2%)
	1.68%
	0.12%
	0.08%
	0.04%
	0.06%

	
	Cancelled

(3%)
	2.52%
	0.21%
	0.12%
	0.06%
	0.09%


The combinations of events in the shaded boxes will mean missing the connection at Sheffield (including the connection being cancelled).

So probability of missing the connection = 17.3%
HO 7: Holiday planning





ANSWERS
Average February temperatures (2004-2011)
	Resort
	2004
	2005
	2006
	2007
	2008
	2008
	2010
	2011
	Prob. >20oC

	Maria del Mar
	160C
	250C
	210C
	180C
	200C
	170C
	250C
	240C
	62.5%

	Geriatikis
	260C
	190C
	230C
	220C
	250C
	270C
	210C
	230C
	87.5%

	Puerto Paradiso
	220C
	240C
	200C
	170C
	160C
	230C
	210C
	240C
	75%

	Tournesol
	180C
	220C
	150C
	220C
	230C
	220C
	220C
	220C
	75%


Total number of days rainfall during February (2006-2011)
	Resort
	2006
	2007
	2008
	2008
	2010
	2011
	Prob <4 days rain

	Maria del Mar
	4
	8
	7
	2
	2
	4
	33%

	Geriatikis
	8
	5
	12
	9
	4
	7
	0%

	Puerto Paradiso
	9
	5
	4
	7
	3
	8
	16.7%

	Tournesol
	2
	4
	1
	7
	5
	3
	50%


So all resorts have a good chance of the temperatures being 20oC or higher, but there is less chance of avoiding rain for less than 4 days!

If it is assumed that the probability of temperatures being 20oC or higher & the probability of fewer than 4 days rain are independent, then the probability of each resort meeting Sally’s requirements is:

Maria del Mar
= 62.5% x 33%
= 20.6%

Geriatikis

= 87.5% x 0%
= 0%

Puerto Paradiso
= 75% x 16.7%
= 12.5%

Tournesol

= 75% x 50%

= 37.5%

So Tournesol would seem to be the best choice – though chances are it still won’t meet Sally’s requirements!

Another way of calculating the probabilities would be to assume there is a link between rainfall & temperature (i.e. the probabilities are dependent), and calculate the number of years from 2006 to 2011 that met both Sally’s requirements:

Maria del Mar
= 2/6

= 33.3%

Geriatikis

= 0/6

= 0%

Puerto Paradiso
= 1/6

= 16.7%

Tournesol

= 2/6

= 33.3%

By this measure, Maris del Mar and Tournesol have the same probability of meeting Sally’s requirements.
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p(A and B)    =    p(A) x p(B)
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