Statistics Day 2011 Lindsay Smith University of Auckland

Sequence of Learning Experiences towards AS 2.9
	Key idea
	Starter
	Student
	Teacher

	Introduction to making an inference
	Use a topical example in the media to introduce the idea of sampling: eg campbell live, nzherald, facebook
	Contribute to discussion
	Leads discussion
How well do the views expressed reflect the views of all NZers? Why not?
How could we gather views of all NZers? Census, but this is time consuming and expensive (NB some countries are considering doing away with the census because of high (10%) non-response.) 
We take a sample (eg blood sample)

	Sampling methods
	How can a teacher select a group of students from a class list in ordrer to check completion of and understanding of homework?








Why take a sample?






















How could the sample be improved?
	Given a roll of students in a class, students consider how 5 students could be selected to have their homework checked.





Using the class list take a simple random sample and/ or systematic sample of sample size 5.





Consider various scenarios and discuss bias, that is 


















Small group discussion, feedback to class.


	Formalize the methods the come up with:
Names in a hat = random (this is the method used on census at school)
Every fifth student on the list = systematic
Group of friends = cluster
For co-ed = stratified

Formalize use of random numbers to take a simple random sample
Formalize taking a systematic sample (order of population must be random)

Purpose of taking a sample
· To make an estimate of what is going on back in the population
Reasons for sampling
· include time and cost considerations, lack of access to the entire population and the nature of the data collection or test, for example, blood test does not require all blood to be taken, testing breaking strain of fishing line destroys the line.
Features of a good sample, one that represents 
· it is representative of the population
· the sample size is sufficiently large; if a sample is too small, it is more likely to be unusual and less likely to be representative. 
· there is no statistical requirement that a sample be a proportion of the population; a well designed sampling process is more likely to produce a representative sample than a large sample poorly selected
· randomly chosen: each member of the population has the same chance of being included in the sample  

Sample could be improved by:
· stratified sampling, checking that the sample is representative of known groups in the population, eg gender, voting preference, income, age
· increasing sample size (to be dealt with later)

	Using a sample to make a point estimate
	As part of a survey into self image, in order to compare students’ actual weight with their ideal weight, Stage 1 statistics students at AU were asked their weight. What is the average weight of Stage 1 Statistics students? 
	Using the simple random sample of Stage 1 Stats students supplied, simulate surveying the students by personal interview by taking a sample of 15 students.


Plot dot and box plots on pre-prepared axes, of weights, noting 5 point summary.


Contribute ideas to discussion.


Use sample use median to provide a point estimate of the population parameter. Feedback to class, using statement such as “From my sample data I estimate that the median weight for all Stage 1 statistics students is ____”

	NB Students should check that they do not sample the same student more than once.

Using the median avoids the effect of unusually large or small values. 

Display plots on the wall and ask “What do you notice?”
What do you notice about our plots?
· samples are all different
· all centred (clustered) about the same values
·  mostly skewed to the right
· medians fall within a band, an interval (draw this on)

How can we use our sample to predict what is going on back in the population? The sample median is our best idea of the population median. 

But they are all different! Who is right? 
The process of taking a sample and using the median of the sample to predict the population median will never produce the exact value of the population median. This is called sampling error, the difference between the sample median and the true value back in the population.
Our next activity will investigate whether increasing the ample size will help with this problem.

	Sampling variability: Effect of sample size
	What happens if we increase the sample size?
	Provided with simple random sample of size 30 from Stage 1 data in pairs plot dot and box plots on pre-prepared axes.
Note the 5 number summary. Feedback results to the whole class, in a sentence including the words estimate, parameter, population, median, data, sample.

Display plots on classroom wall for future reference


Activity sheet 
Distribution of the sample medians for different sized samples (15, 30, 60)
 
	Write the words estimate, parameter, population, median, data, sample on the whiteboard.
Collect plots and display on the wall. 
Referring to display of class results, lead discussion comparing the two sets of box plots with n = 15 and n=30. 
· Note less variability in the medians: increasing sample size improves estimate. Draw in the interval for the sample medians.
· Note less variability in the inter-quartile range
· Note that estimates vary, even with larger sample size, and that it would be better to provide a range of possible values for the parameter, based on our estimate, rather than stating one value.
Note that increasing the sample size increases the cost of the survey. As long as the sampling method is sound there is very little benefit in increasing the sample size above 35. We would get little extra useful information. 
Data show:
http://www.censusatschool.org.nz/2009/informal-inference/WPRH/
continuous variable, one population, for different sized samples

	Sampling variability: 
– effect of spread of population

	An intermediate school wants to purchase new furniture for their students, based on the median height of students in years 7 and 8. A teacher takes a sample of 30 intermediate students from Census at School to make an estimate of the population median.

A middle school wants to purchase new furniture for their students, based on the median height of middle school students in years 7 to 10. A teacher takes a sample of 30 middle school students from Census at School. 
	Participate in whole class discussion

Activity Sheet 
Sampling variability: effect of spread in population


Small group discussion. Feedback ideas.

Write summary.


	 Introduce the scenario. Lead discussion.
Which teacher is likely to get a better estimate of the students height

Summary
Note that an increase in the spread back in the population, for a given sized sample, will produce more variability in the median. As the spread increases we can be less certain about the population median. As the spread increases the range of the sample medians increases.

We can cope with the uncertainty of predicting the population median by giving a possible range of values, an interval within which the population parameter probably lies.  
What will this range of values depend on?
Could we predict this interval? What might it depend on? 


	Introduction to  formula for the informal confidence interval for the median 
	Suppose we had 200 people taking each taking a sample of 15 Stage 1 students and recording their medians on a dot plot. What would the plot look like?

What would the plot look like if the sample size was 30? What about 60?

If we are to predict a range of values for our parameter, rather than a single value, what will this range of values depend on?





What measure of spread can we use?






What would a formula look like? 













Does your interval contain the population parameter? How many of the intervals we have calculated contain the true population median?








What is the weight of schoolbags carried by Year 12 males?

	On axes on board, students add dots.


Observe variability in the medians using Fathom if available and/or

Activity sheet: Collections of medians














I









If time students could use this formula to predict median weight of Stage 1 stats students and not that the range of values does not include the population median very often.





Use the formula to onstruct interval for population median based on own sample(s) of size 15 and 30
Plot on box plots in red.
Report back whether their interval includes the median weight of all Stage 1 students, 63Kg.
Compare the plots for the class. 


Based on data viewer on Census at School experience sampling variation on data show or on computer, selecting I am a Level 2 student
http://www.censusatschool.org.nz/2010/data-viewer/
or on retinal image simulation (under construction for year 12)
http://www.censusatschool.org.nz/2009/informal-inference/WPRH/

	Draw axes on board. Adding dots encourages buy in from students. 








Recall previous ideas: that the range of possible values we give will depend on 
· Sample size n
Note that as sample size increases from 15 to 60, times 4, the range of possible values of the media n decreases to half the size (there is an inverse relationship based on square root: discuss further?)

We know also that the range of possible values of the median depends on
· spread of the data, variation within the sample

Our best measure of spread is given by using the IQR of the sample as an estimate of the IQR of the population (which we do not know), more consistent than the range which is affected by outliers.      
So the formula for the range of values is shaping up to look like this 
· it is inversely proportional to sample size 
· depends on the variation within the sample. 

population median = sample median ± measure of spread 
                                                                            √sample size
    
The formula will also depend on how certain we want to be that we can predict the population median. Suppose the teachers in the previous scenario want to be 90% certain that they predict the true median height of their students. This formula has been found to work by taking a large number of samples when we know the population median 
Population median = sample median ± 1.5 IQR / √n 

Display the box plots. Lead discussion comparing the two sets noting:
· The confidence intervals are narrower for a larger sample size.
· Simulation shows that the interval includes the true population median for 9 out of 10 samples - the population median is probably in the interval somewhere


Demonstrate using data show.


	Making a claim based on informal confidence intervals for the median, comparing two populations. 
	Do students who have a facebook account tend to have newer cellphones than those who do not?  



Is the average schoolbag weight carried by boys as they start secondary school more than the average weight carried by boys as they start intermediate school?

	Experience working through the PPDAC cycle using data viewer on census at school:
http://www.censusatschool.org.nz/2010/data-viewer/
Write a conclusion on Activity sheet 
Making an inference about two populations 

Experience working through the PPDAC cycle using data viewer on census at school:
http://www.censusatschool.org.nz/2010/data-viewer/
Write a conclusion on Activity sheet 
Making an inference about two populations
	On data show, or with pre prepared handout, how shall we interpret the plot?
· Red intervals gives plausible (likely) values for each population median
· If the red intervals do not overlap we have sufficient evidence to claim that a difference exists back in the populations.
· If the red intervals overlap we cannot say which group values are bigger back in the populations. The shift may even be the other way round to what is shown in the box plot. 


	Applying the PPDAC cycle to make an inference about two populations.
	Is the average length of time Year 11 girls have had their cell phones longer than the average length of time Year 11 boys have had their cell phones?
	
Using the PPDAC cycle template, make notes as teacher uses census at school data viewer or other resource.

Carry out own investigation using ICT or Stage 1 data.
	 See separate sheet. Focus on
· Using correct terminology
· Calculating the CIs for the population parameters
· Interpreting the CIs
· Discussing sampling variation
· Applying the context to the findings.
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