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Plan for today

Session 1: 

1-1 Starter activity - PPDAC cycle

1-2 Context analysis

1-3 Interrogating secondary datasets

Session 2: 

2-1 Samples and sampling variability

2-2 Visualising and describing data

2-3 Answering the investigative question

2-4 Wrap up



Materials

Teacher workbook 

● Outline of activities
● Links to all the online activities
● Links to other resources
● Key research findings 

Link provides you with a copy to save and add 
your own ideas into. 

Workbook: Sample to population inference  

https://docs.google.com/document/d/1nvarNr0oaVtGgrbr-VOUVbcg9DLq7gcgSVoKL6CyX00/copy


1-1 Starter activity



1-1 Starter activity

Introduce yourselves, appoint a recorder

PPDAC cycle - page 2 of workbook

Work on the scenario in your breakout room - all have the same theme of bullying

Think about and record how you use the PPDAC cycle for the scenario

● Rooms 1, 4, 7 etc (divide by 3 rem 1) will work with scenario 1
● Rooms 2, 4, 8 etc (divide by 3 rem 2) will work with scenario 2
● Rooms 3, 6, 9 etc (divisible by 3) will work with scenario 3



Names: type your group members  names here 
Scenario:  In preparation for Bullying-Free week (in May) the PE and Health 
department have decided to have Bullying-Free as a theme for their current year 10 
unit.  They have invited the mathematics and statistics department to work with the 
same year 10 students to undertake a statistical enquiry into bullying at their school 
and report their results to the school board of trustees.
Students will need to collect data to do this statistical enquiry
 

INSTRUCTIONS
● Introduce yourselves & appoint a recorder
● Add your group names to the box on the left
● Drag the PPDAC cycle cards to reflect how the PPDAC 

cycle might be used for your scenario given.  
● Using the text boxes, describe what is happening in 

each phase of your PPDAC cycle

Drag this Text box into position 
Overtype to  add your description of 
what is happening at this stage of the 
PPDAC cycle for this scenario

Drag this Text box into position 
Overtype to  add your description of 
what is happening at this stage of the 
PPDAC cycle for this scenario

Drag this Text box into position 
Overtype to  add your description of 
what is happening at this stage of the 
PPDAC cycle for this scenario

Drag this Text box into position 
Overtype to  add your description of 
what is happening at this stage of the 
PPDAC cycle for this scenario

Drag this Text box into position 
Overtype to  add your description of 
what is happening at this stage of the 
PPDAC cycle for this scenario

Drag this Text box into position 
Overtype to  add your description of 
what is happening at this stage of the 
PPDAC cycle for this scenario

We are..



1-1 Wrap up 

Students may collect, be given or source data to answer an investigative question. The 
investigative question might come first, or it might evolve through a process of sourcing 
suitable data to explore a topic of interest. 



1-2 Context analysis

Working with primary data 



http://new.censusatschool.org.nz/resource/data-detective-poster/ and 
http://new.censusatschool.org.nz/resource/te-tuhuratanga-tauanga-he-toa-tuhura-koe/

http://new.censusatschool.org.nz/resource/data-detective-poster/
http://new.censusatschool.org.nz/resource/te-tuhuratanga-tauanga-he-toa-tuhura-koe/


From inkling to plan (Wild & Pfannkuch, 1999, p. 228)



Context Analysis tool
To undertake context analysis using this 

tool:

● Identify the broad area or topic of 

interest.  

● Provide suggested starter headings, 

these can be added to and/or 

changed. People and environment are 

given as two possible factors to 

explore 

● Add other headings to the diagram 

that consider contributing factors for 

the area of interest.  

● With the main headings in place, 

brainstorm ideas and add to the 

diagram making links where possible. 

Created by Pip Arnold and Chris Wild
In the process of writing a book about statistical investigations (Arnold, Trinick, & Pfannkuch, in press).



Modelling the use of this tool 

The teacher 

● asks the students what 
things they wonder 
about bullying in school 

● uses the context 
analysis tool to capture 
student thoughts about 
the topic, adding 
contributing factors 
(main headings) to the 
diagram.

● records student ideas 
under appropriate 
factor



Another view: Bullying



Context Analysis tool

● Alcohol & Smoking

● Climate change

● Healthy lifestyle

● Natural resources

● Rubbish & pollution

● Our own Topic

Created by Pip Arnold and Chris Wild
In the process of writing a book about statistical investigations (Arnold, Trinick, & Pfannkuch, in press).



Breakout rooms
1. Introduce yourselves to your group members 
2. Links are page 3 in the workbook
3. Appoint a recorder to complete this table
4. Working together start thinking about people and environment 

then  consider other factors 
[replace the headings Factor A,B,C with your groups chosen 
headings as they come to light]

5. Brainstorm ideas classifying ideas into columns as you go



From inkling to plan (Wild & Pfannkuch, 1999, p. 228)

The investigative question



1-2 Wrap up

Students should get to experience collecting data, using the context analysis diagram can 
support this being a richer experience for students. 

From the context analysis diagram, ideas become broad questions, which are fine tuned to 
become precise questions - investigative questions. The investigative question drives the rest 
of the cycle. 



1-3 Secondary datasets

PLAN/DATA



The statistical enquiry cycle for provided datasets (adapted from Arnold, 2013, p.22)



Shuttling backwards and forwards through the statistical enquiry cycle when starting with an overall problem, 
sourcing data and then fine tuning the investigative question(s) (Arnold, Trinick, & Pfannkuch, in press)



From the planning tool

Created by Pip Arnold and Chris Wild
In the process of writing a book about statistical investigations (Arnold, Trinick, & Pfannkuch, in press).



Page 4 in workbook



About the dataset:Climate change

Interrogative questions Our responses

Was the data collected using an observational study or an 
experiment (from CL5)? (1. Method)

Observational

Who was the data collected from? (2. “Who”) NZ students

Who collected the data? (1. Method) Census at school

When was the data collected? (1. Method) Vague - 2007-2015

Where was the data collected? (1. Method) NZ Census at School online survey

What was the purpose for collecting the data? (Initial 
investigator’s problem/purpose)

Opinion on current local and global issues from students

1/3



About variables (3. What and how)

State the variable Variable name Variable name Variable name

What was the data 
collection or survey 
question asked to 
collect the data? 

Slide scale - Region in NZ How important in global warming to you? Year level

How was the variable 
measured?

Provinces/Region Slide scale School year level

What are the units, if 
any, for the variable?

N/A rating Year level

What are the possible 
outcomes for the 
variable?

Region Names -100 to 100 5-13

What type of data is 
it? Categorical or 
numerical?

Categorical numerical Discrete numerical

Write your names here: 

2/3



Our proposed investigation about the population

Our inklings/wonderings about the variable we  are planning to explore are:

We think that region will affect ideas about climate change eg NI vs SI. 

Our comparison investigative question is: 

I wonder if the importance of Global Warming tends to be greater in Canterbury than in 

Auckland  for students in New Zealand.

We think the data might show: 

That the south island is more concerned with global warming as it is a more rural 

environment and nearer to Antarctic which is greatly affected by the global warming 

impact.

3/3



Our proposed investigation about the population

Our comparison investigative question is: 

I wonder if the importance of Global Warming tends to be greater in 

Canterbury than in Auckland for students in New Zealand.

3/3

Check the investigative question for the variable 
(Criteria 1) and the group/population (Criteria 2) 
and the remaining criteria:

● Is the question purposeful or interesting?  
(Criteria 5)

● Is the question about the whole 
group/population? Check that the 
question is not just finding out about an 
individual or smaller group. (Criteria 6)

● Is the question one that we can collect 
data for/ or we have the data for 
(sourced/given)?  (Criteria 4) 

● Is it clear that the question is a 
summary/comparison/relationship/time 
series question? (Criteria 3)

CRITERIA

1. The variable(s) of interest is/are clear and available or can be collected

2. The group (CL1-4) or population (CL5 onwards) of interest is clear

3. The intent is clear (e.g. summary, comparison, relationship, time series)

4. The investigative question can be answered with the data (e.g. sample size 
sufficient, question is specific, data can be collected, ethics)

5. The investigative question is one that is worth investigating, that it is 
interesting, that there is a purpose

6. The investigative question allows for analysis to be made of the whole 
group



1-3 Wrap up

In year 11 students need to be taking more control of finding the data for statistical 
investigations. 

While some caution is needed, especially if they are needing to explore a comparison situation 
about a population, students need to understand that just finding a dataset, without the 
background story, is not sufficient. 

Interrogating the dataset to understand the who, what, where, why and how is a key part of 
statistical enquiry, it is also a key part of statistical literacy.



2-1 “Who” to measure

The whole group or a sample?



Observational studies

Curriculum level 1-4

Summary, comparison and relationship situations

● Whole group

Curriculum level 5-6

Summary and comparison situations

● Whole group 
● Use a representative sample to answer the 

investigative question about a population

Relationship situations

● Whole group



Samples from populations

There are a number of reasons why we would use a sample rather than the whole population including:

● it is expensive to take a census (survey all of the population)

● if the whole population is not accessible e.g. doing a biological test on slaters in a particular region

● if using the whole population could be destructive e.g. the breaking strain of steel cables

● when the population is homogeneous e.g. blood type testing for an individual, taste testing wine 

from a vat 

● we are only given a sample to work with

● the technology we are using cannot cope with huge datasets so we have to work with a sample.
(Arnold, Trinick, & Pfannkuch, in press)



Sample size - numerical variables

In our planning we define the population and describe the sample we want, including the 

sample size. At curriculum level 5 we work with representative samples of about 30 for a 

summary situation and representative samples of about 30 for each group for comparison 

situations. The two samples can be different sizes for comparison situations. 

From curriculum level 6 we start to look at sample size and how that impacts on any calls 

we might make. Representative samples of about 100 can be used. 



Representative samples

It is usually not possible to make generalizations to a 
larger group of people unless the subjects for the study 

are representative of the larger group.  The only way 
to collect a sample that is representative is to collect 

the objects we study at random. 
(Gould, Ryan, & Wong, 2017, p. 45)



Building conceptions of populations and samples
@CL5 - year 10, page 5 in workbook

Karekare College: building conceptions of 

populations and samples 

https://new.censusatschool.org.nz/resource/karekare-students-building-conceptions-of-populations-and-samples/
https://new.censusatschool.org.nz/resource/karekare-students-building-conceptions-of-populations-and-samples/


Sampling variability 

Sampling variability is the variation in a sample statistic from 
sample to sample. 



Developing the concept of sampling variability

The students are trying to answer an investigative question about popliteal lengths of the Karekare College 
population and were making a dot plot using data cards to answer the investigative question.  The students got 
to a point of saturation where they felt that additional data did not change the main signals they were getting 
about the variable and the shape was remaining relatively constant. 

To draw attention to sampling variability the students were asked to walk around the class and observe other 
groups' graphs. They were asked to see how the graph that they had made with their sample from the 
Karekare College population was the same and how it was different to the graphs other groups had made. 

All of the groups gave an indication of where they felt the middle of their popliteal length data was, and across 
the class the middle popliteal lengths for the different groups lay within a 3–4 cm band. The students were able 
to see that the middle popliteal length was similar even though the samples were different (Arnold, 2013). They 
also noticed that the shape of the distributions was similar, symmetric and unimodal. 



Sampling variability with box plots

@CL5 Ten samples of 30 from Karekare College for popliteal length, using suggested colouring scheme to 
highlight median (blue), middle 50% (red), whiskers (black) (Arnold, Trinick, & Pfannkuch, in press)



Animations
@CL6 exploring different sample sizes

WPRH - Sampling Variation 

Animations 

https://www.stat.auckland.ac.nz/~wild/WPRH/
https://www.stat.auckland.ac.nz/~wild/WPRH/


Enduring ideas

● A big enough representative sample can be used to tell us about a population.

● There is variability in sample statistics from sample to sample (@CL5)

● A sample provides an estimate for population parameters (@CL5)

● Variability in sample statistics between samples reduces as the sample size increases 

(@CL6)



Resources for teaching and learning

Additional teaching and learning activities are on CensusAtSchool.

Statistical Investigations Part 2  

https://new.censusatschool.org.nz/resource/statistical-investigations-part-2/


2-2 Visualising and describing 
data



Using CODAP to make data visualisations

● Page 6 in the workbook

● Watch the video to find out what to do



Arnold, P. (2013, p. 217)



2-3 Answering the 
investigative question



DRAWING 
CONCLUSIONS & 
ANSWERING THE 

INVESTIGATIVE 
QUESTION

And the big ideas that 

lead to this



MAKING THE 
CALL…
Page 8 workbook

• When students make a claim (call) from the 
comparison of two box plots they need to: 
1. know what relevant aspects to notice from what 

they can actually see in the plots 
2. draw on relevant sampling variability 

knowledge from what they have experienced
3. invoke contextual knowledge. 







● We want students to 
UNDERSTAND why they are 
drawing this conclusion in this 
way.



DEVELOPING 
UNDERSTANDING 
DEVELOPING 
AROUND SAMPLING 
VARIABILITY…

… and what it means about making sample-to-population 

inferences



STUDENTS SHOULD 
EXPERIENCE THESE 
CONCEPTS MULTIPLE 
TIMES

Statistical inference is the art and science of drawing conclusions 
about a population on the basis of observing only a small subset 
of that population. Statistical inference always involves 
uncertainty, so an important component of this science is 
measuring our uncertainty.  

(Gould, Ryan, & Wang, 2017, p.327)



LEVEL 5 LEARNING EXPERIENCES
CONSISTENCY (OR NOT) IN REPEATED SAMPLES

Consistent message from all the samples
🡪 The samples are far enough apart to 
see the signal

Inconsistent message from all the samples
🡪 The samples are too close together to 
see the signal



LEVEL 6 LEARNING EXPERIENCES
SAMPLE SIZE IMPACTS SAMPLING VARIABILITY

n=15
� There is a lot of 

variability from sample 
to sample

n=400
� There is very little 

variability from sample 
to sample



BY HAND…
REPEATED SAMPLING 🡪 MEDIANS AND CHANGING SAMPLE 
SIZE



CONCLUSION… Variable 
(units) Number of pairs of 

shoes owned
Groups Commerce degree n = 

29
Introduction course n = 
32

Population 1st year Auckland uni 
students

• When students make a claim (call) from the 
comparison of two box plots they need to: 
1. know what relevant aspects to notice from what 

they can actually see in the plots 
2. draw on relevant sampling variability 

knowledge from what they have experienced
3. invoke contextual knowledge. 



CONCLUSION… Variable 
(units) Number of pairs of 

shoes owned
Groups Commerce degree n = 

29
Introduction course n = 
32

Population 1st year Auckland uni 
students

• When students make a claim (call) from the 
comparison of two box plots they need to: 
1. know what relevant aspects to notice from what 

they can actually see in the plots 
2. draw on relevant sampling variability 

knowledge from what they have experienced
3. invoke contextual knowledge. 



CONCLUSION…
Variable 
(units) Self-rating of dancing 

ability 
(score from -100 to 100)

Groups Auckland (n=100)
Canterbury (n=100)

Population(
s) School students from 

Auckland and school 
students from 
Canterbury

• When students make a claim 
(call) from the comparison of two 
box plots they need to: 
1. know what relevant aspects to 

notice from what they can 
actually see in the plots 

2. draw on relevant sampling 
variability knowledge from what 
they have experienced

3. invoke contextual knowledge. 



2-4 Exploring worlds

Sample to population inference



Knowledge about the world

Existing 
knowledge about 

the world.
Problem of 

interest arises. 

Undertake a statistical enquiry to 
address the problem of interest.

New knowledge 
about the world 

informed by 
statistical enquiry.



Concept 
development

Arnold, P. (2013). Statistical Investigative 
Questions – An Enquiry into Posing and 
Answering Investigative Questions from 
Existing Data, (Doctoral thesis), 

Retrieved from 
https://researchspace.auckland.ac.nz/handle/2
292/21305 

https://researchspace.auckland.ac.nz/handle/2292/21305
https://researchspace.auckland.ac.nz/handle/2292/21305


Purposeful



Connect



Reflect
Jamboard 

● One question I still have

● Something I can’t wait to try out with my students

● One thing I want to share with someone at school

● Other thoughts



He pai ake te iti i te kore
A little is better than none



Thank you
● To the team

Robyn Headifen, Zac Rutledge, Michelle Dalrymple, Sophie Wright, Rachael Ouwejan, Marina McFarland, Lucy 

Edmonds, Maxine Pfannkuch, Mark Hooper

● To Cashmere Maths & Stats Faculty - guinea pigs last week

● To you and the great work you do to make a difference for students

● Anna Fergusson and Emma Lehrke for the planning behind the scenes

● AMA for the work they do to support teachers in Auckland and across Aotearoa New Zealand



Some data

What caused the spike?


