Year nine Statistics
Teachers resources

Misleading graphs
Question one
[image:  ]The title makes this misleading as it leads the reader into just looking at the fact the salaries are increasing overall and not letting the reader make their own decision.  It does not tell you if it is an average or just for one person 
[image:  ]


Title is the same as the previous graph.  They are using the same data.  The scale for salaries is different.
Question Two


Question two:  Look at the graphs below and explain all the things that makes them misleading
[image: http://mathrocks.thebernas.net/IntMath3/DataAnalysis/Data_images/compar_causes_death.gif]Smoking is not a cause of death, it can lead to problems that can result in death but it not a cause in itself.  It should have been split into things such as cancer and lung issues.



[image: http://mathrocks.thebernas.net/IntMath3/DataAnalysis/Data_images/shrinking_doctor.JPG]Because the doctors have to be in proportion, any height increase also includes an increase in the width.  This means that if you double the height of a doctor it ends up being for times bigger than the orginal.  Also the doctors have not been lined up so they start at the same height.  This makes the doctor at the back look smaller than he actually is.

[image: http://www.coolschool.ca/lor/AMA11/unit1/U01L02/ma03043.gif]
There is no scale or axis.  The 3d boxes have the same effect as the doctors.  The bigger the box the more volume it makes, making it look bigger than it actually is.



[image: http://gator.gasd.k12.pa.us/~smcgrail/myweb/powerpoint/misleading_graphs/ma03045.gif]
The sizes of the animals are not the same, even though they represent the same amount of people.  It looks like there are more people that like horses even though it has the same as fish and cats have the most.


[image: http://mathrocks.thebernas.net/IntMath3/DataAnalysis/Data_images/fuel_economy.JPG]The scale on the side of the road is not in proportion.  The 3d effect has the same effect as the doctors.  It would have been better in a bar graph with a proper scale.






Booklet answers
You will be given a sample of some data which shows some information about 240 Year 9 students at a Wellington school.  You will be asked to answer a question about the students at the Wellington school[image: ]

Questions
1. What does sample mean in the sentence above? 
A selection of the population
2. Why do you think that we are looking at a sample of 40 instead of the whole of Year 9 at the school or in the whole of New Zealand? 
It may be too impractical to deal with all the data, for example; it would be too time consuming, iIt may be too costly to deal with all the data provided.  Other answers allowed
3. How do you think the school was chosen?
It was chosen at random

4. Do all Year 9 students in the school have an equal chance of being chosen to be in the sample? Why/why not? 
Yes all students have an equal chance of being chosen because they will be picked at random and only have one data card each.
5. Do you think the data cards represent all Year 9 students in New Zealand?  Why/why not?  
No they do not represent all of the Year nine students in New Zealand, only the Year Nines at this school
6. Do you think that we will be about to say something about all the students in Year 9 at the Wellington school just from the results we get from our sample?  Why/Why not?
We will be able to get an idea of what the whole of Year 9 is like, the results will be close.  However the results we get for typical values will not be exactly what the population typical results may be. In order to be able to say something about the population the sample must not be too small.  In this case we have about 20 data pieces so it will give us a fair idea.
7. What do we call the method when we ask all the members of Year 9 student’s information about themselves?
A survey of the whole population called a census, it is where every member of the population are questioned.
Now look at the data. There are five pieces of information about each person on each data card.
Questions
1. What questions do you think was asked when collecting the data? 
What is your gender? What is your Year? What is your age? What is your wrist circumference? What is your neck circumference?
2. What do you think Survey question means?  
A survey question is a question that is asked in order to obtain some data

3. What do you thing Investigative question means?  How is this different to a survey question? 
An investigative question uses the data to gain a picture of what is happening in the population.  Survey – to get the data, investigative – once you have the data
4. What questions could you ask about the data cards?  Write down two investigative questions that could be asked of this sample of data cards about the whole of the school.  Start the sentence with I wonder……. 
Our class question that we are going to investigate is 
Your own class question – typical question will be – Is there a relationship between the circumference of students wrists and the circumference of their necks? 

Answer these
1. Who would be interested in the outcome of this investigation? 
Many ideas, one could be - The school uniform would be for ordering jumpers, tops, etc
2. What would be the purpose of the results? 
Many ideas, one could be - The purpose would be so that the uniform shop makes sure the jumpers are of the correct proportions

Now that the question has been posed it is important to get down the key information about the data.

Write down this information 
1. Where did the data come from? 
The highschool in Wellington
2. How many students are in the sample? 
20/40
3. How was the sample taken? 
The students were randomly chosen
4. Is this sample a good representation of the population?  Why/why not? 
Yes it is a good representation as every Year 9 student of the school had an equal chance of being selected in the sample
5. What is a random sample? 
A random sample is where each student is given a number and that number is chosen at random

6. What is a variable? 
A variable is a measurement that likely to change between students
7. What variables are we going to focus on to answer our question? 
Neck and wrist circumference measurements
8. What type of graph(s) are we going to use to display our data? 
Scattergraph
9. What will be we be looking for in the graph(s)? 
If there is a general trend in the data – that is – in general as the wrist measurements increase in size so do the neck circumferences. Looking for groups and outliers 
10. What do you expect to see in the graph? 
The wrist measurements increase in size and so do the neck circumferences.
Write down the definitions of these words that we use in Statistics
	Word
	Definition

	Outlier
	A data piece that sits outside the general trend

	Compare
	To look at two or more groups and note anything the same or different between the groups

	Spread
	How far apart the data pieces are

	Distribution
	The overall look of the data

	Data
	The measurements and information collected from the population

	Investigate
	To look at the data and make some conclusions about what is happening

	Analysis
	Drawing graphs and using mean, mode, range, median 

	Predict
	To make a call for values that lie beyond the trend

	Justify
	To back up our conclusions with the numbers we gathered

	Frequency
	How many of each type

	Mode
	Most common value

	Median
	When all the numbers are lined up from smallest to largest, it is the middle number

	Growing Scatterplots

	Before the problem is created some background information is needed about the data that is available.  This is activity is useful for the first time scatterplots are introduced to students.  

This activity uses six different sets of data cards.  Each set of data cards contains a sample of 40 Year 9 students selected at random from the Census at School database in 2005.


	
	Teacher activity/ dialogue
	Possible student outcome/dialogue

	Problem
[image: icon-problem]
	Hand out the pre-prepared data card sets.  Tell the students only that each set is a sample of 40 Year 9 students from the 2005 Census at School database.

Get the students to look at the cards and make notes about what they notice.  Split them up by colour.  

[bookmark: _GoBack]Explain that each data card is for one person and gives 5 pieces of information about that person.  What do you think the pieces of information are?
Draw an outline of the data card on the board and collate ideas.








Complete the outline as the variables are ascertained by the class.

Discuss the variables with the class. What was the survey question that was asked in the Census at School questionnaire for each of the variables?

# gender - 1. Are you: male/female
#circumwrist – What is your wrist circumference? (cm)
#circumneck – What is your neck circumference? (cm)
#year - What year level are you?
# age - 2. How old are you?


Discussion on sample and population.  It is worthwhile now having a discussion about the sample of cards they have in front of them.  Ask the students to describe what they think the cards represent.



Need to distinguish at this point that we want to use the sample to make decisions about the population.





Brainstorm some investigative questions that could be asked of these samples of data cards about the population.
At this stage accept all questions that are suggested.  If the students appear to be suggesting just one type of question, eg comparison only, encourage them to come up with summary and relationship type questions.  It would be useful to categorise the questions into the three different types.


Refining the investigative questions
It maybe that you might want to explore some of the summary or comparison questions that have been raised by the students.  However, this activity is focusing on relationship questions.

At this point we want to take the relationship investigative question that was (possibly) posed.
I wonder if wrist size and neck size are related.

We want to make sure the population we are interested in (ie that our sample came from) is reflected in the investigative question.  This is the population about which we want to make inferences.


Questioning the investigative question(s)
Can this question be answered by the data you have?  Is there sufficient data?
Who would be interested in the outcome of this investigation?
What would be the purpose of the results?


	




Students should notice:
That the gender is there, boy/girls
That there are numbers on the cards, , 
cards have mostly 2 digit numbers across the middle
That the bottom part of the card has two numbers in it

Hopefully the students will: 
-come up with at least the gender
-see that the wrist/neck values, one is twice the other
-guess what the two variables at the bottom might be by the fact that they are repeated on many cards, and 9 is on all of them

wrist/neck card
gender top
wrist circ. left, neck circ. right
year level/age bottom



Survey question: question that was asked to get the data



Investigative question: question that is asked of the data




It is possible that some students will think that they are all from the same class? Probably not with 40, but maybe all from the same school… challenge this notion, 40 students from a total of 33,000.  Is it likely that they will even know one another??

What is the population that the sample came from.  It is the 2005 Census at School database which contains 33,000 Year 5-10 students from all over New Zealand.  Question: does this database represent all Year 5-10 students in New Zealand?



Wrist/neck – I wonder …
· If boys tend to have bigger necks than girls,
· What the typical wrist size is for a year 9 student,
· If wrist size and neck size are related
















I wonder if there is a relationship between wrist circumference and neck circumference of Year 9 boys and girls in the 2005 NZ Census at School database?


	Plan
[image: icon-plan]
	Once the investigative question is posed and is suitable it is important to get down the key information about the data. This can include but is not limited to:
· Where the data came from
· How many students are in the sample and how the sample was selected
· Gender, age, year level, ethnicity, location as appropriate
· Is this sample a good representation of the population or not 
· random sample what is it
· What variables are going to be focused on and what survey questions were asked to collect the data.

What type of graph(s) will be used to display the data?  What are you looking for in these graphs? What do you expect to see?




	These data are from the 2005 NZ Census at School database.  40 Year 9 students were selected using the random sampler.  As the sample is random all Year 9 students had an equal chance of being selected. Students are a mixture of boys and girls.  The investigative question focuses on neck and wrist circumference. The survey questions asked to get these data were#circumwrist – What is your wrist circumference? (cm)
#circumneck – What is your neck circumference? (cm)



Will use a scatterplot to look for a relationship.  Expect to see some sort of relationship, think as your wrist gets bigger expect neck to too.

	Data

[image: icon-data]
	Data cards are given to groups of students.  It maybe that you can use different coloured paper and sort the sets so that boys are one colour and girls are another (for example – to bring in a third variable). 

Get the students to look through the cards, checking for any unusual values.  Students need to decide if these values are “realistic” or “unrealistic”.  Discussion on why/why not and whether they should be kept for the analysis. 
 
The data needs to be cleaned.  Reference Level 5.

Students need to think about what values might be appropriate for the different variables (neck and wrist).  They can have a look at their cards and discuss any they think are not suitable.  It maybe that they need to make these measurements of themselves to see how they really work.

	




Typical examples of incorrect values – wrist and neck circumference are interesting, anything below 10 cm for wrist is pretty small, get students to check their own and find this out, also neck is roughly double the wrist, this maybe clear from just looking through, some of these will be picked up once the data is graphed.

	
Analysis
[image: icon-analysis]



	Next stage is to develop the graph.  

Get the students to sort the data cards using the wrist data.  They could build a dot plot below the x axis.  

[image: DSC_5014]From here grow the scatterplot, move the card from the wrist position to the neck position.
[image: DSC_5015] 
Hope that the students realise as they get higher wrists, they have to move further up, also get to see that for any given wrist there are a number of different neck circumferences, leading to the idea that when making predictions there isn’t one right value.

	

This picture shows the data cards with the wrist values sorted below the x axis.  Cards in the bottom left are those that are not realistic so have been left out of the analysis.













This picture shows the data cards placed in position.  There is a group of cards at the bottom that were unrealistic.  Students should write about which cards they didn’t use and why.

When I made the dot plot of wrist circumferences I didn’t include five cards because the values of the wrists were too small. They were 3.5, 5.5, 5.7,6 and 6.  When I made the scatterplot I excluded another four cards.  15/10 and 16.5/12 as the neck was smaller than the wrist, 20/0 as there was no neck measurement and 15/20 as that just didn’t seem realistic.  I had noticed that neck was about double the wrist.

	
	[image: DSC_5017]Get the students to place a piece of string to show the pattern of the data.

	This picture shows the pattern of the data placed on top.  

Data cards can be glued to the graph and the graphs placed on the wall.  In addition the pattern can be sellotaped onto the graph.

Remember that there are six different samples so there will be slightly different pictures of the data.

	
	Assuming this is possibly the first time students have really been focused on relationship questions get them to write down things they noticed as they created their graphs. They should note down their ideas.

You may like to use two further pieces of string to indicate the spread.  

Get the students to walk around and look at other graphs that other students have made.  Get them to compare and contrast the other graphs with their graph.

	Things they might notice include:
· That the smaller the neck the smaller the wrist circumference
· That there are lots of wrist and neck sizes the same 
· Some of the data cards were “invalid” indicating incorrect measurements
· That the data cards seem to follow a pattern.


	Conclusion

[image: icon-conclusion]
	These data suggest that there appears to be a relationship between wrist and neck circumference.  There is an upward pattern in the plot, which means that people with bigger wrists tend to have bigger necks.  The relationship is quite strong as this pattern is quite clear.  Neck circumference appears to be twice the wrist circumference.

	

	Reflection
	What is the difference between the investigative question and the survey question?

What were the benefits of growing the scatterplot?  Do you think you need to do this more times for the students to get a good picture/idea of the relationship idea that a scatterplot shows?
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