Transforming Data                    
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[image: image17.emf]Juan and his family have run a successful farm in California, U.S.A. for many years.  Now, to earn extra money, they have decided to try planting Australian Jarrah trees on some land which is not being used.  Jarrah is a hard wood which can be made into beautiful furniture.

Juan has researched the growth rate of Jarrah trees so that he can tell how long it will be before he can expect to harvest the timber.  He thinks that it may be his children who benefit from his work.

The data he found is shown below.  It was recorded by a botanist in Western Australia. Juan’s problem is that the mean and standard deviation are given in units of centimetres (cm) rather than the feet and inches that Juan and his family are familiar with.  Unfortunately he doesn’t have the original measurements to work with.

	Years

since planted
	Mean

height (cm)
	Standard

deviation (cm)

	5
	995
	135

	10
	1890
	245

	15
	2660
	190

	20
	3290
	155


Juan looked up an old maths textbook and found that the conversion from inches to centimetres was:

1 inch = 2.54 cm
Skill check – Can you convert as needed?

Convert: [image: image1.png]Funct






(a)  3 inches to cm.



(b)  5 feet 11 inches to cm








       Hint:  Convert to inches first.


__________________________

__________________________


(c)  300 cm to inches



(d)  2.5 metres to feet and inches.








       Hint:  1 metre = 100 cm.


__________________________

__________________________

Juan wondered if he could convert the means and standard deviations from the table on the previous page from centimetres to inches as easily as he could actual measurements.

[image: image18.emf]Your task is to find out for him.

Through this sheet you will be investigating the effect of multiplying 

and adding on the mean and standard deviation.
[image: image19.emf]We will begin by working out the mean and standard deviation for a simple set of data.  Once we have this starting point, we will investigate the effects on the mean and standard deviation of transforming the data by multiplying, dividing, adding and subtracting.
PRIME steps press APP   STATS VAR1

[image: image2.png]7S
37
a1
513
6 (7.9
707
8 o
9 1.
2.




  

1.
Using your calculator, find the mean and standard deviation for data set A below.  Round the standard deviation to 1 decimal place.

A = { 0,   
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Mean (A):  ___________
Standard Deviation (A): ___________ (to 1 dec. place)
2.
Multiply each data value from set A by 2 and record the results as a new set B in the space below.  Calculate the new mean and standard deviation.


B = { ____,   ____,   ____,   ____,   ____,   ____,   ____,   ____,   ____,   ____ }


Mean (B):  ___________
Standard Deviation (B): ___________ (to 1 dec. place)
3.
Add 7 to each data value from set A (not set B!) and record the results as a new set C in the space below.  Calculate the new mean and standard deviation.


C = { ____,   ____,   ____,   ____,   ____,   ____,   ____,   ____,   ____,   ____ }


Mean (C):  ___________
Standard Deviation (C): ___________ (to 1 dec. place)
4.
Divide each data value from set A by 10 and record the results as a new set D in the space below.  Calculate the new mean and standard deviation.


D = { ____,   ____,   ____,   ____,   ____,   ____,   ____,   ____,   ____,   ____ }


Mean (D):  ___________
Standard Deviation (D): ___________ (to 2 dec. places)
5.
Subtract 1.5 from each data value from set A and record the results as a new set E in the space below.  Calculate the new mean and standard deviation.


E = { ____,   ____,   ____,   ____,   ____,   ____,   ____,   ____,   ____,   ____ }


Mean (E):  ___________
Standard Deviation (E): ___________ (to 1 dec. place)
6.
Record your results from questions 1 to 5 in the summary table below.  The values for A are given so that you can check your accuracy.

	Data

Set
	Operation

Performed
	Mean
	Standard

Deviation

	A


	original

data set:
	
	

	B


	Set 
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7.
Explain, in your own words, the connection between the operation 


performed (x and +) and the mean of the new data set produced.

ie.  When the whole set of data is multiplied by a constant, then the

mean.......








8.
Explain, in your own words, the connection between the operation performed and the standard deviation of the new data set produced. Check with your teacher or the students around you to ensure that you are on the right track.






Hopefully you have now developed a model which seems to explain what happens to the mean and the standard deviation when the data set is changed by multiplying or adding (or dividing or subtracting).  



The next step is to test your model very carefully to ensure that it works in all conditions.

9.
Many models fail because they work only for whole numbers.  Check your model by transforming data set A using a decimal value of your choice (ie 7.4 or 132.76).


First predict the result you should find, then check that you are correct.  


Multiply by:
____________


Predicted mean:
_____________
Actual:
_____________


Predicted standard deviation:
_____________
Actual:
_____________


Add:
____________


Predicted mean:
_____________
Actual:
_____________


Predicted standard deviation:
_____________
Actual:
_____________

Write your conclusions on the next page.....

Conclusion – did you need to modify the model in any way?



10.
You must also ensure that your model correctly accounts for the behaviour of negative numbers.  Check your model by transforming data set A using a negative value of your choice.


Predict the result you should find, then check that you are correct.  


Multiply by:
____________


Predicted mean:
_____________
Actual:
_____________


Predicted standard deviation:
_____________
Actual:
_____________


Add:
____________


Predicted mean:
_____________
Actual:
_____________


Predicted standard deviation:
_____________
Actual:
_____________

Conclusion – what is your final model?







Finishing the job.....
The last job which you must complete in this investigation is to return to Juan’s original problem and apply your new knowledge to it.

	Years

since planted
	Mean

height

(inches)
	Standard

deviation (inches)

	5
	
	

	10
	
	

	15
	
	

	20
	
	



Juan knows that the trees can be harvested when they reach a height of 18 m.  The graph below shows the mean height as the centre line and a band on either side which has a width of 1 standard deviation.  The large majority of trees can be expected to fall within the banding.  

Use the graph to estimate the 

range of years within which Juan 

can expect to harvest his trees.

My estimate:   ___________________ years


Developing a deeper understanding...
Why does multiplying affect both the mean and the standard deviation, while adding only affects the mean?  Let’s examine a set of data using a dot frequency graph.  

The diagram shows the mean (marked with a pointer) and the range.
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Now let’s transform the data by adding 10 to all scores....
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Finally, we will transform the data by doubling all scores....
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These are the values to which you will compare  all the others.  Check them with your teacher to ensure that they are correct!





If you are unable to find a connection, see your teacher for a hint...








Remember... the aim in this section is to try to make your model fail!  That way you can modify it and so make it stronger.





To save time, we will check only for multiplication and addition.





HINT: Check this one very  carefully!





Complete your investigation of his problem by filling in Juan’s table with  all measurements converted to inches.





The data is moved as a whole block.  The spread is not affected by this...





... but the mean moves with the data.





Although the range is not the same as the standard deviation it is a measure of spread and behaves in a similar fashion.





The mean is also doubled with the data...





The data is stretched by the doubling.  The spread is affected by this.





Note!
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