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_________________________________________________________________________________________





   Aim:	To understand how a mean and standard deviation 		are calculated and in particular how the standard 			deviation measures spread .


�



�
 :  What's on the screen 


 


	5 numbers are given. 





	The mean, variance and standard deviation


 	have been calculated.





	The steps in the calculations are shown.


 





     &    You need to know 


           the mean  =  Sx / n	     Here  n = 5 .


           variance   =  S(x - mean)2 / n


           standard deviation  = square root of the variance














�



	What to do:





	1.    Look at the 5 numbers  in the data column, and the mean. Follow through 


	       the calculations in the other columns seeing where each number comes from.





	2.    Change one of the 5 numbers; make it much smaller or larger. 


	       Watch the effect on the mean and standard deviation.





	3.    Enter 5 small integers. Is the sum of the deviations from the mean always 0 ?


	       Can all the deviations from the mean be  positive ? 


	       Can you make all but 1 positive ?


	       What happens if you now make each of the original integers negative ?





	4.    Using the numbers from 0 to 99, how small and how large can you make


	       the standard deviation ?


	       Can you find more than one set of numbers with each of these values ?





	5.    Can you make the standard deviation larger than the mean (as well as


	       smaller) ?





	6.    Enter any 5 numbers.  Note the mean and standard deviation.


	       Add 10 to each number.  What happens to the mean and standard deviation ?


	       Experiment with numbers other than 10. 


	       Is there a general rule about what happens to the mean and standard deviation


	       when a constant is added to the figures ?





	7.    Again, starting with any 5 numbers, multiply each one by 10.


	       What happens to the values of the mean and standard deviation ?


	       Is there a general rule about what happens when multiplying by a constant ?





_________________________________________________________________________________


Further challenges :





	1.	Find 5 numbers so that their standard deviation is an integer.


		Hint : start with small integer values, make 4 numbers the same 


		and vary the 5th.





	2.	Can you create a distribution with a given standard deviation?


		eg  Can you find 5 numbers with a standard deviation of 10 ?





	3.	Starting with a given mean and standard deviation, can you now 


		find 5 numbers with these statistics ?   eg  Can you find 5 			numbers with a mean of 30 and standard deviation of 12 ?





	4.	Is it true that the standard deviation is always larger than the 			mean of the absolute deviations ? 


		How large is the difference between the two ?





	5.	It is said that for roughly symmetrical distributions the standard 		deviation is approximately 1.25 times the mean of the absolute 		deviations.     Experiment with your 5 numbers to test this theory.





	Use the spare spreadsheet for the following :





	6.	Create two sets of numbers with the same standard deviation, but 		different means.  Make one mean much larger than the other.


		How would you describe the 'spread' of these two sets of


		numbers ?





		The Coefficient of Variation calculates the standard deviation as a 		percentage of the mean, which can be useful when comparing 		data with different orders of magnitude. Calculate the Coefficient 		of Variation for your two sets of numbers.








	7.	Create two distributions with the same  means but different 			standard deviations.  What happens to the standard deviation 			when you amalgamate the two ?





	8.	Chebyshev's Rule states that the proportion of observations 


		within k standard deviations of the mean is at least   1 - ( 1/k2 ).


		Test this rule by experimenting with different sets of numbers.





_________________________________________________________________________________________
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   Aim:	To understand what the mean and median each 			measure and the difference between them.


�



�
 :  What's on the screen


 	A frequency distribution is given showing 


	students' examination  marks .


 	They are displayed as a histogram.


 	Also marked are the mean and the median.





      &    You need to know 


	            what is meant by :


	            the mean, the median, the mode


	            an outlier








�









       What to do:








                    1.    By changing the frequencies create a distribution where the mean


                           and median coincide.


                           Where is the mode ?





                    2.    Do this again, but find a different shape for your distribution.


                           Where is the mode now ?





                    3.    Find a distribution with the median to the left of the mean.


                           What is its shape ?





                    4.    Now put the median as far to the right of the mean as is possible.


                           What is the shape of this distribution ?





                   5.    Create any distribution. Experiment with it to find whether the mean 


                          or the median is more susceptible to small changes in the marks.





                   6.    Set up a fairly compact distribution. Now introduce an outlier.


                          What effect does this have on the mean and median ?


                          Which is the least affected ?





                   7.   The mean, median and mode (or modal class)  are all averages.


                         Create a distribution with the largest possible difference between the


                         mean and the modal class.


                         Now find a distribution with the largest possible difference between the 


                         median and the modal class.


                         What's the largest difference you can construct between the mean and 


                         median ?

















_________________________________________________________________________________


Further challenges :








	1.	Imagine that this was a very hard exam. 


		Set up the distribution of marks which you would expect.


		What is its shape ?    Where do the mean, median and mode come ?





	2.	Now set up the distribution of marks for an easy exam and look at its 		shape.   Notice where the mean, median and mode come in this case.





	3.	These two sets of marks could arise in the situation where you have 		two groups of students sitting the same exam , but the teacher of one 		group has only covered half the course.


		What happens when you amalgamate the marks?


		What effect does it have on the shape of the distribution and on the 		statistics ?





	4.	How suitable is the formula     3(mean - median)/standard deviation   		as a measure of skewness ? 


		Set up this formula on the spare spreadsheet.


		Investigate what happens with different shaped distributions.


  		What range of values do you get ?


		Which values indicate marked skewness ?





	5.	The mean, median and mode are all averages.


		Create a distribution with the largest possible difference between the 		mean and the mode.


		Now find a distribution with the largest possible difference between the 		median and the mode.


		What's the largest difference you can construct between the mean and 		median ?





	6.	Is it possible to have the mode between the mean and the median ?


		Set up, if you can, distributions with the 3 averages in each of the 			following orders :


			mode   mean   median		mode   median   mean


			mean   median   mode		median   mean   mode


			mean   mode   median		median   mode   mean





	7.	Create a distribution, and make a note of it. 


		Imagine that you now have the marks of 5 more students to enter.


		What marks would make the greatest difference to each of the 3 			averages ? 


		(Consider each one separately.)
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   Aim:	To understand what the standard deviation and			the interquartile range (IQR) each measure, and


		the difference between them.


�






�
 :  What's on the screen 


 


	A frequency distribution is given showing


	students' examination marks.


	They are displayed as a histogram.





	Also marked are the standard deviation


	and the interquartile range. 








     &    You need to know 


           variance   =  S(x - mean)2 / n


           standard deviation  = square root of the variance





           the interquartile range is the distance between 


           the upper and lower quartiles.


 





�



	What to do:








	1.	By changing the frequencies create a number of distributions with 


		different shapes.


		Notice what happens to the standard deviation and IQR.


		Suggestions for distributions to investigate are :


			uniform,  symmetrical,  bimodal, and skew. 


		Try zero frequencies for some classes.





	2.	Can you find two different  shaped distributions with the same IQR,


		or with the same standard deviation ?


		Can you find two different distributions with the same IQR and the same


		standard deviation ?





	3.	For each distribution, which is larger : the standard deviation or the IQR ?


		Can the standard deviation ever equal  the IQR ?





	4.	Find a distribution which gives the largest possible standard deviation.


		Find a distribution which gives the largest possible IQR.


		What distributions give the smallest values ?





	5.	Create any distribution. Experiment with it to find whether the standard


		deviation, or the IQR, is more susceptible to small changes in the marks.





	6.	Set up a fairly compact distribution.  Now introduce an outlier.


		What effect does this have on the standard deviation and the IQR ?


		Which is the least affected ?








_________________________________________________________________________________


Further challenges :





	1.	Imagine that this was a very hard exam. 


		Set up the distribution of marks which you would expect.


		What is its shape ?    What is the standard deviation ?





	2.	Now set up the distribution of marks for an easy exam and look at its shape. 		Are the standard deviation and IQR very different from the first situation ?   		Why not ?





	3.	These two sets of marks could arise in the situation where you have two 			groups of students sitting the same exam , but the teacher of one group has 		only covered half the course.


		What happens when you amalgamate the marks?  What effect does it have 		on the shape of the distribution and on the statistics ?





	4.	Now create two similarly shaped distributions with different standard 			deviations.  Make a note of them. 


		What happens to the standard deviation when you amalgamate these two ? 		Investigate with several different distributions.  Is there any general rule ?





	5.	Create a distribution with the largest possible standard deviation.


		What one additional mark would make the greatest change to the value of 		the standard deviation ?


		Continue adding just one mark at a time, finding the mark that decreases the 		standard deviation by the most each time.


		What do you notice about these marks ? 





	6.	Set up any distribution. Investigate, by trial and error (and experience), which 		one additional mark decreases the standard deviation by the most, and 			which one additional mark increases it by the most.


		What one additional mark makes the least difference ? Where is this in 			relation to the mean ?





	7.	Take any distribution and this time remove one mark. Find which marks to 		remove to make the greatest increase and decrease in the standard 			deviation. Which one mark, when removed, makes the least change in the 		standard deviation ? Where does this mark lie in relation to the mean?





	8.	Create a distribution, and make a note of it. 


		Imagine that you now have the marks of 5 more students to enter.


		What marks would make the greatest difference to the standard


 		deviation and the IQR ?    (Consider each one separately.)





	9.	For a Normal distribution :	


			the IQR is approximately 1.35 x standard deviation


		For distributions with tails longer than a normal distribution :


			the IQR is less than 1.35 x standard deviation


		Test out these statements by experimenting with different distributions.
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   Aim:	To introduce the boxplot as a means of showing


         	the main features of a set of data .


�






�
 :  What's on the screen


 	A data set of 48 numbers is given.  


	The median, quartiles, IQR and fences


 	have been calculated, and are shown.


	The boxplot is displayed initially with


 	two possible outliers marked.


      &    You need to know 


	            what is meant by :


	            the median, quartlies, IQR


	            fences


	            an outlier





�









       What to do:





            A boxplot  is a plot drawn in the shape of a box !


            The ends are at the lower and upper quartiles and the vertical line within the box      


            marks the median. 


            Check this out by looking  at the diagram and the numbers given for the 


            quartiles and median.         


            The inner fences are at 1.5 x IQR from the ends of the box, and the outer fences


            are at 3 x IQR.


            Lines are drawn to the minimum and maximum data values lying within the inner        


            fences  -  these are called the whiskers.





            By changing the numbers in the distribution you can draw different boxplots.


            You need not have 48 numbers, simply delete those you don't want. The numbers 


            do not have to be in any particular order.








           1.    Experiment  by changing just a few numbers at first. 


                  Make all one row very much smaller or very much larger, to see the effect on 


                  the quartiles, and the shape of the boxplot.





           2.    Create a symmetrical distribution.


                  Where is the median in relation to the ends of the box ?





           3.    Now create a positively skew distribution (many smaller numbers and just a


                  few very large ones).Where is the median now in relation to the ends of the box?





           4.    Create a negatively skew distribution and see where the median lies.





           5.    Find a distribution with no outliers. Gradually make the largest number larger - 


                  what effect does this have on the boxplot ? 











________________________________________________________________________________


Further challenges :





	1.	Boxplots are useful for comparing two distributions.  Create a fairly uniform 			distribution, and copy the box plot on to a sheet of paper, ideally use graph paper as 		it makes scale drawing easier.





		Create a second , much more compact , distribution, and draw the boxplot for this 		under the first - USING THE SAME SCALE.


		The boxplots enable you to compare an average (the median), the spread and the 		shape of the two distributions and to comment on unusual values.


		Write a few sentences comparing the two distributions





	2.	The following data  are the survival time in years from inauguration, election or 			coronation to death of US Presidents, Roman Catholic Popes and British Monarchs 		from 1690 to 1990. Draw boxplots to discover if the survival times of the groups 			differ in any marked way.





		Presidents		Popes				Kings and Queens





		Washington	 10	Alexander VII 	 2	James II	17


		J. Adams	 29	Innocent XII 	 9	Mary II 	 6


		Jefferson	 26	Clement XI		21	William III	13


		Madison	 28	Innocent XIII	 3	Anne		12


		Monroe	 15	Benedict XIII	 6	George I	13


		J.Q.Adams	 23	Clement XII		10	George II	33


		Jackson	 17	Benedict XIV	18	George III	59


		Van Buren	 25	Clement XIII	11	George IV	10


		Harrison	  0	Clement XIV		 6	William IV	 7


		Tyler		 20	Pius VI		25	Victoria	63


		Polk		  4	Pius VII		23	Edward VII	 9


		Taylor	  1	Leo XII		 6	George V	25


		Filmore	 24	Pius VIII		 2	George VI	15


		Buchanan	 12	Pius IX		11


		Lincoln	  4	Leo XIII		25


		A. Johnson	 10	Pius X		11


		Grant		 17	Benedict XV		 8


		Hayes		 16	Pius XI		17


		Garfield	  0	Pius XII		19


		Arthur	  7	John XXIII		 5


		Cleveland	 24	Paul VI		15


		Harrison	 12	John Paul		 0


		McKinley	  4


		T. Roosevelt 18


		Taft		 21


		Wilson	 11


		Harding	  2


		Coolidge	  9


		Hoover	 36


		F. Roosevelt 12


		Truman	 28


		Kennedy	  3


		Eisenhower	 16


		L. Johnson	  9


		Nixon		 26





	3.	Find two sets of real data and compare them by drawing boxplots.


_______________________________________________________________________________________
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   Aim:	To understand the concept of a histogram for


		representing continuous data.


�



�
 :  What's on the screen 


 


	You are given a data set of 48 numbers which  	initially has been tallied into 7 classes of 	UNEQUAL width.


	The histogram  has been constructed.





	You can change the data values and alter the 	upper limits of each class.


	NB the lowest upper limit is in fact the lower limit 	of the first class interval.





     &    You need to know 





	In a histogram the AREA  of each bar is 	proportional to the frequency of the data in that 	class interval.  


	The widths of the bars need not be equal. 


	If they  are UNEQUAL the heights of the bars 	need to be adjusted so that the AREA correctly 	represents the frequency.


	The height of each bar is calculated by dividing 	the frequency of the data in that interval by the 	width of the bar.





�



	What to do:


	





	1.	Alter the values of the upper limit to see how the shape of the 


		histogram changes, and to get a feel for what is happening. You 


		should discover what happens if you make the lowest upper limit too 


		high or  the classes overlap !





	2.	Make one of the upper limits equal a value in the data, eg 20 ? 


		In which class are those data values  counted ?





	3.	Make all the classes the same width eg 20.


		The corresponding bar chart would look very similar, but with gaps 


		between the bars, and with the actual frequencies shown.


		If you were just shown the histogram WITHOUT the accompanying table, 


		how would you calculate the actual frequencies ?





	4.	Note the frequency density of the last class.


		Double that class width and see what happens to the frequency density. 


		What has happened to the AREA of the bar ?  


		What would the corresponding bar chart look like ?


		Sketch both the bar chart and the histogram on graph paper. (Or use


		your spreadsheet package.)  From a quick glance, which diagram gives 


		YOU a better idea of the distribution of the data?


			


	5.	Triple the width of a class and note what happens. 


		What will happen if you halve the width of a class?








________________________________________________________________________________


Further challenges :








	1.	Alter the given data set to see the effect on the histogram.


		Construct a compact set of data with a few outliers.


		Experiment with different class intervals. 





		Try classes of equal widths with as short an interval as is 			possible, and as an alternative try just a few classes with 			intervals of wider equal widths.





		Does either solution give us much information about the 			characteristics of this distribution ?


		What is the best solution ?








	2.	Try different data distributions, and for each one try different 		patterns of class intervals until you find one which you think 		is the most helpful in indicating the nature of the distribution.


		Would the corresponding bar chart be as helpful ?








	3.	Remember that the median splits the histogram into two 			equal parts by area. 


		The mean, on the other hand, is the balancing point.


		Practice trying to guess the values of the mean and median 		from your histograms. 


		Try this in particular for skew distributions where they are 			likely to be very different.
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