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Reference:	Quantitative Literacy Series- Exploring Data, Sections III and IV, pages 35-74.



Review of Prerequisites:



	1.	The mean of a set of data values is the sum of the values divided by the number of values.



	2.	The median of a set of data is the data value that falls in the middle when the data values are arranged in ranked order from the lowest to the highest value.  If there are an even number of data values, the median is the average of the two middle data values.

�

	3.	The mode of a set of data is the data value(s) with the highest frequency.



	4.	The lower, or first, quartile for a set of data is the value that is greater than or equal to 25 percent of the data values and is less than or equal to 75 percent of the data values.  The upper, or third quartile is the value that is greater than or equal to 75 percent of the data values and is less than or equal to 25 percent of the data values.



		The median divides the rank-ordered data set into two equal parts, each having the same number of values.  Likewise, the lower quartile divides the rank-ordered data values below the median into two parts, each having the same number of values; and the upper quartile does the same to the values above the median.



	5.	The interquartile range is the distance between the upper and lower quartiles.  Data values that fall more than  1.5 times the interquartile range above the third quartile or below the first quartile are called outliers.





Objectives:



	1.	To compare different measures of center and appropriate applications of each;



	2.	To compare different measures of spread;



	3.	To depict the spread of a distribution graphically.





Materials:



	1.	Minitab and computer

	2.	TI82 calculator

�Activity 1:  Measures of Center



One can describe a distribution of data without pictures or graphs.  Numbers, often called descriptive statistics, can describe a data set.  You have already been introduced to three such numbers - the median, or middle data value, and the 1st and 3rd quartiles.  Simple descriptive statistics can be grouped into two categories:  measures of center, and measures of spread.



The primary three measures of center of a distribution of data are the mean, the median, and the mode. The mean is the numerical average of the data values, or the sum of all data values divided by the number of data values.  



1.	The mean for a set of data is usually symbolized by  � EMBED Equation.2  ���.  If a data set has  n  values represented by  x1 , x2 , x3 , . . . , xn ,  the mean may be expressed symbolically by  �EMBED Equation.2����seq User_Box  \* Arabic  \h� .  This is read "x-bar is the sum of the xi' s  divided by (or over)  n." 



		As noted in the previous unit, the 1993 EPA Mileage Guide lists the following highway mileage figures for Honda and Toyota compact and subcompact cars.



				Honda:  38,40,46,46,34,35,51,55,30,31,26,26,26,28,31

				Toyota:  31,32,24,27,28,29,36,34,29,34,33,33



		If you do not still have this data in your TI82, re-enter it. Use the TI82 to find the mean of this set of data by pressing

			

					STAT 	CALC

					1: 1-Var Stats.  

	

		Record the mean: ____________. 	Note that n = 27.  (If it doesn't, you have made an error.)



2.	If a data set has an odd number n of values (as it does in the gas mileage data), the median is the middle number when the data are sorted in order of magnitude.  If n is even, the median is generally considered to be the average of the middle two numbers.



		To sort the data on the TI-82, press  STAT EDIT  2: SortA(  ENTER  L1  ENTER. Press  STAT  EDIT  1: Edit. Use the cursor key to scroll down to the median in your list, and record it below



				Median =  __________________.



3.	The mode is the data value that appears most often.  It can be found by looking at the data, or by constructing a histogram with an interval width of  1.  



		Record the mode or modes: ___________________.



		If you have a two-way tie for "most popular" data value (two data values with the highest frequency), your data distribution is called bimodal.  It can also be trimodal or multimodal.



4.	The three measures of center are used for different purposes.  Think about the following.  



	a.	If you were deciding whether or not to open a picture framing shop in a neighborhood, would you be interested most in the mean, the median, or the modal income of that neighborhood?  Why?  (Hint:  Suppose one person made $1,000,000 and the other thousand made $1,000 per year?)

























	









	b.	If you were trying to compute the projected annual income of the frame shop, would you be interested in the mean, the median, or the modal daily sales?  Why?





































	c.	Your frame shop stays open 8 hours per day unless there are many customers in the store.  Last week, you were open these numbers of hours on Monday through Saturday, respectively:  8, 8.5, 8, 8.1, 8, and 8.2.  If you wanted to predict the exact length of time you would be open tomorrow, would you choose the mean, the median, or the mode of these data?  Why?

	































5.	Re-sketch your gas mileage histogram below.  Mark and label the mean, the median, and the mode or modes.



	a. 

� EMBED Word.Picture.6  ���

��seq User_Box  \* Arabic  \h�	b.	In this histogram, the mean and the median are near one another on the graph.  Does this happen on all histograms?  If so, why?  If not, construct a data set that has the mean and median widely separated.

	�Activity 2:  The Spread of a Distribution



1.	The range of a set of data values is the largest data value minus the smallest data value.  Look at the data sets below, given in stem-and-leaf form, and find the indicated measures.

   

			A						B



		9 4		Mean = ________		9 0 4		Mean=  ________

		8 2		  				8 2 9		

		7 4 5 5 5 5 6	Median = ______		7 5 5		Median=________

		6 8						6 0 1 8		

		5 6		Mode=  ________		5 6 		Mode=  ________

		

				Range= ________				Range= ________





	a.	Do the data sets have the same shape?  ________	 Describe how they differ.



































	b.	These data sets are obviously distributed quite differently, but one could not tell it from the numerical descriptions.  



		A very useful graphical display that helps illustrate the spread of a distribution is the box and whiskers plot.  There are many types of box plots.  The one constructed below is called the 5-number summary plot:



		For each sorted data set in (1), record the median, the maximum element, the minimum element, the lower quartile, and the upper quartile.  The lower and upper quartiles, called hinges, may be calculated as follows:



			If the number of data values below the median is odd, pick the middle value.  Call it "Q1".  If the number of data values below the median is even, use the average of the middle two values as Q1.  (Q1 is the median of the lower half of the data set.)  Similarly, choose Q3 to be the median of the upper half of the data set.





			A:	      min = _________	B:	    min = _________



			   	       Q1 = _________		      Q1 = _________



				 median = _________		median = _________



			   	       Q3 = _________		      Q3 = _________



				     max = _________		    max = _________







	 	Construction of the box and whiskers plot:



		Above a number line, draw a box that extends from Q1 to Q3 of data set A:
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		At the median, draw a heavy or double vertical line segment from the top of the box to its bottom.
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		Finally, connect the box to marks at "min" and "max" with line segments from the midpoints of the box ends.
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		On the same number line as the computed plot above, draw the box and whiskers plot for data set B.



	c.	Which distribution, A or B, has the largest spread?







2.	Below are the grade point averages earned by women basketball and softball players for the spring term.  They have been rounded to the nearest tenth.



		Basketball:	{1.2, 1.8, 1.9, 2.1, 2.4, 2.6, 3.7}



		Softball:	{1.5, 1.9, 1.9, 2.1, 2.4, 2.5, 2.6, 3.0, 3.2, 3.7}



	a.	Sort each of the two data sets using a stem-and-leaf plot.  Record the median, the maximum element, the minimum element, the lower quartile, and the upper quartile.



		Basketball:				Softball:





			      min = _________				    min = _________



		   	       Q1 = _________				      Q1 = _________



			 median = _________				median = _________

	

		   	       Q3 = _________				      Q3 = _________

		

			     max = _________				    max = _________









	b.	Construct box-and-whiskers plots for each of the two distributions above the same number line.



















	c.	Which distribution has the largest spread?  Which team performed best academically?  Conjecture as to the reason for the difference in grades.































3.	The distance between quartiles is called the interquartile range, abbreviated IQR.  (So,  IQR = Q3 - Q1.)  Data values that fall more than  1.5 times the interquartile range above the third quartile or below the first quartile are called outliers.



	Use Minitab and the Graph menu to produce a box plot of the MinTemp data.  (Load the worksheet; with the mouse, select Graph, Boxplot; select MinTemp as the Variable; click on OK.)  Print a copy of the box plot by pressing  P  with the plot on screen.  



	How many outliers are there?





















4.	Enter the gas mileage data on Honda and Toyota automobiles from the 1993 EPA Mileage Guide (see page 2 of this unit) into Minitab.  



	To do this, click on  File, Restart Minitab, Edit, Data Screen.  Enter the data into the spreadsheet that appears, placing the miles per gallon in column 1 (c1), and coding the data in column 2 (c2) by placing  1  by each mileage value for a Honda and   2  by each mileage value for a Toyota.  Label the columns by clicking on F10=Menu in the lower right-hand corner of the screen, and then clicking on Name Columns in the menu that appears.  Type  MPG  above column 1, and Code above column 2.  Click on F10=Menu, followed by Go to Minitab Session to return to the Minitab screen.



	Construct a comparison box plot for the Honda and Toyota data sets.  To do this, click the mouse on Graph, Boxplot.  Select  MPG  as the Variable; click on the box to the left of By Variable, select  Code  for  By Variable.  Click on OK.  Print a copy of the plot.



	Discuss the comparison box plot for the two automobiles.

�Activity 3:  Measures of Spread - The Variance and Standard Deviation



The range and quartiles are useful measures of spread, but they do not take into account the values of all data elements.  A reasonable way to measure the spread of the individual data values would be to average their distances from the mean of the data set.  This average is called the mean absolute deviation.  If a set of data values is represented by {x1 , x2 , . . . , xn} and the mean of the data set is represented by  �EMBED Equation.2����seq User_Box  \* Arabic  \h�, the mean absolute deviation may be expressed by

				M.A.D. = �EMBED Equation.2����seq User_Box  \* Arabic  \h�



This is unwieldy for computations because of the presence of the absolute value.  An alternative approach follows.



1.	Consider the data set  {2, 5, 11}.  



	a.	Find the mean: �EMBED Equation.2����seq User_Box  \* Arabic  \h� = ___________.  



		Compute the sum of the squares of the deviations from this mean by completing the table below:



�PRIVATE ��xk��EMBED Equation.2����seq User_Box  \* Arabic  \h���EMBED Equation.2����seq User_Box  \* Arabic  \h���2����5����11����Total���EMBED Equation.2����seq User_Box  \* Arabic  \h� =��



	b.	What is the total of the column labeled  �EMBED Equation.2����seq User_Box  \* Arabic  \h�?  Why?  Would you expect this sum to be the same for any data set?  Explain.























	c.	Now, find the mean of these squared deviations.  This number is called the variance of the data.



					�EMBED Equation.2����seq User_Box  \* Arabic  \h�



	d.	Finally, take the square root of the variance.  This number is called the standard deviation of the data.



				�EMBED Equation.2����seq User_Box  \* Arabic  \h�_______________





2.	Why don't we just average the deviations without squaring them?

























3.	Why do we take the square root as a final step?  (Hint:  If  x  is measured in feet, what are the units of variance?)





















4.	Compute the standard deviation for the data set consisting of the numerical shoe sizes of the members of your group.  Record the data set and your calculated value below.



	Shoe Sizes = {                                                                                      }









	Standard deviation = _________________

5.	Find and compare the standard deviation and the mean absolute deviation for each of the data sets below.  Discuss why the two are close in value or widely separated as applicable.



	a.	{1, 1, 2, 20}

































	b.	{-2, 0, 12, 14}
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