Visual Display of Data

�PRIVATE ��



Review of Prerequisites:



	1.	An interval is a segment on the number line, i.e. a subset of the number line consisting of all of the points on the number line that are between two given points (called the endpoints of the interval).  Intervals may be designated by writing the endpoints in a pair of parentheses separated by a comma:  (smallest value, largest value).  A square bracket is used to denote inclusion of  an endpoint.



			Example:	The interval  {x : x 0 ú  and  1.5 < x < 4.5} may be designated by the notation  (1.5,4.5).  The interval   {x : x 0 ú  and  1.5 < x # 4.5} may be written as (1.5,4.5].



	2.	The range of a set of data is the difference between the largest value and the smallest value in the set.



			Example:	The range of the data set  2,3,3,4,6,9,11  is  11 - 2 = 9.



	3.	Class intervals are subintervals of equal length into which the interval from the lowest value to the largest value of a set of data has been divided.  Usually, from  5  to  20  subintervals are chosen, depending on the size of the set of data (more data - more subintervals).  The endpoints, or class boundaries, are chosen so that it is impossible for one to be an element of the data set.



			Example:	One possible set of class intervals for the data set         2,3,3,4,6,7,7,7,8,9,11  would be the intervals  (1.5,3.5), (3.5,5.5), (5.5,7.5), (7.5,9.5), (9.5, 11.5).  An alternate set of class intervals for this data set would be the intervals  (1,3], (3,5], (5,7], (7,9], and (9,11];  a second alternative would be the intervals  [2,5), [5,8), [8,11), and [11,14).



	4.	The class frequency is the number of data that belong to the class interval.  The fraction of data in the class (the class frequency divided by the total number of data values) is called the relative frequency.



			Note:  If a measurement is randomly selected from the set of data, the relative frequency of a class interval is the probability that the measurement falls in the class.



	5.	A histogram is a graphical display of data consisting of rectangular bars whose heights represent frequencies or relative frequencies of the data.  The bases of the rectangles are class intervals into which the data falls.



	6.	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, the median is the average of the two middle data values.

�

			Example:	The median for the data set  2,3,3,4,6,7,7,7,8,9,11  is  7 since there are  11 data values, and  7  is the sixth value in the ordered list.



			The median for the data set  2,3,3,4,6,7,7,7,8,9  is  6.5 (the average of  6  and  7, the fifth and sixth data values).



	7.	The lower quartile for a set of data is the value that exceeds 25 percent of the data values and is less than 75 percent of the data values.  The upper quartile is the value that exceeds 75 percent of the data values and is less than 25 percent of the data values.



			Example:	The lower quartile for the data set  2,3,3,4,6,7,7,7,8,9,11  is the third value, 3, since there are  11 data values, and  12/4 = 3.  The median is the sixth value.  The upper quartile is the ninth value, 8  (12(3/4) = 9).



			The lower quartile for the data set  2,3,3,4,6,7,7,7,8,9  is  the third value 3  since it is in the middle of the lower half.  The median is the average of the fifth and sixth values.  The upper quartile is the eighth value, 7, since it is the middle value of the upper half of the values.



Objectives:



	1.	To explore modern graphical methods for organizing and reading data sets.



	2.	To use graphical displays as tools in exploratory data analysis.



�	3.	To experience the use of technology in producing graphical displays.



	4.	To gain facility in drawing inferences from graphical displays.





Materials:



	1.	TI82 Calculator



	2.	Computer with Minitab software





�Activity 1:  Dot Plots and Stem Plots



1.	A large data set can be a bewildering sight, but it can also contain important, interesting, and even shocking information.  Simple graphics displays are often quite sufficient for extracting interesting information from a conglomeration of codes and numbers. The following data set is a list of annual medical charges for 55 patient families of an upstate general practitioner.



				Family Medical Charges - 1992

	Chg,Code		Chg,Code		Chg,Code	Chg,Code		Chg,Code

	

	 194, N		1401, S		1440, N	1473, S		1532, N

	 290, S		1342, S		 488, N	 872, N		1477, S

	 795, N		 390, N		 412, N	 305, N		 536, N

	 762, N		 410, N		1598, S	 858, N		 733, N

	 513, N		1399, S		 519, N	 935, S		 724, N

	 780, N		 810, N		1530, N	 987, N		 693, N

	 478, N		1644, N		 586, N	 990, N		 680, N

	1315, S		 834, N		 617, N	 960, N		 740, S

	 594, N		 845, N		 602, N	1032, S		1105, S

	1291, S		 914, N		1204, N	1075, N		1196, S

	 587, N		 613, N		1455, S	 634, N		 617, N



	Scan this data.  What statements can you make about it?









2.	Visual displays can help us read data.  Perhaps the simplest of visual displays is the dot plot.  It is produced by placing a dot above a number line for each data entry.  Round the data above to the nearest $100 and complete the dot plot below.  The first column has been done for you.  Notice that multiple values are represented by dots stacked with equal spacing.
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	On the basis of your completed dot plot, what statements can you make about the medical charge data?  Be sure to include information about the range, or spread, of the data.

































2.	Another useful visual display device is the stem and leaf plot.  To produce a "stem plot" (that's a nickname for a stem and leaf plot), one first separates each of the data values into a "stem" and a "leaf" according to place value. This process is more easily understood by looking at a small data set.



		The following set of numbers are the grades made by a USCS calculus class on their second test: 



				41,45,49,51,54,56,65,66,70,72,79,82,85,87,87,88,90,91,94.



	Putting each tens-place digit in a vertical box as the "stem" and the units digit to the right as the "leaf", we get

			

9�0 1 4��8�2 5 7 7 8��7�0 2 9��6�5 6��5�1 4 6��4�1 5 9��								

	What general statements can you make about the distribution of grades?















�3.	Construct a stem and leaf plot for the medical charges data.  Round each value to the nearest 10.  For each rounded value, use the two-digit block consisting of the thousands and hundreds places together as the stem, and the tens digits only as the leaf.  Make back-to-back stem plots, putting those data values with code "S" on the left side of the stem and those with code "N" on the right of the stem.  Again, the first column is done for you.

				

S��N���1�9��9�2����3����4�8���5�1 9 9���6����7�9 6 8���8����9����10����11���9�12���1�13����14����15����16���

What general statements can you make about the medical charges?  Can you conjecture as to the meaning of the codes?

























4.	Your data disk contains the data file ABS-MTEM.MTW.  The numbers in this file represent the average minimum daily temperature for a year in a collection of cities chosen from each state and territory of the United States.  Turn on the computer and load Minitab by typing minitab (if you are in DOS), or double-clicking the left mouse button on the Minitab icon (in Windows or on the Mac).



	Load the data file  ABS-MTEM.MTW  by pointing and clicking the left mouse button on  File, Open Worksheet.  A window resembling the following figure  should appear.



		                        Open                        

		                                                     

		      (X) Minitab worksheet                          

		      ( ) Minitab portable worksheet                 

		      ( ) Lotus 1�2�3 worksheet                      

		  <?> RETRIEVE         <Select File>  <  Cancel   >  



	Point at  Select File, and click the left mouse button.  If  A:\  does not appear above the list of files as below, click in the Files window and move down the list by pressing the 9 cursor key until  [-A-]  is highlighted; click on  <OK>; click on ABS-MTEM.MTW  to highlight it; click on  <OK>  to load the highlighted file.



	                   Open File                              

	   +������������File name:���������--���+                             	 

	    *.MTW                                                            

	   +��������������������������������--��+                              

	   A:\                                                               

	   +���������������Files����������������+                            

	    ABS�MTEM.MTW                                                     

	    INGROUPA.MTW                                                     

	    INGROUPB.MTW                                                    

	    [..]                                                            

	    [�A�]                                                           

	    [�B�]                                                           

	    [�C�]                                                           

	    [�D�]                                                            

	                                             <  OK  >    <Cancel>    

	   +������������������������������������+                            

	+�������������������������������������������������������������������+



	a.	Use Minitab to draw a stem and leaf plot.  To do this, point and click the left mouse button on  Graph, Stem-and-Leaf.  The following window should appear.  Point and double-click the left mouse button on the column labeled MinTemp, so that its name appears in the window labeled  Variables:.  Point and click on  <OK>.



	                            Stem�and�Leaf                            

	                                                                     

	  +����������������+ Variables:                                      

	   C1     Absent     +��������������������������������������������+  

	   C2     MinTemp  |  MinTemp                                        

	                   |                                                 

	                   |                                                 

	                   | +��������������������������������������������+  

	                   |                                                 

	                   | [ ] By variable: [          ]                   

	                   |                                                 

	                   |                                                 

	                     [ ] Trim outliers                               

	                                                                     

	  +����������������+                                                 

	     <  Select   >   Increment: [      ]                             

	 

	  <?> STEM                               <   OK   >   <  Cancel   >  

	+�������������������������������������������������������������������+

	What conjectures or conclusions can you form by looking at the shape(s) displayed?































	b.	Use Minitab to draw a dot plot by pointing and clicking the left mouse button on  Graph, Dotplot, and following the procedure in (a).  What conjectures or conclusions can you form by looking at the shape(s) displayed?

�Activity 2:  Histograms 





1.	The workhorse of statistical graphic displays is the histogram.  It shares some characteristics with dot plots and stem plots, but it has some advantages.

	

	A histogram is a graphic with rectangular bars whose bases are the  intervals into which the data are grouped.  The heights of the rectangular bars are proportional to the frequencies or relative frequencies of the data in the corresponding base interval.  

	

	A histogram is much more difficult to describe than it is to draw.  Study the following example:
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	a.	How many teachers participated in this survey? ____________________







	b.	What percent preferred classes of size 9, 10, 11, or 12 students?





















2.	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



	The following steps are required in the manual construction of a histogram.



	a.	Find the range of this data set.  (highest value minus lowest value) Record it below.



		  	range = _____________________



	b.	Decide on the number of class intervals, or number of rectangular bars to be displayed.  Five to fifteen is usual.  Divide the range by this number and add enough to the quotient to make it a convenient size for an interval width.  Record it here:

	

			bar width (interval width) = _______________________



	c.	Now choose boundaries for the bars.  Choose numbers that cannot be data values.  In this case, the data is integer data; so, choose the "real class limits" (or class boundaries) half-way between integers, as in the example in (1) of this activity.  



	Record the class limits in the chart below.  For example, you may wish to use (20.5,24.5) as your first class.  (Change this, if you wish.)  Tally the number of data points in each class and record the frequency of each class.  Combine the data from both car manufacturers.  Do not complete the columns labeled Relative Frequency and Cumulative Frequency at this time.





�PRIVATE ��Class Number�Real Class Limits�Tally�Frequency�Relative Frequency �Cumulative Frequency��1�������2�������3�������4�������5����������������������������

	d.	Number the horizontal axis below with the real class limits, and draw a bar above each class interval.  The bar height should be equal to the frequency of the class.  
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	What conclusions can you draw from your completed histogram?

















	e.	If you were to choose a car model at random, what would you estimate to be the probability that its mileage rate would fall in your second class?











	f.	If you were to choose a car model at random, what would you estimate to be the probability that its mileage rate would above your second class?











3.	Suggest ways to enhance your histogram constructed in (2).  Perhaps you can add a feature to the graph to emphasize some idea.

















4.	Now check the histogram constructed in (2) by using the TI82 calculator.  Use the calculator to construct a histogram for the given data with the following keystrokes:



			STAT  EDIT 	

			 1: Edit 		Displays the data screen.



	If there is data in the first list  L1  on your calculator, use the up arrow key to move the cursor above the horizontal line to L1 ; press CLEAR, followed by ENTER. This clears the data space.



	Use the down arrow key to return the cursor to the first position below the horizontal line in the column labeled  L1 . Type your data values, pressing ENTER after each value. For example, if your data set was 38, 40, 46, 46, you could enter:

				38

				40

				46

				46



	After entering all your data, press WINDOW.  Set



			Xmin 	to  your lowest class limit;

			Xmax 	to  your highest class limit;

			Xscl 	to your interval width;

			Ymin 	to -1;

			Ymax 	to  1  more than your largest class frequency; and

			Yscl 	to 1.



	Press 	2nd STAT PLOT 

			1: Plot1

	Select	On  by highlighting it and pressing ENTER.  Move the cursor to the line labeled Type:  and select the last option (the histogram) by moving the cursor to highlight it and pressing ENTER.  Make sure that  L1  is selected for the Xlist  and  that 1  is selected for the Freq.



	Press GRAPH  to draw the histogram.



	a.	Compare the calculator's histogram with the one constructed in (2).  Record any differences.













	b.	Press  WINDOW  and change  Xscl (interval width) to a smaller value. Redraw the histogram.  Next, change  Xscl  to a larger value than originally, and redraw the histogram.  Describe the effect on the histogram in each case.



		Smaller Xscl = ______________ 



		Effect on the histogram:



























		Larger Xscl = ______________ 



		Effect on the histogram:























�Activity 3:  Beyond the Stat Packs





The TI82 and many computer statistics packages generally omit some very useful analysis tools.  For example, the relative frequency column found in your visual display chart provides information for a relative frequency histogram.  



1.	Complete the column in the table on page 9 (Activity 2) labeled Relative Frequency.  Recall that the relative frequency of a class interval is the frequency for the interval divided by the total number of data values.  Using the same real class limits as before, draw a histogram with relative frequency on the vertical axis.
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	a.	How does its shape differ from your frequency histogram?












	b.	From your relative frequency histogram, determine the probability that a randomly selected car model from the EPA's Honda-Toyota list will fall



		i..	in your 4th class _______________________________



		ii.	in a class above your 4th class _________________





2.	The cumulative frequency of a class is the sum of the frequencies of that class and all classes numbered lower.  



	a.	Fill in the cumulative frequency column for the table on page 9 (Activity 2) now.  



	b.	What is the cumulative frequency of the last class?______________















3.	A graph with upper real class limits on the horizontal axis, cumulative frequency on the vertical axis, and straight line segments connecting the points pairing each upper class limit with the cumulative frequency of the class, is called an ogive.  



	a.	Draw an ogive for the data in the table on page 9 (Activity 2):
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	b.	The ogive can be used for many purposes, one of which is in approximating "order statistics".



		i.	First, divide your vertical axis from 0 to N into four equal parts by marking three X's on the axis.  Draw a light horizontal line from your middle X to the ogive graph.  At the intersection, drop a vertical line down to the horizontal axis.  That point on the horizontal axis is an approximation to the "median" or middle value when the data are listed in order.  Record your approximation to the median:   



				M. __________________.



		ii.	Using the same procedure, starting from your lower X, find the "lowerhinge", which is an approximation to the "lower quartile."  It is the point that divides the lower half of your data in half.  Record it below:



				Q1 . _________________



		iii.	Similarly, approximate the "upper quartile."



				Q3 . _________________







4.	Use Minitab to draw a histogram of the minimum temperature data in the file ABS-MTEM.MTW.  Describe the difference in format between the histogram constructed by Minitab and the one you constructed.





�Assignment 1:





1.	Design a small project in which a class you teach could use the visual display techniques of this unit to describe a data set of your choosing.















































2.	Discuss how you might use the ideas in this unit to reinforce specific topics in a class that you teach.



�
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