	A Continuous Probability Distribution: The Normal Curve�PRIVATE ��








Objectives:





	1.	To explore a continuous probability distribution.





	2.	To model the use of technology to replace traditional classroom methods.





	3.	To discover properties of the normal curve.





	4.	To apply probability theory to a participant-generated data set.





	5.	To introduce area analogies needed for an understanding of the use of probability in statistics.








Materials:





	1.	A large sheet of poster board with markings as drawn below.





                                  


				��seq Figure  \* Arabic  \h�











	2.	Cotton balls





	3.	IBM compatible computer and X(Plore)  software





	4.	TI82 calculator (optional)


�
Activity 1:  Linear Errors Due to Chance





1.	In the last unit you drew a histogram for a binomial distribution.  We called it a discrete distribution because there were gaps between possible outcomes for the associated probability experiments.  Many endeavors whose outcomes are subject to chance are measured on a continuum:  How far from home will you go tomorrow?  How far from center will an arrow hit?  How many laps will a race car go on its allotted gas?  If in a 200 lap race, the answer to the last question is 199.723 laps, one cannot justifiably round to the nearest integer!





	In each of the following, indicate whether a discrete set of  numbers or an interval on the number line would be required to required to express the measurements.





	a.	The length of a forward pass in football











	b.	The number of coins in your pocket or purse











	c.	The number of broken eggs in a crate











	d.	The number of broken eggs in a crate measured in fractions of dozens











	e.	The time remaining in this class











	f.	The number of students at your school











	g.	The percentage of female students at your school











2.	If a random variable were to be defined for each of the sets of outcomes described in (1), which ones would be discrete?  continuous?  Explain.














3.	A family of continuous probability distributions that has proven to be useful for describing chance errors in linear measurement is the normal distribution or normal curve.  The following experiment provides an example of a normal distribution.


 


	Place the poster board that has been provided on the floor.  Have each member of your group, in turn, toss about 5 cotton balls at the 0  at the middle of the board (the intersection of the heavy vertical and horizontal lines).  Choose a distance from the board so that all, or almost all, cotton balls land on the board.  All members should toss from the same spot and try to hit the 0 or the vertical mid-line of the 0.  Use the lighter lines to approximate the (signed) horizontal distance each toss lands from the vertical line in the center of the board.  Use decimals to approximate between-line misses.  Continue until  50  cotton balls have been tossed.  These distances are called linear errors.  Be sure to record misses on the left side of the line as negative.





	Record the data in the table below:
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4.	Use an IBM compatible computer and X(Plore) to produce a histogram of your results.  Boot the computer, and insert your X(Plore) disk in the appropriate drive. Type  A:  at the prompt and press  Enter  to log onto the drive containing the program.  To start the program, type  xpl  and press  Enter.





	Type each of the following, pressing  Enter  after each:





		a= (-1,2.7,-3.2, (i.e., enter your 50+ data values separated by commas),-1.9)


					(Do not press enter until you have completed entry of all values in your list - the values will wrap to the lines below as necessary automatically.)





		histogram(a,-8,8,16)	The histogram is drawn, sorting the data in list  a  into 16 bars.  X(PLORE) divides the interval  (-8,8)  into  16  subintervals, computes the number of elements in list  a  contained in each subinterval, and plots the histogram of these numbers.  Outliers are included in the lowest and highest categories respectively.  Histogram is also a function;  it returns as its value a list (found on the bottom line of the screen under Last Result) of the frequencies or numbers of elements contained in each subinterval.





	a.	Describe, in words, the shape of the histogram.


























	b.	Print the histogram and attach it to your completed activity:  (To print the graph, with the graph showing, press  F2, press  P  to select (P)rint, and answer any questions about IBM or Epson printers appropriately.





	c.	What is the probability that a tossed cotton ball lands in the interval corresponding to your tallest bar?  Explain how you reach your conclusion.  







































































	d.	The probability that a randomly chosen cotton ball has hit between 0.5 and 3.5 is the fraction of total histogram area between 0.5 and 3.5.  From your histogram, estimate that probability.  Describe how you make your estimate.
























































5.	With your list  a  still in X(Plore), enter the following line:





		average(a) .





	The number that appears next to  ANS =  on the right hand side of the screen is the average or mean of the data (sum divided by number of values).





	Record the average of the values in list  a : ____________________





	Next, enter the following line:





		standev(a) .








	The number that now appears next to  ANS =  is the sample standard deviation of the data in list  a (i.e., the square root of the quotient of the sum of the squares of the differences of the values from the mean, and one less than the number of values).





	Record the sample standard deviation of your list of data here:______________________








The mean and standard deviation are statistics that measure the center and spread of the data's distribution.  We will use them briefly in this unit, and much more in statistics.





�
Activity 2:  The Normal Curve





In most old-fashioned introductory probability courses today, much time is spent learning to read tables and massaging numerical quantities to find probabilities associated with normal sample spaces.  We can use the calculus capabilities of X(Plore), even if  we've never had a day of calculus, to skip most of that.





Enter each of the lines in the input window below.  The part of each line after the  //  serves only to describe the purpose of each statement.





+������������������������X(PLORE) � Prentice Hall 1993�������������������������+


  F1 Help     F3 Mark Text    F5/F6 Output           F7 Save   F9  Last Graph    


  F2 Printer  F4 Insert Text  Ctrl�Q  Quit           F8 Load   F10 Subroutines   


  Insert      Radian          Ctrl�Enter  InsLine   sF8 Dir   sF10 Clear All     


�+���������������������Input����������������������������������Output������������  


  mean=10  //This line sets the mean.               ANS=                


  stdev=3  //This sets the standard deviation.                       


           //The next line computes the window                         


           //on the graph.                                              


  window(mean�3.1*stdev,mean+3.1*stdev,0,1/stdev)                       


           //The next line is the normal curve.                          


  f(z)=1/(stdev*sqrt(2*pi))*exp(�.5*((z�mean)/std                       


   ev)^2)                                                               


           //This one graphs the curve.                                 


  graph(f(z),z)                                                          


           //These find areas (i.e.probabilities)                       


           //Don't forget to look at ANS.                              


  integ(f(z),z=10,13)                                                   


  integ(f(z),z=4 to 16)                                              


           //For area (prob) without graphs:                            


  in(f(z),z=1,19)                                                              


+�����������������������Last Result���������������������������Memory Available�  


                                                                     142360      


+�����������������������������������������������������������Last Graph in Memory








(If a "low memory" warning appears, press  Enter  and shift F9 to store your graph on disk.)





1.	With the arrow keys, move the cursor (blinking dash) to the top line.  Use the delete key to remove the current value of the mean and standard deviation, and replace them with 0  and 1 respectively.  Remember to press Enter  with the cursor on each line to effect the changes you make.  Press  Enter  at each command line until the graph appears.  Enter  once more to return to the command screen.  Change the next command to read:





			integ(f(z), z=-1,1) .





	This will allow you to find the probability that a normally distributed phenomenon, called z, with mean = 0 and standard deviation = 1 has an outcome between -1 and +1.  Try it, and record the value below.  Next, use the procedure to compute the following probabilities, and to shade the corresponding areas under the curve.





	a.	Prob (-1 < z < 1) = _____________________





	b.	Prob (-2 < z < 2) = _____________________





	c.	Prob (-1.96 < z < 1.96) = ________________





	d.	Prob (-3 < z < 3) = ______________________





	e.	Prob (-2.33 < z < 2.33) = ________________





	f.	Prob (0 < z < 1.645) = ___________________





2.	Recalling that the total area under the curve is 1 (since the sum of all probabilities is 1), use your results in (1), the symmetry of the curve, and the concept of complement to find (without X(Plore)) each of the following.  Sketch the corresponding area.





	a.	Prob (0 < z < 1.96) = ______________








		� � EMBED PBrush  ��� �seq User_Box  \* Arabic  \h�





	b.	Prob (-2.33 < z) =  ______________








		� � EMBED PBrush  ��� �seq User_Box  \* Arabic  \h�














	c.	Find zc such that Prob (-zc < z < zc) = .95 :    zc = _________________








		� EMBED PBrush  ��� ��seq User_Box  \* Arabic  \h�








	d.	Find zc such that Prob (z < zc) = .05 :   zc = _____________________








		� EMBED PBrush  ��� ��seq User_Box  \* Arabic  \h�





3.	Change the window command to  window (-8,8,0,.5) .





	a.	Have X(Plore) draw graphs for the normal curves below*:





		mean = 0,  standard deviation = 2


		mean = 3,  standard deviation = 2


		mean = 5,  standard deviation = 2


		mean = -2, standard deviation = 2





	*Skip the window command, and you'll get all graphs on the same axes.


	b.	Describe the behavior of the curve as the mean changes.















































	c.	Invoke the window command to clear the graph and graph the normal curves below:





		mean = 0,  standard deviation = 1





		mean = 0,  standard deviation = 2





		mean = 0,  standard deviation = 3





		Describe the behavior of the curves as the standard deviation changes.









































�
Activity 3:  Cotton Balls, Revisited








Suppose you were to continue to throw cotton balls at the line on the poster board for many years.  The corresponding histogram would resemble a normal curve, if you used enough bars in its construction.  That normal curve can be plotted in X(Plore) simply by putting the mean and standard deviation (recorded in Activity 1, part 2) into the X(Plore) commands.  Try it and compute the following:





1.	What is the probability that your next cotton ball falls between the -1 and +3 lines on the board?


























2.	What is the probability that it falls to the right of the mean?























3.	What is the probability that it falls to the right of -2?























4.	What is the probability that it does not fall between -1 and 3?





�
Activity 4:  Be Creative








	Make up two probability problems that can be solved using the normal curve concepts from this unit.
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The Normal Distribution








The Normal Distribution
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