MATH 243   LAB Continuous distributions

Name: _____________________ Date: ______________________

1. A bag of a certain brand of popcorn is placed in a microwave oven and the time it takes a kernel to pop is observed. Suppose that the time to pop, X, has a normal distribution with mean  = 115 seconds and a standard deviation  = 23 seconds. 

a. If a kernel of this brand of popcorn is selected at random, what is the probability that it will take more than 121 seconds to pop? Shade in an appropriate area under the given curve to indicate the required probability of P(X > 121)

. 


b. Use the normal probability distribution features of MINITAB to help find the probability. 

P(X > 121) = ______________________________

c. If a kernel of this brand of popcorn is selected at random, what is the probability that it will take less than 110 seconds to pop? Shade in an appropriate area under the given curve to indicate the required probability of P(X < 110).
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d. Use the normal probability distribution features of MINITAB to help find the probability. 

P(X < 110) = ______________________________

e. If a kernel of this brand of popcorn is selected at random, what is the probability that it will take between 100 seconds and 145 seconds to pop? Shade in an appropriate area under the given curve to indicate the required probability of P(100 < X < 145). 
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f. Use the normal probability distribution features of MINITAB to help find the probability. 

P(100 < X < 145) = ______________________________

1. The following data involve the forearm measurements in inches of 140 adult males Reference: Pearson, K. and Lee, A., 1903, On the Laws of Inheritance of Physical Characteristics, Biometrika, 2, pp. 357 ? 462. 

	17.3
	18.4
	20.9
	16.8
	18.7
	20.5
	17.9
	20.4
	18.3
	20.5

	19.0
	17.5
	18.1
	17.1
	18.8
	20.0
	19.1
	19.1
	17.9
	18.3

	18.2
	18.9
	19.4
	18.9
	19.4
	20.8
	17.3
	18.5
	18.3
	19.4

	19.0
	19.0
	20.5
	19.7
	18.5
	17.7
	19.4
	18.3
	19.6
	21.4

	19.0
	20.5
	20.4
	19.7
	18.6
	19.9
	18.3
	19.8
	19.6
	19.0

	20.4
	17.3
	16.1
	19.2
	19.6
	18.8
	19.3
	19.1
	21.0
	18.6

	18.3
	18.3
	18.7
	20.6
	18.5
	16.4
	17.2
	17.5
	18.0
	19.5

	19.9
	18.4
	18.8
	20.1
	20.0
	18.5
	17.5
	18.5
	17.9
	17.4

	18.7
	18.6
	17.3
	18.8
	17.8
	19.0
	19.6
	19.3
	18.1
	18.5

	20.9
	19.3
	18.1
	17.1
	19.8
	20.6
	17.6
	19.1
	19.5
	18.4

	17.7
	20.2
	19.9
	18.6
	16.6
	19.2
	20.0
	17.4
	17.1
	18.3

	19.1
	18.5
	19.6
	18.0
	19.4
	17.1
	19.9
	16.3
	18.9
	20.7

	19.7
	18.5
	18.4
	18.7
	19.3
	16.3
	16.9
	18.2
	18.5
	19.3

	18.1
	18.0
	19.5
	20.3
	20.1
	17.2
	19.5
	18.8
	19.2
	17.7


a. Use MINITAB to compute descriptive statistics for the data. 

Mean : ___________________________.

Median : ___________________________.

Mode : ___________________________.

Standard Deviation : ___________________________.

b. Compare the values of the mean and the median. Discuss. 

c. Construct a normal probability plot for the data set. Provide a hard copy of the output. 

d. From the plot, can you conclude whether the sample came from a normal distribution? Discuss. 

2. Use MINITAB to help find the required probabilities and shade in an appropriate area on the given normal curve. Also, indicate where the z-value is located on the horizontal axis. 

a. What is the value of P(Z > 1.72)? _

__________________________. 
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b. What is the value of P(Z  1.09)? 

___________________________ 
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c. What is the probability of a standard normal score being less than ?1.33? 

P(Z < -1.33): _______________________
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d. Find P(-2.03 < Z  -0.5). _

__________________________ 
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e. Find P(-1 < Z < 1).

 ____________________________. 
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.

f. Find P(-2 < Z < 2). ____________________________. 
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g. Find P(-3 < Z < 3). 

____________________________. 
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3. Based on your discussions in parts (e), (f), and (g) in problem number 3, postulate a general rule for normal or approximate normal distributions. Relate the rule to the proportion of values that will be between 1, 2, 3 standard deviations from the mean for any normal distribution. 

4. Many natural phenomena that humans observe are approximately normally distributed. Based on observations, it can be assumed that human intelligence is approximately distributed. The graph below illustrates the comparisons of the standard normal scores (z-scores) and the IQ scores. 
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a. What is the value of the mean IQ score from the graph? 
Mean: ___________________________. 

b. What is the value of the standard deviation for the IQ scores? 
Hint: A value of z = 1 corresponds to an IQ score, X, of 115 and [image: image11.png]


. You need to solve for . 
Standard deviation : ____________________________. 

c. If a person is chosen at random and tested, what is the probability of that person having an IQ score greater than 117. Use MINITAB to help find the probability. 

P(X > 117): _________________________(where X is the IQ score).

d. If a person is chosen at random and tested, what is the probability of that person having an IQ score less than 72. Use MINITAB to help find the probability. 

P(X < 72): _________________________ (where X is the IQ score).

e. If a person is chosen at random and tested, what is the probability of that person having an IQ score between 85 and 115. Use MINITAB to help find the probability. 

P(85 < X < 115): _________________________ (where X is the IQ score).

f. What IQ score will correspond to the 50th percentile. Use MINITAB to help find the percentile. 

50th Percentile IQ score: _________________________ (where X is the IQ score).

g. Use What IQ score will correspond to the 85th percentile. Use MINITAB to help find the percentile. 

85th Percentile IQ score: _________________________ (where X is the IQ score).

5. The following table (National Report) gives the 1998 Profile of College Bound Seniors. It shows the means and standard deviations for the SAT I Math scores for different ethnic groups. This data can be observed at http://www.collegeboard.org/sat/cbsenior/yr1998/nat/natbk298.html
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SAT I Test Takers Who Described Themselves as: | Male|Female Total Male [Female | Total
American Indian or Alaskan Native 499 | 468 [483 [107 | 97 [103
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Black or Afiican American 436 | 419 [a26 [101 | 94 [ o7
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SAT I Mean Scores and Standard Deviations for Males, Females, and Total by Ethnic Group

a. If a scholarship is available to students with SAT I math test scores above the 82nd percentile, what is the score needed for female students for the different groups to be eligible for the scholarship? 

	Ethnic Group
	82nd Percentile Scores

	American Indian or Alaskan Native
	

	Asian, Asian American, or Pacific Islander
	

	African American or Black
	

	Mexican or Mexican American
	

	Puerto Rican
	

	Latin American, South American, Central American, or Other Hispanic or Latino
	

	White
	

	Other
	


b. Would using the 82nd percentile scores for the different ethnic groups be appropriate to award scholarships for the female students in these groups? Discuss. 

7. The following data set summarizes the chest sizes of Scottish militiamen in the early 19th century. Chest sizes are measured in inches, and each observation reports the number of soldiers with that chest size. 

	Frequency, f
	Chest Size (inches)

	3
	33

	18
	34

	81
	35

	185
	36

	420
	37

	749
	38

	1073
	39

	1079
	40

	934
	41

	658
	42

	370
	43

	92
	44

	50
	45

	21
	46

	4
	47

	1
	48


Reference: http://lib.stat.cmu.edu/DASL/Datafiles/MilitiamenChests.html
a. Use MINITAB to help plot the information given on chest size. Let the vertical (y) axis represent the frequencies and the horizontal (x) axis represent the chest size. 

b. Describe the shape of the distribution for the chest sizes. 

c. What is the mean chest size for the data? 

Mean: _________________________.

Note: To enter the chest size values into MINITAB in a single column, we need to generate 3 values of 33, 18 values of 34, 81 values of 35, etc in separate columns and then stack them in one column. Use the sequence Calc Make Patterned Data Arbitrary Set of Numbers to generate the different sets of chest sizes. For instance, in order to generate 3 values of 33 in column C1, the following dialog box shows the appropriate entries.

Repeat for all other chest sizes and save in columns C2 to C16.
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Next stack the generated values in column C17 by selecting Manip Stack  Stack Columns and fill in the appropriate boxes in the dialog box as shown below. 
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This stack all the observed chest size values in column C17. Now descriptive statistics can be computed for all the chest sizes in column C17.

d. Present a normal probability plot for the values in C17. What can you infer about the data set from the plot? Discuss. 

e. If this data is considered as the population, what is the standard deviation for the chest size? 
Note: To compute the population standard deviation from the sample standard deviation given by the descriptive statistics in MINITAB, you need to multiply it by [image: image15.png]


. For this data set n = 5738.

Standard deviation ( X): _____________________________.

f. If this data is considered as the population, what is the probability that a randomly selected militiaman will have a chest size greater than 38 inches? 

Probability: _____________________________.

What assumption(s) are you making in computing the probability? Refer to parts (b) and (d). Discuss.
g. If this data is considered as the population, what is the probability that a randomly selected militiaman will have a chest size less than 44 inches? 

Probability: _____________________________.

Display the mean chest size and the value of the given chest size and shade the appropriate probability (area).
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h. If this data is considered as the population, what is the probability that a randomly selected militiaman will have a chest size between 36 inches and 43 inches? 

Probability: _____________________________.

Display the mean chest size and the values of the given chest size and shade the appropriate probability (area).

[image: image17.png]



8. Consider the following normal random variables (X) with the given means and standard deviations. 

	Mean

 
	Standard deviation,

 
	P( -  < X <  +  )
	P( - 2 < X <  + 2 )
	P( - 3 < X <  + 3 )

	100
	16
	 
	 
	 

	34
	3.5
	 
	 
	 

	8.3
	0.125
	 
	 
	 

	55
	5
	
	
	


a. Compute the probabilities that each variable will be between one, two, and three standard deviations from the respective means. 

b. What are your observations from these computed probabilities? Discuss. 
c. Try to generalize your observations in part (b) for any normal random variable. 

d. The Empirical Rule for any Normal Distribution with mean  and standard deviation . 

Approximately 68% of the observations will fall in the interval ( - 1,  + 1)

Approximately 95% of the observations will fall in the interval ( - 2,  + 2)

Approximately 99.7% of the observations will fall in the interval ( - 3,  + 3)

9. Suppose that the lifetime X of a randomly tested battery describes an exponential distribution having a mean life of 1200 hours. 
Note: An exponential distribution is positively skewed for a random variable X  0. The density function is given by 
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b. Use MINITAB to help display a graph of the density function for X over the interval [0, 5000]. Use Calc Make Patterned Data Simple Set of Numbers to store 0, 50, 100, 150, ?, 5000 in column C1 with the label Lifetime. The dialog box is shown below. 
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Next we need to generate exponential densities values for the generated values in column C1. To achieve this, select Calc Probability Distributions Exponential. Fill in the dialog box as shown below such that the densities are saved in column C2. Observe that we are using a mean of 1200.
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Next plot the values in C2 versus the values in C1. Let the values in C2 be along the vertical (Y) axis and the values in C1 be along the horizontal (X) axis. 

c. Next compute the cumulative probabilities for these exponential values and save in column C3. This can be achieved by selecting Calc Probability Distributions Exponential and filling in the dialog box as follows. Note that that column C3 has been renamed CumProb. 
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d. Use the cumulative probabilities in column C3 to determine the following percentages of batteries:

	Requested Percentages
	Percentages

	% that are expected to fail before 200 hours
	 

	% that are expected to fail before 2000 hours
	 

	% that are expected to fail after 500 hours
	

	% that are expected to fail after 1500 hours
	 

	% that are expected to fail between 500 and 1500 hours
	 

	% that are expected to fail between 1000 and 2000 hours
	 


10. This activity will investigate the normal approximation to the binomial distribution. 

Recall a binomial random variable X with parameters n and p has a 

· a mean [image: image22.png]


and 

· a standard deviation [image: image23.png]



where n is the number of trials in the binomial experiment and p is the constant probability of success for each trial.

Suppose that a normal random variable X* has the same mean and standard deviation as the binomial random variable.

MINITAB can be used to demonstrate that under certain minimal conditions, such as np > 5 and n(1 - p) > 5, the normal and the binominal distributions have very similar shapes and hence would indicate that the corresponding probabilities are approximately equal. The approximation gets better with increase n.

Also, a probability of the form [image: image24.png]


for the binomial distribution can be approximated by [image: image25.png]P(X" Zx,+08)



from the corresponding normal distribution.

Note: The 0.5 value that was added is called the continuity correction factor that is applied when converting from a discrete distribution to a continuous distribution.

A recent UCLA Center for Communication Policy found that 76% of all Internet users check their e-mails daily. Suppose that 200 Internet users are selected at random and let X represent the number of Internet users who check their e-mails daily.

Note: the mean  = 200 0.76 = 152 and the standard deviation [image: image26.png]o=+200x076x024 =60399




Let X* be a normal random variable with the same mean and standard deviation as above.

Note: Recall for the normal distribution, virtually all (99.7%) of the data values will be within 3 standard deviations of the mean. Thus, virtually all the values will be between 152 - 3 6.0399 = 133.8803 and 152 + 3 6.0399 = 170.1197. For all practical purposes, almost all the normal values will lie between 133 and 171.

· Use Calc Make Patterned Data Simple Set of Numbers to generate the integer values from 133 to 171 and save in column C1. Label C1 as x-values. 

· Use Calc Probability Distributions Binomial to compute the binomial probability values for C1 and save in column C2. Label as BinProb. 

· Use Calc Probability Distributions Normal to compute the normal probability densities for C1 and save in column C3. Label as NormProb. 

· Graph C1 versus C2 and C3 and use the Frame option in the Plot dialog box to superimpose the graphs on the same set of axes. Note: Plot with C1 along the horizontal (x) axis and C2 and C3 along the vertical (y) axis. 

· Provide a hard copy of the graph and discuss your observations. 

