Statistics and Bioinformatics

Problem Set 6

Due in class, Tuesday, November 23

Exercises

1) For each of the following, describe the sampling distribution of the sample mean in terms of its shape, mean, and standard deviation.

a) A random sample of size n = 49 is obtained from a population with μ = 75 and σ = 14.  normal, mean = 14, standard deviation = 2

b) A random sample of size n = 100 is obtained from a population with μ = 40 and σ = 5. normal, mean = 40, standard deviation = 0.5

c) A random sample of size n = 10 is obtained from a population with μ = 5 and σ = 0.1. may not be normal, the sample size is small, mean = 5, standard deviation = 0.032

d) A random sample of size n = 30 is obtained from a population with μ = 412 and σ = 51.  probably normal, mean = 412, standard deviation =  9.31

e) A random sample of size n = 70 is obtained from a population with μ = 33 and σ = 3.  normal, mean = 33, standard deviation = 0.36

2) For each of the following, assume the true mean is not known, but the true standard deviation is as stated.  Calculate the 95% confidence interval for the true population mean μ.

a) A random sample of size n = 49 is obtained from a population with σ = 14.  The sample mean is calculated to be 76. (72, 79)

b) A random sample of size n = 100 is obtained from a population σ = 5.  The sample mean is calculated to be 38. (37.02, 38.98)

c) A random sample of size n = 10 is obtained from a population σ = 0.1.  The sample mean is calculated to be 4.9. (4.84, 4.96)

d) A random sample of size n = 30 is obtained from a population with σ = 51.  The sample mean is calculated to be 418. (400, 436)

e) A random sample of size n = 70 is obtained from a population with σ = 3.  The sample mean is calculated to be 34.3. (33.6, 35.0)

3) IQ scores for adults are normally distributed, with mean μ =100 and standard deviation σ = 15. If a random sample of 25 adults is selected, find the probability that the mean IQ of the sample will be less than or equal to 94. pnorm((94 - 100)/(15/sqrt(25))) = 0.0228

4) Suppose that scores on a national exam are normally distributed, with mean μ = 500 and σ = 100. If a random sample of 200 test takers is selected, find the  probability that the average score of the sample will be between 500 and 520. pnorm((520 - 500)/(100/sqrt(200))) - pnorm((500 - 500)/(100/sqrt(200))) = 0.498.

5) A local sandwich shop makes a cheese burek. Suppose that the amount of fat grams in the burek follow an unknown distribution, with mean μ = 20 grams and standard deviation σ = 1.5 grams. If you eat 30 of these bureks over a year, what is the probability that the total fat you have consumed from them is greater than 580 grams? 1 - pnorm((580-600)/sqrt(30*1.5^2)) = 0.993

6) A hotel owner has a hotel with 9 rooms, and a boiler that can give 80 minutes of hot water for the 9 showers.  Assume that the mean time that guests spend in the shower at his hotel is μ = 8 minutes, and the true standard deviation is σ = 3 minutes.  What is the probability that, if all 9 guests shower at the same time, the boiler will run out of hot water? 1 - pnorm((80-72)/sqrt(9*3^2)) = 0.187

Z scores

7) A Z score can be calculated for any sample statistic as follows:


[image: image1.emf]Z score=

observed statistic - expected statistic

true standard deviation of observed statistic


For each of the following, a Z test will answer the given question.  In each case, write down the equation for the appropriate Z score using only the variables (or values) stated.  Don't actually try to answer the question, just write the equation for Z that you would use to answer the question.

a) A coin is flipped n times, and it lands heads x times.  Is this result unusual if the coin were a fair coin? Z = (x - 0.5*n)/(0.5*0.5*n) 

b) A die is rolled n times, and it lands on 1 a total of x times.  Is this result unusual if the die were a fair die (each position has a probability of 1/6)? Z = (x - n/6)/(n*5/36) 

c) In a particular population of field mouse, n young are born and x are females.  Is this result unusual if the probability of female is 0.5? Z = (x -0.5*n)/(n*0.5*0.5) 

d) In a particular population of field mouse, n young are born and x are females.  Is this result unusual if the probability of female is 0.23? Z = (x -0.23*n)/(n*0.23*0.77)

e) In a particular binomial experiment, there are n trials and x successes.  Is this result unusual if the probability of a success is p? Z = (x - np)/(np(1-p))

f) A female's height in a particular university is x.  Is this unusual if the population mean is 169 cm and standard deviation is 8 cm? Z = (x - 169)/(8)

g) A random observation x is made.  Is this unusual if the population mean is  μ inches and standard deviation is σ? Z = (x - μ)/(σ)

h) The mean height of 10 females drawn randomly from a classroom is x inches.  Is this sample mean unusual if the population mean is 169 cm and standard deviation is 8 cm? Z = (x - 169)/(8/sqrt(10))

i) The mean height of n subjects drawn randomly is
[image: image2.emf]x

.  Is this sample mean unusual if the population mean height is μ inches and standard deviation of height is σ inches? Z = (
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 - μ)/(σ/sqrt(n))

j) The mean height of 10 males drawn randomly from a Zadar team is 
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.  The mean height of 20 males drawn randomly from a Zagreb team is 
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.  Is the difference between these two sample means unusual if the population means are the same and the population standard deviations are both 8 cm? Z = (
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- 0)/(sqrt(64/10 + 64/20))

k) In a national survey, the number of women who are in favor of Croatia entering the EU was x out of 400 women randomly sampled over the entire country.  Is this result unusual if the true proportion of Croatian women in favor of Croatia entering the EU is 50%?  Z = (x - 200)/sqrt(400*0.5*0.5).

2) For each of the questions above, state what quantity must be normally distributed in order for the Z statistic to be normally distributed.  In each case x or 
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 or  
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 must be normal. 

Z versus t distribution

a) Briefly describe the differences and similarities between a Z distribution and a t distribution (mean, standard deviation, symmetry). both have the same mean (0), are symmetrical, but the t has a higher standard deviation than the Z.

b) Why does the t distribution depend on the sample size, while the Z distribution does not?  because the denominator of the t is the sample standard deviation, which becomes closer to the true value as the sample size increases

c) Why would one need to use a t distribution rather than a Z distribution to determine whether an observed statistic is unusual?  because the probabilities are different for n less than about 30.

Use either Table B (p. 298) in the textbook or the R function qt()  to fill in the values 
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 in the table below.  Also fill in the degrees of freedom column.  Note that qt(0.975, 1) gives the t value for which 0.975 of the distribution is below that value, for a sample size of 2.  In other words, the tail of the distribution is 0.025, and both tails add to 0.05.

	Sample size n
	Degrees of freedom,

v = n-1
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 cbind(qt(0.975, c(1, 5, 10, 20, 50, 100, 200, 500, 1000)))

           [,1]

 [1,] 12.706205

 [2,]  2.570582

 [3,]  2.228139

 [4,]  2.085963

 [5,]  2.008559

 [6,]  1.983972

 [7,]  1.971896

 [8,]  1.964720

 [9,]  1.962339

Problems

Two-sample Z test

3) The mean IQ of a random sample of 100 women is 103, with a true standard deviation of 15.  The mean IQ of a random sample of 100 men is 98, with a true standard deviation of 15.  

a) Calculate the 95% confidence interval for the mean IQ for men and for women based on these samples. women: (100.1, 105.9); men: (95.1, 100.9)

b) Write the equation for the Z score necessary to answer the question: Is this result unusual if we assume that the mean IQ of men and women is the same? Z = (98-103)/(sqrt(15^2/100 + 15^2/100))

c) What is the tail probability of this Z score? pnorm((98-103)/(sqrt(15^2/100 + 15^2/100))) = 0.0092

d) Is this result unusual if we assume that the mean IQ of men and women is the same? yes unusual since 0.0092 < 0.025

4) In the above question, suppose the standard deviations were not the true values, but were computed from the samples.  Would your conclusions change? no, because the sample size is greater than 30 and the tail probability is not close to 0.025.
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