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9. Limit theorems. Sampling distribution.

The Law of Large Numbers

Let 
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The Central Limit Theorem

Let 
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The Sampling Distribution of the Sample Mean

· In real life calculating parameters of populations is often impossible because populations are very large.

· Rather than investigating the entire population, we take a “small” sample, calculate a statistic related to the parameter of interest, and then make an inference. 

· The sampling distribution of the statistic is the tool that tells us how close is the statistic to the parameter.

Properties of sample mean

Sample mean:
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3. If 
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 is normal, 
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 is normal. If 
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is non-normal then 
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 is approximately normally distributed for sufficiently large
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Sampling Distribution of a Proportion

· The parameter of interest for qualitative data is the proportion of times a particular outcome (success) occurs.

· To estimate the population proportion 
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 we use the sample proportion
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 is the number of successes in the sample, and 
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 is the sample size.

· The sampling distribution of 
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· In the case of the large 
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 we prefer to use normal approximation to the binomial distribution to make inferences about
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Normal approximation to the Binomial

Normal approximation to the binomial works best when

· the number of experiments (sample size) is large, and

· the probability of success, 
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, is close to 0.5.

For the approximation to provide good results: 


[image: image30.wmf]5

)

1

(

>

-

p

np


If
[image: image31.wmf]5

)

1

(

>

-

p

np

, then  


[image: image32.wmf]n

p

p

p

p

)

1

(

ˆ

-

-


has approximately standard normal distribution.

Continuity Correction Factor

Let 
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 has the binomial distribution
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is small (less than 30) we will use the following approximations:
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Sampling Distribution of the difference between two means

What is the sampling distribution of the difference between two sample means, when independent random samples are drawn from two normal populations? 

Let 
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Exercises p. 230: 4.88, 4.90, 4.92; p. 249: 4.116, 4.118, 4.120 

Homework 4.87, 4.89, 4.91, 4.117, 4.119
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Exercises

1. It was estimated that 15.4% of the United States population in 1995 had no health insurance. Find the probability that fewer than 70 of 400 randomly selected people will have no health insurance.

2. Using past data, an airline believes that 8% of the people who make reservations for a certain flight will not appear. The seating capacity for the flight is 300; the airline sells 315 tickets. What is the probability that everyone who shows up has a seat on the flight?

3. The heights (X) of players in a division of high school football teams are approximately normal with mean 71 inches and standard deviation 2.5 inches. Consider the distribution of sample means with sample size n = 100. 

(a) Find 
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(b) Find 
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(c) What percentage of sample means are larger than 70.5?

(d) What percentage of heights are more than 70.5?

4. The treatment time X of patients with an eye disease is approximately normal with mean 70 minutes and standard deviation 9 minutes. In parts (a) and (b), find the proportion of treatment times

(a) Less than 79 minutes 

(b) Between 58 and 82 minutes

For parts (c) and (d), assume that a sample of 36 treatment times is selected. Find the following.  

(c) P(67 < 
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 < 73) 

(d)  P(
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> 73)

6. A dairy claims that the mean amount in its milk containers is 128 ounces. Let X  be the number of ounces of milk per container, and assume that x is normally distributed with standard deviation 1 ounce. If the claim is true, what percentage of containers will have

(a) Less than 126 ounces? 

(b) More than 129 ounces?

(c) Between 127.5 and 130.5 ounces?

A random sample of 25 containers gave a sample mean of 127.4 ounces.

(d) Find P(
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< 127.4).

(e) Using part (d), do you think that there is evidence that the true mean is less than 128 ounces? Why?
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