Chapter 7 Part 2 Notes
Section 7.2: The Central Limit Theorem for Sums
Suppose X is a random variable with a distribution that may be known or unknown (it can be any distribution). 
What notation will represent the mean and standard deviation?




What are the formulas for the distribution in this case?








The central limit theorem for sums says that if you keep drawing larger and larger samples and taking their sums, the sums form their own normal distribution (the sampling distribution), which approaches a normal distribution as the sample size increases. 
Example An unknown distribution has a mean of 90 and a standard deviation of 15. A sample of size 80 is drawn randomly from the population.
a. Find the probability that the sum of the 80 values (or the total of the 80 values) is more than 7,500.




b. Find the sum that is 1.5 standard deviations above the mean of the sums.
· 


Example In a recent study, it was reported that the mean age of iPad users is 34 years. Suppose the standard deviation is 15 years. The sample of size is 50. See the Excel spreadsheet. 
a. What are the mean and standard deviation for the sum of the ages of iPad users? What is the distribution?






b. Find the probability that the sum of the ages is between 1,500 and 1,800 years.









c. Find the 80th percentile for the sum of the 50 ages.







Example The mean number of minutes for app engagement by a tablet user is 8.2 minutes. Suppose the standard deviation is one minute. Take a sample of size 70.
a. What are the mean and standard deviation for the sums?







b. Find the 95th percentile for the sum of the sample. Interpret this value in a complete sentence.








c. Find the probability that the sum of the sample is at least ten hours.












Section 7.3: Using the Central Limit Theorem
· The Law of Large Numbers, along with the Central Limit Theorem, provides another critical piece of information to allow us to engage in inferential statistics. In short, the Law of Large Numbers proves that the expected value of the sampling distribution of the sample mean is the population mean:



·  Suppose you were to take a sample and calculate a sample mean. Then you take another sample, combine it with the previous sample, and calculate the sample mean of the combined sample. Then you repeat this process over and over, creating bigger and bigger samples and calculating a sample mean each time along the way. 
·  The sample means from larger and larger samples will get closer and closer to the population mean, μ. The proof of the Law of Large Numbers mathematically was perfected during a period of 20 years and was presented by Jacob Bernoulli in 1713.
There are three critical mathematical conclusions that flow from the Central Limit Theorem and the application of the Law of Large Numbers.


Example A manufacturer produces 25-pound lifting weights. The lowest actual weight is 24 pounds, and the highest is 26 pounds. Each weight is equally likely so the distribution of weights is uniform. A sample of 100 weights is taken.
a. What is the distribution for the weights of one 25-pound lifting weight? What is the mean and standard deviation?



b. What is the distribution for the mean weight of 100 25-pound lifting weights?



c. Find the probability that the mean actual weight for the 100 weights is less than 24.9.





Example Find the probability that the mean actual weight for the 100 weights is greater than 25.2.






Example Find the 90th percentile for the total weight of the 100 weights.



Example The average time to run the 5K fun run is 21 minutes and the standard deviation is 2.3 minutes. 14 runners are randomly selected to run the 5K fun run. Round all answers to 4 decimal places where possible and assume a normal distribution.
a. What is the distribution for  and 





b. If one randomly selected runner is timed, find the probability that this runner's time will be between 20.9779 and 21.6779 minutes.




c. For the 14 runners, find the probability that their average time is between 20.9779 and 21.6779 minutes.




d. Find the probability that the randomly selected 14 person team will have a total time less than 284.2




e. The top 20% of all 14 person team relay races will compete in the championship round. These are the 20% lowest times. What is the longest total time that a relay team can have and still make it to the championship round?





Using the Central Limit Theorem with Proportions
· If the random variable is discrete, such as for categorical data, then the parameter we wish to estimate is the population proportion.
·  The probability of drawing a success in any one random draw. 
·  Unlike the case just discussed for a continuous random variable where we did not know the population distribution of X's, here we actually know the underlying probability density function for these data; it is the binomial distribution. The random variable is X = the number of successes and the parameter we wish to know is p, the probability of drawing a success which is of course the proportion of successes in the population. 
· The question at issue is: from what distribution was the sample proportion,   drawn?
·  The sample size is n and X is the number of successes found in that sample. This is a parallel question that was just answered by the Central Limit Theorem: from what distribution was the sample mean,  , drawn? 
Explain how the Central Limit Theorem for Proportions with graphs. Summarize the Excel lab.



Explain how the formulas compare for the binomial distribution versus the sampling distribution of proportions:















Example A company inspects products coming through its production process, and rejects detected products. One-tenth of the items are rejected. If samples of 50 items are taken, what is the standard deviation of the mean of the sampling distribution of sample proportions?










Example Suppose that 4 out of 5 dentists recommend MintyFresh toothpaste. Suppose 149 dentists are sampled. 
a. Is the success-failure condition of the Central Limit Theorem satisfied?








b. From a sample of 149 dentists, how unusual would it be to have more than 125 of them recommend MintyFresh toothpaste? Use technology to compute the probability that, through random selection, one finds a sample proportion that is more than the proportion corresponding to 125 dentists.
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The central limit theorem for sums 


says that if you keep drawing larger and larger samples and taking their sums, 
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Find the sum that is 1.5 standard deviations above the mean of the sums.
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