Chapter 8 Part 1 Notes
Section 8.1: A Single Population Mean using the Normal Distribution
There are 3 main areas of statistics we cover in this class:
1. Descriptive Statistics 
2. Probability
3. Where we are now: Inferential Statistics 
An Introduction
· We use sample data to make generalizations about an unknown population. This part of statistics is called inferential statistics. 
· The sample data help us to make an estimate of a population parameter. 
· Recall that often it is impossible to get an exact population parameter so we use a sample to estimate it
· Population parameter: the population mean height of all students at a college
· We use sample data to get a sample mean instead
· Every sample we take will be a little different – so what is the best way to handle that? 
· The sample mean, , is the point estimate for the population mean, μ. Remember,  is called a statistic.
· The point estimate is not the exact value of the population parameter, but close to it. 
· After calculating point estimates, we construct interval estimates, called confidence intervals. The interval of numbers is a range of values calculated from a given set of sample data. The confidence interval is likely to include an unknown population parameter.
· For example: we might find that average height of students in our sample (now called the point estimate), but from that we create an interval of heights (this is the confidence interval). We have some level of confidence that the exact population parameter falls somewhere within the interval. 
In this chapter, you will learn to construct and interpret confidence intervals. You will also learn a new distribution, the Student's-t, and how it is used with these intervals.


Calculating the Confidence Interval
· To construct a confidence interval for a single unknown population mean μ, where the population standard deviation, σ, is known, we need  as an estimate for μ and we need the margin of error. 
· What information do we need to create a confidence interval?






· Here, the margin of error (EBM) is called the error bound for a population mean (abbreviated EBM). The margin of error (EBM) depends on the confidence level (abbreviated CL).
· What is the formula for the confidence interval? 




Example Suppose we have collected data from a sample. We know the sample mean but we do not know the mean for the entire population. Find the confidence interval. 
The sample mean is seven, and the error bound for the mean is 2.5.







How would we describe the confidence interval in a sentence? 


What is one possible formula for the error bound?






What does the error bound (EBM) depend on?






Explain how to find both  and how this relates to :






Explain how a Confidence Level of 95% will relate to the critical value, . Draw how to visualize this.




More on the Critical Value
· The critical value comes from the Empirical Rule, it is technically an estimated z-score
·  Confidence levels are referring to the area at the edges of the normal distribution 
·  Let’s see what these values would look like if we were to compute them in Excel using the norm.s.inv function that gives up z-scores
·  There are some common critical values are worth memorizing or putting on a notecard, otherwise your answers will be slightly off. If a different critical value is given, then you can safely use Excel to estimate that (for instance, if you wanted a 97% confidence interval). 
· The other part of the error bound formula:
EBM = (zα/2)(σ/)
· σ/ is not difficult because once again, σ is known, and we should know the sample size.
· But because of that piece, we do need to remember the central limit theorem:
 is normally distributed, that is,  ~ N(μX, σX/)
· Remember, either the X distribution is normal or there must be 30 in the sample size.
Writing the Interpretation of the Confidence Interval
· The interpretation should clearly state the confidence level (CL), explain what population parameter is being estimated (here, a population mean), and state the confidence interval (both endpoints). 
· What is the standard format to explain a confidence interval?







What are the steps to calculating a confidence interval when  is known? 














Example Suppose scores on exams in statistics are normally distributed with an unknown population mean and a population standard deviation of three points. A random sample of 36 scores is taken and gives a sample mean (sample mean score) of 68. Find a confidence interval estimate for the population mean exam score (the mean score on all exams).
Find a 90% confidence interval for the true (population) mean of statistics exam scores. 


Example The Specific Absorption Rate (SAR) for a cell phone measures the amount of radio frequency (RF) energy absorbed by the user’s body when using the handset. Every cell phone emits RF energy. Different phone models have different SAR measures. To receive certification from the Federal Communications Commission (FCC) for sale in the United States, the SAR level for a cell phone must be no more than 1.6 watts per kilogram. The table on the next slide shows the highest SAR level for a random selection of cell phone models as measured by the FCC. Find a 98% confidence interval for the true (population) mean of the Specific Absorption Rates (SARs) for cell phones. Assume that the population standard deviation is σ = 0.337. See the class Excel spreadsheet. 
[image: Table 8.1]







Example Suppose we change the first example by using a 95% confidence level. Find a 95% confidence interval for the true (population) mean statistics exam score.
Original example: Suppose scores on exams in statistics are normally distributed with an unknown population mean and a population standard deviation of three points. A random sample of 36 scores is taken and gives a sample mean (sample mean score) of 68. Find a confidence interval estimate for the population mean exam score (the mean score on all exams).
Find a 90% confidence interval for the true (population) mean of statistics exam scores. 









Example Leave everything the same except the sample size. Use the original 90% confidence level. What happens to the error bound if we decrease the sample size to n = 25 instead of n = 36?
Original example: Suppose scores on exams in statistics are normally distributed with an unknown population mean and a population standard deviation of three points. A random sample of 36 scores is taken and gives a sample mean (sample mean score) of 68. Find a confidence interval estimate for the population mean exam score (the mean score on all exams).
Find a 90% confidence interval for the true (population) mean of statistics exam scores. 


Working Backwards to Find the Error Bound or Sample Mean
When we calculate a confidence interval, we find the sample mean, calculate the error bound, and use them to calculate the confidence interval. However, sometimes when we read statistical studies, the study may state the confidence interval only. If we know the confidence interval, we can work backwards to find both the error bound and the sample mean.
· Finding the Error Bound
· From the upper value for the interval, subtract the sample mean,
· OR, from the upper value for the interval, subtract the lower value. Then divide the difference by two.
· Finding the Sample Mean
· Subtract the error bound from the upper value of the confidence interval,
· OR, average the upper and lower endpoints of the confidence interval.
· Notice that there are two methods to perform each calculation. You can choose the method that is easier to use with the information you know.
Example Suppose we know that a confidence interval is (67.18, 68.82) and we want to find the error bound. We may know that the sample mean is 68, or perhaps our source only gave the confidence interval and did not tell us the value of the sample mean.
· Calculate the Error Bound:
· If we know the sample mean is 68: 





· If we don’t know the sample mean: 


Example Suppose we know that a confidence interval is (67.18, 68.82) and we want to find the error bound. We may know that the sample mean is 68, or perhaps our source only gave the confidence interval and did not tell us the value of the sample mean.
· Calculate the Sample Mean:
· If we know the error bound: 






· If we don’t know the error bound: 







Calculating the Sample Size n
If researchers desire a specific margin of error, then they can use the error bound formula to calculate the required sample size.
Remember, the error bound formula for a population mean when the population standard deviation is known is: EBM = 
What is the formula to find a sample size? What does z correspond to? 


Example The population standard deviation for the age of Foothill College students is 15 years. If we want to be 95% confident that the sample mean age is within two years of the true population mean age of Foothill College students, how many randomly selected Foothill College students must be surveyed?









What are some commonly occurring critical values? You may want to write these down on a separate sheet of paper so you can easily reference them! 
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Phone Model SAR (PhoneModel  |SAR |Phone Model SAR
Apple iPhone 45 111 [LG Ay 136 |Pantech Laser 0.74
BlackBenry Pear1 8120[ 148 [LG AX275 134 |Samsung Character 05
BlackBerry Tour 9630 [1.43 | LG Cosmos 118 |Samsung Epic 4G Touch 04
Cricket TXTM8 13 |LGcusis 13 |Samsung M240 0.867
HP/Palm Centro 109 |LGTxCUS75 [126 |Samsung Messager Il SCH-R750|0.68
HTC One V 0455 |MotorolaQoh  [1.29 | Samsung Nexus S 051
HICTouchPro2 |14l |MotorolaRazr2 V8[0.36  |Samsung SGH-A227 113
Huawei M835 Ideos  [0.82 | Motorola Razr2 V9[0.52  |SGH-a107 GoPhone 03
KyoceraDuraPlus  [0.78  |Motorola V1955 |16 |Sony W350a 148
Kyocera K127 Marbl [1.25 | Nokia 1680 139 | T-Mobile Concord 138

Table 8.1

Find a 98% confidence interval for the true (population) mean of the Specific Absorption Rates (SARS) for cell
‘phones. Assume that the population standard deviation is 0'= 0.337.
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