Chapter 8 Part 2 Notes
Section 8.2: A Single Population Mean using the Student t Distribution
A Single Population Mean using the Student t Distribution
· In practice, we rarely know the population standard deviation, σ. 
· When the population standard deviation is unknown, we do not use the standard normal distribution. What is the name of the new distribution we will use?


· What is one of the big differences with this distribution?




· What is the notation for the Student's t-distribution (using T as the random variable)?



· With the Student's t-distribution, there is a t-score which has the same interpretation as the z-score. 
· A probability table for the Student's t-distribution is used to find the t-score, or we can just use Excel to look up these values.
· If the population standard deviation is not known, what is the formula for the error bound?



· tα/2 is the t-score with area to the right equal to α/2
· use df = n – 1 degrees of freedom, and
· s = sample standard deviation.
· What is the format for the confidence interval?




Example Suppose you do a study of acupuncture to determine how effective it is in relieving pain. You measure sensory rates for 15 subjects with the results given. Use the sample data to construct a 95% confidence interval for the mean sensory rate for the population (assumed normal) from which you took the data. See the class Excel spreadsheet. 
8.6; 9.4; 7.9; 6.8; 8.3; 7.3; 9.2; 9.6; 8.7; 11.4; 10.3; 5.4; 8.1; 5.5; 6.9









Example The Human Toxome Project (HTP) is working to understand the scope of industrial pollution in the human body. Industrial chemicals may enter the body through pollution or as ingredients in consumer products. In October 2008, the scientists at HTP tested cord blood samples for 20 newborn infants in the United States. The cord blood of the "In utero/newborn" group was tested for 430 industrial compounds, pollutants, and other chemicals, including chemicals linked to brain and nervous system toxicity, immune system toxicity, and reproductive toxicity, and fertility problems. There are health concerns about the effects of some chemicals on the brain and nervous system. The table shows how many of the targeted chemicals were found in each infant’s cord blood. See the Excel spreadsheet.
Use this sample data to construct a 90% confidence interval for the mean number of targeted industrial chemicals to be found in an in infant’s blood.
[image: Table 8.3
]



Example You are interested in finding a 95% confidence interval for the average commute that non-residential students have to their college. The data below show the number of commute miles for 14 randomly selected non-residential college students. Round answers to 3 decimal places where possible.
26	28	10	20	11	12	9	22	18	27	28	9	17	14
Which distribution should we use and why?



Find the 95% confidence interval for the population mean commute for non-residential college students:









 If many groups of 14 randomly selected non-residential college students are surveyed, then a different confidence interval would be produced from each group. What percent of these confidence intervals would contain the true population mean?





What percent would not contain the true population mean? 



Section 8.3: A Population Proportion
An Example Where We Would Be Interested in a Population Proportion
During an election year, we see articles in the newspaper that state confidence intervals in terms of proportions or percentages. For example, a poll for a particular candidate running for president might show that the candidate has 40% of the vote within three percentage points (if the sample is large enough). Often, election polls are calculated with 95% confidence, so, the pollsters would be 95% confident that the true proportion of voters who favored the candidate would be between 0.37 and 0.43: (0.40 – 0.03,0.40 + 0.03).
The procedure to find the confidence interval, the sample size, the error bound, and the confidence level for a proportion is similar to that for the population mean, but the formulas are different.
Confidence Intervals for Proportions
· While the formulas are different, they are based upon the same mathematical foundation given to us by the Central Limit Theorem. 
·  Because of this we will see the same basic format using the same three pieces of information: the sample value of the parameter in question, the standard deviation of the relevant sampling distribution, and the number of standard deviations we need to have the confidence in our estimate that we desire.
How Do You Know You Are Dealing with a Population Proportion?
· What is the underlying distribution?



· To form a proportion, take X, the random variable for the number of successes and divide it by n, the number of trials (or the sample size). The random variable p′ (read “p prime") is that proportion,  p′ = x/n
· (Sometimes the random variable is denoted as , , read “p hat".)
From the Binomial Distribution to the Normal Distribution (Review) 
· When n is large and p is not close to zero or one, we can use the normal distribution to approximate the binomial: 
· If we divide the random variable, the mean, and the standard deviation by n, we get a normal distribution of proportions with p’, called the estimated proportion, as the random variable. (Recall that a proportion as the number of successes divided by n.)
· 
· Below is the algebraic simplified form
· P′ follows a normal distribution for proportions:  

Explain some of the key differences for finding a confidence interval for a proportion versus what we did previously for confidence intervals for means: 







Confidence Intervals for Proportions
· What is the form of the confidence interval for a proportion?



· What other information do you need?








· How do you calculate the error bound for a proportion?



Error Bound Formula and Standard Deviation
· This formula is similar to the error bound formula for a mean, except that the "appropriate standard deviation" is different. For a mean, when the population standard deviation is known, the appropriate standard deviation that we use is
· For a proportion, the appropriate standard deviation is . However, in the error bound formula, we use  as the standard deviation, instead of 
· In the error bound formula, the sample proportions p′ and q′ are estimates of the unknown population proportions p and q. The estimated proportions p′ and q′ are used because p and q are not known. The sample proportions p′ and q′ are calculated from the data: p′ is the estimated proportion of successes, and q′ is the estimated proportion of failures.
· The confidence interval can be used only if the number of successes np′ and the number of failures nq′ are both greater than five.
Example Suppose that a market research firm is hired to estimate the percent of adults living in a large city who have cell phones. Five hundred randomly selected adult residents in this city are surveyed to determine whether they have cell phones. Of the 500 people surveyed, 421 responded yes - they own cell phones. Using a 95% confidence level, compute a confidence interval estimate for the true proportion of adult residents of this city who have cell phones.


Example For a class project, a political science student at a large university wants to estimate the percent of students who are registered voters. He surveys 500 students and finds that 300 are registered voters. Compute a 90% confidence interval for the true percent of students who are registered voters, and interpret the confidence interval.












“Plus Four” Confidence Interval for p
· There is a certain amount of error introduced into the process of calculating a confidence interval for a proportion. Because we do not know the true proportion for the population, we are forced to use point estimates to calculate the appropriate standard deviation of the sampling distribution. Studies have shown that the resulting estimation of the standard deviation can be flawed.
· Fortunately, there is a simple adjustment that allows us to produce more accurate confidence intervals. We simply pretend that we have four additional observations. Two of these observations are successes and two are failures. The new sample size, then, is n + 4, and the new count of successes is x + 2.
· Computer studies have demonstrated the effectiveness of this method. It should be used when the confidence level desired is at least 90% and the sample size is at least ten.


Example A random sample of 25 statistics students was asked: “Have you smoked a cigarette in the past week?” Six students reported smoking within the past week. Use the “plus-four” method to find a 95% confidence interval for the true proportion of statistics students who smoke.












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.
What is the error bound formula for a population proportion?








Solving for n gives you an equation for the sample size, write the formula: 


Example Suppose a mobile phone company wants to determine the current percentage of customers aged 50+ who use text messaging on their cell phones. How many customers aged 50+ should the company survey in order to be 90% confident that the estimated (sample) proportion is within three percentage points of the true population proportion of customers aged 50+ who use text messaging on their cell phones.



Putting It All Together 
Example A newsgroup is interested in constructing a 99% confidence interval for the proportion of all Americans who are in favor of a new Green initiative. Of the 504 randomly selected Americans surveyed, 390 were in favor of the initiative. Round answers to 4 decimal places where possible. Find the confidence interval.












Example Announcements for 84 upcoming engineering conferences were randomly picked from a stack of IEEE Spectrum magazines. The mean length of the conferences was 3.94 days, with a standard deviation of 1.28 days. Assume the underlying population is normal. Find the 95% confidence interval.



Example A pharmaceutical company makes tranquilizers. It is assumed that the distribution for the length of time they last is approximately normal. Researchers in a hospital used the drug on a random sample of nine patients. The effective period of the tranquilizer for each patient (in hours) was as follows: 2.7; 2.8; 3.0; 2.3; 2.3; 2.2; 2.8; 2.1; and 2.4.
2
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‘nervous system. Table 8.2 shows how many of the targeted chemicals were found in each infant’s cord blood.

79 [145]147[ 160] 116 100 159 151 ] 156] 126 ]
13783 |156]94 |121]144[123]114]139]99

Table 8.3





1


 


Copyright 2026 Dr. Jen Hill, DivideAndConquerMath.com


 


Chapter 


8


 


Part


 


2


 


No


tes


 


Section 8.


2: 


A Single Population Mean using the Student t Distribution


 


A Single Population Mean using the Student t Distribution


 


•


 


In practice, we rarely know the population 


standard deviation, 


σ


. 


 


•


 


When the population standard deviation is 


unknown


, we do not use the standard normal distribution. 


What is the name of the new distribution we will use?


 


 


 


•


 


What is one of the big differences with this distribution?


 


 


 


 


 


•


 


What is t


he notation for the Student's t


-


distribution (using 


T 


as the random variable)


?


 


 


 


 


•


 


With the 


Student's t


-


distribution


, there is a 


t


-


score which has the same interpretation as the 


z


-


score


. 


 


•


 


A probability table for the Student's t


-


distribution is used to find the 


t


-


score, or we can just use Excel to look 


up these values.


 


•


 


If the population standard deviation is not known


, 


what is the formula for the error bound?


 


 


 


 


•


 


t


α


/


2


 


is the t


-


score with area to the right equal to 


α/


2


 


•


 


use 


df 


= 


n 


–


 


1 degrees of freedom, and


 


•


 


s 


= sample standard deviation.


 


•


 


What is t


he format for the confidence interval


?


 


 


 


 


 




1   Copyright 2026 Dr. Jen Hill, DivideAndConquerMath.com   Chapter  8   Part   2   No tes   Section 8. 2:  A Single Population Mean using the Student t Distribution   A Single Population Mean using the Student t Distribution   •   In practice, we rarely know the population  standard deviation,  σ .    •   When the population standard deviation is  unknown , we do not use the standard normal distribution.  What is the name of the new distribution we will use?       •   What is one of the big differences with this distribution?           •   What is t he notation for the Student's t - distribution (using  T  as the random variable) ?         •   With the  Student's t - distribution , there is a  t - score which has the same interpretation as the  z - score .    •   A probability table for the Student's t - distribution is used to find the  t - score, or we can just use Excel to look  up these values.   •   If the population standard deviation is not known ,  what is the formula for the error bound?         •   t α / 2   is the t - score with area to the right equal to  α/ 2   •   use  df  =  n  –   1 degrees of freedom, and   •   s  = sample standard deviation.   •   What is t he format for the confidence interval ?          

