Chapter 9:  Means and Proportions as Random Variables
Recall:  

Statistic:  A numerical value computed from a sample.  (Mean, Median, Standard Deviation)

Parameter:  A number associated with a population (fixed and unchanging numbers).  

 p is used to represent the proportion of a population that has a particular characteristic or trait.  
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 is used to represent the proportion of a sample that has the characteristic or trait of interest.  (# who have that trait/total in sample)  

Ex.  If we sample 100 freshman at UCD and find that there are 60 females, then 
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p

=0.60 is the proportion of males in the sample.  However, if we contact the Bursar’s Office and find that 58% of all freshman are female than p=0.58.

Sampling Distributions:  The distribution of possible values of a statistic for repeated samples of the same size from a population.  
Ex.  If we sampled random students from this class and surveyed them about last weeks alcohol consumption, the sample proportion would change based on different samples that we chose.  If we sampled several times we could see a pattern or distribution.

*When we are trying to infer something about a general population, there are many different possible samples that will result in different sample proportions.  

*We just need one.  

The Normal Curve Approximation Rule for Sample Proportions:
*Recall if X is a binomial random variable and n is large, then X is approximately a normal random variable.

Normal Curve Approximation Rule for Sample Proportions (Rule for Sample Proportions)
**Same is true for the proportion X/n.  Therefore, the sampling distribution of a sample proportion is approximately normal!!**

Can be applied in 2 different situations.

1. A random sample is taken from an actual population.

2. A binomial experiment is repeated numerous times.  

Let:

 p=population proportion of interest or binomial probability of success.
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p

=corresponding sample proportion or proportion of successes.  

*If numerous samples or repetitions of the same size n are taken, the distribution of possible values of 
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 is approximately a normal curve distribution with:

Mean = p

Standard Deviation = s.d.( 
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*This approximate normal distribution is called the sampling distribution of 
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.  

Ex.  A polling organization polls n=200 randomly selected registered voters in order to estimate the proportion of a large population that intends to vote for Candidate Z in the upcoming election.  Although it is not known by the polling organization, p=0.60 is the actual proportion of the population that prefers Candidate Z.

a) Give the numerical value of the mean of the sampling distribution of 
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.  

Mean =p=0.60

b)  Calculate the standard deviation of the sampling distribution of 
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Standard Deviation = s.d. (
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=0.035
c) Use the Empirical Rule to find values to fill in the blanks in the following sentence.  In about 95% of all randomly selected samples of n=200 from this population, the sample proportion preferring Candidate Z will be between ________ and _________.  
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Estimating the Population Proportion from a Single Sample Proportion

Often we take a large sample, without knowing anything about the larger population.  

*We can calculate how far apart the sample proportion and the true population proportion are likely to be…this information is contained in the standard deviation of 
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The standard deviation of 
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p

 can be estimated using the sample proportion 
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 in the formula above instead of p.  

*This is an estimated version of the standard deviation of 
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and we will call it the standard error of 
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Ex.  A random sample of 300 UCD students were surveyed and asked whether or not they use RTD public transportation.  207 responded yes.  

Therefore   
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p

=207/300=0.69   and n = 300.

The Standard Error =
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=0.0267.  

This represents the theoretical standard deviation of the sampling distribution for sample proportions based on a single sample.  

*Since the mean (which is the true proportion p) is likely within 3 standard deviations of the observed value 
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, then p is almost certainly within 
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p

(+/-) 3(s.e)= 0.69 (+/-) 3(.0267)   = .69 (+/-)0.0801
= (.6099, .7701)  

**Therefore the proportion of UCD students who utilize RTD transportation almost surely fall between .6099 and .7701.  

9.3:  What to Expect of Sample Means
*Sometimes we are interested in a sample mean as opposed to a sample proportion.  

Ex.  What is the mean height of people in MA 2830.  

Ex.  
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Conditions for Which the Normal Curve Approximation Rule for Sample Means Applies
1. The population of the measurements of interest is bell-shaped and a random sample of any size is measured.

2. The population of measurements of interest is not bell-shaped, but a large random sample is measured.  (30 is usually ‘large’).  

*If there are extreme outliers it is better to have a larger sample.  

*The Sample MUST be Random in order to apply the rule of sample means.  

The Normal Curve Approximation Rule for Sample Means:

Let 
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Mean for the population of interest.
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Standard deviation for pop. of interest.  
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If numerous random samples of the same size n are taken, the distribution of possible values of 
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 is approximately normal, with 

Mean = 
[image: image31.wmf]m


Standard Deviation = s.d.( 
[image: image32.wmf]x

__

) = 
[image: image33.wmf]n

s


The approximate normal distribution is called the sampling distribution of 
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 or the sampling distribution of the mean.  

**
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 is a measurement of variability among individual measurements within a population

** 
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 is a measure of variability among the sample means.  

Ex.  The weights of women in a particular age group have a mean of 
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 pounds and standard deviation of 
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 pounds.  

a) For a randomly selected sample of 15 women, what is the standard deviation of the sampling distribution of the possible sample means?  

s.d(
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b) For a randomly selected sample of 75 women, what is the standard deviation of the sampling distribution of the possible sample means?

s.d(
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c) In general, how does increasing the sample size affect the standard deviation of the sampling distribution of the possible sample means.  

Standard Error of the Mean
*We rarely know the population standard deviation, 
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, so the sample standard deviation, s, is used in its place as an estimate.  

s.e.( 
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This value estimates the theoretical standard deviation of the sampling distribution for sample means.  

Ex.  A randomly selected sample of n=40 individuals under 25 years old took a test on instant recall skills.  The sample mean is 
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=70 and the standard deviation is s=8.1.  Give the numerical value of the standard error of the mean.  

s.e.( 
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What if the sample was increased to 100?

s.e.( 
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 = 0.81
**Therefore, there is less variability among sample means for the larger sample sizes**

9.4:  Central Limit Theorem
If n is sufficiently large, the sample means of random samples from a population with mean 
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 and finite standard deviation 
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 are approximately normally distributed with mean 
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 and standard deviation 
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9.5:  Sampling Distribution for any Statistic.  

*Every statistic has a sampling distribution…but it may not always be normal.  

**In order to analyze these sampling distributions, we could take repeated samples (like we did in class) and then plot them as a relative frequency chart.  

Ex.  Suppose that a simple random sample for n=2 numbers will be randomly selected from the list of values 1, 3, 5, and 7.  
a) [image: image1.wmf]Ù
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List all of the possible outcomes and give H=highest number for each sample:

1, 3 

H=3

1, 5

H=5

1, 7

H=7

3, 5

H=5

3, 7

H=7

5, 7

H=7

b) Summarize the results into a table showing the sampling distribution of H.  

9.6:  Standardized Statistics:
*We have become well-acquainted with calculating z-scores where,
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*The resulting z-scores form a standard normal population with 
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*It will also be useful to transform raw sample statistics into a standardized version.  (So we would need information about the mean and standard deviation of the sampling distribution).  

Standardized z-Statistics for Sample Means and Proportions:

Sample Means:  
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Sample Proportions:  
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Example:  Based on past history, a car manufacturer knows that 10% (p=0.10) of all newly made cars have an initial defect.  In a random sample of n=100 recently made cars, 13%, (
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) have defects.  Find the value of the standardized statistic (z-score) for this sample proportion:
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Student’s t-Distribution:  Replacing 
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 with s
**Notice from above that in order to compute a standardized score for the sample mean 
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, we need to know the population standard deviation, 
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.  
*At best we can approximate 
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 with the sample standard deviation, s.  This would lead to an approximation of the standard deviation of 
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 with the standard error of 
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**For small samples, this is a problem as the approximation is off the mark.  

**Under these certain conditions the probability distribution will follow what is called the Student’s t-distribution or just the t-distribution.  

*A t-distribution still has a bell shape and is still centered at 0, however there is more probability in the extreme areas than for the standard normal curve.  

Degrees of Freedom (df):  Every t-distribution has an associated degree of freedom.  (Usually a function of the sample size).  

*For the sample mean approximation with the t-distribution, df = n-1.  

**As the degrees of freedom increase, the t-distribution gets closer to the normal distribution.  

**Therefore, the t-distribution with an infinite amount of degrees of freedom is identical to the standard normal curve.

**Also, if the degrees of freedom is large (usually over 100), the t-distribution resembles the normal curve.  

In Summary:  If a small random sample is taken from a normal population and the population standard deviation is unknown, we would compute the t-statistic as follows:
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This t-statistic will have df=n-1
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