Confidence Intervals

The standard deviation of a sampling distribution is called the standard error of the mean (basically they are measures of sampling variability or estimates of dispersion or spread). 

A standard error generally has a level of confidence associated with it. You use the standard error of the mean to determine how close to the true population mean you can expect your sample mean to be and how much confidence you can place in that expectation.

To reduce the amount of sampling variability you can make your sample larger and more homogeneous.

Example:
200 randomly selected High School students were asked how much money they spent on computer related purchases over the past week. The sample mean for the 200 students was $42.35. 

a) Did the selected students spend an average of $42.35 on computer purchases  last week?
b) What can be inferred by the result that the sample mean is $42.35?

c) How could you be more confident in the sample mean?


Solution: 

a) No. The 200 students selected may just happen to be bigger spenders than those who were not chosen. In fact, the average for all the students (the population mean) could be very different from the sample mean of $42.35. One can never know with absolute certainty even approximately what the population mean is. For instance, what if one student not polled happened to spend $10 million on computer purchases last week? The effect of including that student might be to raise the mean figure to over $1,000. 

b) The information can be used to suggest the probability of student spending trends but not with absolute certainty (unless the sample includes the entire population). 

c) By increasing the sample size, we can be more confident that the population mean lies "fairly close" to the sample mean we obtained. This idea of "confidence" as opposed to "certainty" is what is important to statisticians. 

Level of Confidence or Confidence Intervals


          
Confidence levels are used when two sets of data are being compared. A confidence level is the likelihood of obtaining a particular result by chance rather than due to a truly significant difference in the two sets of data. How well the sample statistic estimates the underlying population value is always an issue. A confidence interval addresses this issue because it provides a range of values which is likely to contain the population parameter of interest.
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A 95% confidence interval means that there is a 95% chance that the confidence interval contains the population mean. 
The standard normal distribution is sometimes called the Z distribution. A Z score always reflects the number of standard deviations a particular score is above or below the mean. 

If you are calculating a 95% confidence interval, then z = 1.96
If you are calculating a 90% confidence interval, then z = 1.645
If you are calculating a 99% confidence interval, then z = 2.56
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When a sample size is large, the confidence interval for the population mean is calculated using the formula: 
Confidence Intervals When σ (Population Standard Deviation) is Unknown
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In many situations, the population standard deviation is not known. With a large sample size (n ≥ 30) you can replace the σ with the sample standard deviation Sx and solve using the formula as an interval estimator. The margin of error can be determined once the standard deviation and the sample size are known. It represents a statistic expressing the amount of random sampling error in a 

survey's results.
Example 1:
A random sample of 100 teenagers was surveyed, and the mean number of DVD movies that they had rented in the past month was 9.4 with results considered accurate within 1.4, 18 times out of 20.

a) What % of confidence level are the results?

b) What is the margin of error?
c) What is the confidence interval? Explain.

Solution 1:
a) 18 out of 20 is a 90% confidence level  
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b) 1.4 (results accurate within 1.4)
c)     9.4 – 1.4 = 8         9.4 + 1.4 = 10.8

The confidence interval is from 8 to 10.8 movies rented last month. The margin of error (1.4) was added to find the high point and subtracted to find the low point.
Example 2:

With a sample size of 800, and a standard deviation of 4.3, what is the 90% confidence interval if the sample mean is 4.5?
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Solution 2:

                4.5 ± 1.645 
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   or 0.25

                                             4.5 – 0.25 =  4.25         4.5 + 0.25 = 4.75 

The confidence interval (at 90%) is from 4.25 to 4.75.
Exercises:

1) A random sample of size 125 is collected and the following is determined:

the sample mean is 521, sample standard deviation is 28. Determine a confidence interval of 95%.

2) In the group of 345 children surveyed, the sample mean was 11.3 and the standard deviation was 1.8. Find the 99% confidence interval for this data.

3) Determine a confidence level of 95% using the following information: Sample mean = 2.6     Standard deviation = 1.836    Sample size = 80

4) A Canadian record label wants to learn how internet downloads of music in  

Canada are affecting CD sales. They randomly choose 600 families in various parts of the country and count the number of individual songs that are downloaded in an hour. The sample mean was 3947 with a sample standard deviation of 104. Determine a 90% confidence interval for this data.

Solutions:
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1)     521 ± 1.96
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      or     521  ±  4.91       


                  521 – 4.91 = 516.09                 521 + 4.91 = 525.91         

The confidence interval (at 95%) is from 516.09  to  525.91     
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2)         11.3 ± 2.56 
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      or   11.3 ±  0.25

        


      11.3 – 0.25 = 11.04              11.3 + 0.25 = 11.56

The confidence interval (at 99%) is from 11.04 to 11.56.
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3) 2.6 ± 1.96 
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     or 2.6 ± 0.4
                                         2.6 – 0.4 = 2.2                 2.6 + 0.4 = 3        

The confidence interval (at 95%) is from 2.2  to  3     
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4)    3947 ± 1.645 
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    or        3947 ±  6.98

      3947 – 6.98 = 3940.02          3947 + 6.98 = 3953.98

The confidence interval (at 90%) is from 3940 to 3954 song downloads.
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