Chapter 10:  Estimating Proportions With Confidence
A little Review:

Unit:  An individual person or object to be measured

Population:  The entire collection of units about which we would like information.  

Sample:  The collection of units we will actually measure.

Sample Size (n):  The number of units or measurements in the sample.

Population Proportion (p):  The fraction of the population that has a certain trait or characteristic.  

Sample Proportion (
[image: image1.wmf]p

^

):  The fraction of the sample that has a certain trait or characteristic.  

The Fundamental Rule for Using Data for Inference:  Available data can be used to make inferences about a much larger group if the data can be considered to be representative with regard to the question(s) of interest.

10.2 Margin of Error
Concentrate on the Meaning and the Wording.

*The difference between the sample proportion and the population proportion is less than the margin of error about 95% of the time.

*The difference between the sample proportion and the population proportion is more than the margin of error about 5% of the time.  

**We never know the actual amount of error in a particular estimate.**

Ex.  In a 2002 poll of Montana teenagers it was determined that only 23% of the 511 teenagers had received at least 8 hours of sleep the night before.  

The Margin of Error for this study is 
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What does the Margin of Error indicate about the difference between the sample estimate of 23% and the true percent of all Montana teens.  

For surveys of this size, the difference between the sample and population percents is likely to be less than 4.4%  (On either side of 23%).  But, there is still a chance that the difference between the sample and population percents is more than 4.4%.  

10.3  Confidence Intervals

Confidence Interval:  An interval of values computed from sample data that is likely to include the true population value.  
Ex.  “Based on this sample, we have 95% confidence that somewhere between 15% and 25% of Statistics students will receive an A in the course.  

Confidence Level:  The probability that the procedure used to determine the interval will provide an interval that includes the population parameter.  Not always 95%.

**Confidence Level describes Confidence in the Procedure we use to calculate the interval.  95% of the time the procedure will yield an interval with the true population value. 
Approximate 95% Confidence Interval
Sample Estimate +\- Margin of Error

Ex.  For the Montana Teens described earlier the 95% Confidence Interval would be:

23% +\- 4.4%  = (18.6, 27.4)
Interpretation:  95% of the time, the procedure we used to obtain the interval (18.6, 27.4) will contain the true population value.  

*It DOES NOT tell us the probability that a specific interval includes the population value.   

So we CAN say, we have 95% confidence that somewhere between 18.6% and 27.4% of all Montana teens get over 8 hours of sleep.  

Ex.  Newsweek performed a poll in which 567 American parents were asked the question, “Would you prefer to have your child taught by a male or female for grades K-2?”  Only 12% responded that they would prefer to have their child taught by a male in grades K-2.

a) Construct a 95% confidence interval for the poll.

M.O.E= 
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95% C.I. = (12-4.2, 12+4.2) =  ( 7.8, 16.2)
b) Interpret the results from above with a sentence.

With 95% confidence, we can say that somewhere between 7.8% and 16.2% of American parents would prefer to have their child taught by a male in grades K-2.  

c) Is there enough evidence to conclude that most Americans would prefer their child to be taught by a female in grades K-2?

1) The interval does not cover 50%, so it would seem that it is very likely that Americans prefer their child to be taught by a female in K-2.

2) However, we need more information.  Was there an option for ‘No Preference’.  If so, how many people chose that option.  
10.4  Calculating a Margin of Error for 95% Confidence

Recall that M.O.E. = 
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 is actually a conservative margin of error.  

*We actually have better methods we can use, specifically when we are measuring a proportion of the sample that has a particular trait.  

Better Estimate of Margin of Error for 95% Confidence Level:  (When Dealing with Sample Proportions)

Margin of Error = 
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Or equivalently:  M.O.E. = 2 * s.e.(
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Three Factors contribute to the M.O.E. Formula:

1. Sample Size:  As n increases, the margin of error decreases.  

2. Sample Proportion 
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:  If the proption is close to either 1 or 0 most individuals will have the same trait or opinion, so the margin of error is smaller because there is less variability.  

3. Multiplier 2:  Actually the true multiplier is 1.96 but we use 2 as an estimate for the 95% C.I.  

What Happens when 
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M.O.E. = 
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**So when 
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=0.5, The conservative margin of error is equal to our better estimate based on the sample proportion**

**For all other values of 
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, the conservative margin of error gives a higher estimate than the one based on the sample proportion 
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Ex.  Suppose that a new drug Xydenal is used to treat patients with lung cancer.  The treatment was successful on 134 of the 245 patients it was administered to.  Assume that these patients are representative of the population of individuals who have lung cancer.
a) Calculate the sample proportion successfully treated.


[image: image18.wmf]^

p

=134/245 = 0.547
b) Determine a 95% C.I. for the proportion successfully treated.  (Calculate M.O.E. using both the conservative estimate and the sample proportion estimate).  Write a sentence that interprets this interval.

M.O.E. = 
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 = 6.4%
Conservative M.O.E. = 
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= 6.4%
95% C.I. = (54.7% - 6.4%,  54.7% + 6.4%) 

        = (48.3%, 61.1%).

We can be 95% confident that somewhere between 48.3% and 61.1% of lung cancer patients will have successful treatment from the drug Xydenal.  

10.5 General Theory of Confidence Intervals for a Proportion:
*Sometimes, it is necessary to either decrease or increase our confidence level from 95%.  We can actually choose any confidence level in order to construct a Confidence Interval at that level (
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For any confidence interval level, whether it’s 95% or some other value, a confidence interval for either a population proportion or a population mean can be expressed as:

Sample Estimate  +/-  Multiplier * Standard Error

**The multiplier is affected by the choice of confidence level.**

Some Examples:

	Confidence Level (
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	Multiplier
	Confidence Interval

	90
	1.645 or 1.65
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	95
	1.96 or about 2
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	98
	2.33
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	99
	2.58
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Each of these multipliers is actually calculated from a normal curve.  90% of the data values under a normal curve will fall within +/- 1.65 standard errors away from the mean.  99% of the data values will fall within +/- 2.58 standard errors of the mean. Etc.  
In General:

A Confidence Interval for a population proportion can be calculated as:
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Where:  
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z*= The multiplier
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 is the standard error for the sample proportion.  

Ex.  A polling organization conducted a survey to estimate the proportion of Americans who regularly eat fast food (once a week).  They survey 575 Americans and find that 312 regularly eat fast food.
a) What is the sample proportion, 
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, of Americans who eat fast food regularly?
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=313/575 = .5426

b) What is the M.O.E. for the study?

M.O.E. = 
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c) Calculate a 90% C.I. for this sample proportion.

90% C.I. = 
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S.E. =
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=0.0208
90% C.I. = 0.5426 +/- 1.65*0.0208

90% C.I. = ( .50828, .57692)
d) Write a sentence to interpret the results.

We can be 90% confident that somewhere between 50.8% and 57.7% of all Americans eat fast food on a regular basis.  

e) Write an 80% C.I. for the sample proportion.

We aren’t given a multiplier so we must find it from the normal curve.

If 80% of values are to fall within z* and - z* that implies that 10% of the values will fall above z* and 10% will fall below - z*.  In addition, 90% of the values will fall below z*.

So, we need to look up 0.90 in the table and find the associated z-score.  

z=1.29

Therefore an 80% C.I. will be 
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80% C.I. = 0.5426 +/- 1.29*0.0208

80% C.I. = ( 0.5158, 0.569)
Conditions for Using The Confidence Interval Formula

1. The sample is a randomly selected sample from the population.

2. The normal curve approximation to the distribution of possible sample proportions assumes a ‘large’ same size.  You should check to make sure that both n
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 and n(1-
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10.6 Choosing a Sample Size for a Survey
	Sample Size n
	M.O.E. = 
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	100
	.10 (10%)

	400
	.05 (5%)

	625
	.04 (4%)

	1000
	.032 (3.2%)

	1600
	.025 (2.5%)

	2500
	.02 (2%)

	10,000
	.01 (1%)


1. As the sample size is increased the margin of error decreases.
2. When a large sample size is made even larger, the improvement in accuracy is relatively small.  Cutting the margin of error in half requires a four fold increase in sample size.  

Population Size does not effect M.O.E.  or the accuracy of the survey.  

10.7 Using Confidence Intervals to Guide Decisions
1. A value not in a confidence interval can be rejected as a possible value of the population proportion.  A value in a confidence interval is an ‘acceptable’ possibility for the value of a population proportion.

2. When the confidence intervals for proportions in two different populations do not overlap, it is reasonable to conclude that the two population proportions are different.  
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