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7.1 – Margins of Error and Estimates 
 
What is estimation? 
 
 
 
 
A point estimate is a single value that has been calculated from sample data to estimate the 
unknown population parameter. 
 
 

Population Parameter Sample Statistic 
p  - Population Proportion p̂  - Sample Proportion 
µ  - Population Mean x  - Sample Mean 
σ  - Population Standard 
Deviation  s – Sample Standard Deviation 

 
 
Suppose we would like to make an estimate of a population parameter based on a sample statistic.  
A confidence interval is a range of possible values that is likely to contain the unknown population 
parameter that we are seeking.   
 



First, we must have a level of confidence.  Then, based on this level, we will compute a margin of 
error (we will discuss how to compute this in the next sections).  Last, we can say that we are --% 
confident that the true population parameter falls within our confidence interval. 
 
Formula for a confidence interval is:  sample statistic ±  margin of error 
 
Example (problem 11 from text): 
 
Suppose the heights of the population of basketball players at a certain college are in question.  A 
sample of size 16 is randomly selected from this population of basketball players and their heights 
are measured.  The average height is found to be 6.2 feet and the margin of error is found to be 
±0.4 feet.  If this margin of error was determined with a 95% confidence level, find and interpret 
the confidence interval. 
 
 
 
 
 
 
 
 
 
When we interpret the confidence level, what does this interpretation really mean? 
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1. Which of the following is not a valid confidence interval centered at 15? 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



7.2 - Confidence Interval for a Proportion 
 
Before any inferences can be made about a proportion, certain conditions must be satisfied: 

1. The sample must be an SRS from the population of interest. 
2. The population must be at least 10 times the size of the sample. 
3. The number of successes and the number of failures must each be at least 10 (both   np̂ ≥10  

and   n(1− p̂) ≥10 ). 
 
The sample statistic for a population proportion is p̂ , so based on the formula for a CI, we have 
p̂ ±margin of error   
 
How do we find the margin of error if it is not given to us?   
The margin of error is equal to the critical value (a number based on our level of confidence) and 
the standard deviation (or standard error when needed) of the statistic. 
 
Critical Value:  When the distribution is assumed to be normal, our critical value is found from the 
z table (or using invNorm on calculator or qnorm in R).  If it is not normal, we will use the t 
distribution (discussed later). 
 
Standard Deviation/Error:  When working with proportions, the standard deviation of the statistic   p̂  

is   p(1− p) / n .  Since p is unknown, we will use the standard error.  To calculate the standard 

error of   p̂ , use the formula   p̂(1− p̂) / n . 
 



Examples: 
In the first eight games of this year’s basketball season, Lenny made 25 free throws in 40 attempts.   

a. What is   p̂ , Lenny’s sample proportion of successes? 
b. Find and interpret the 90% confidence interval for Lenny’s proportion of free-throw success. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Sometimes we are asked to find the minimum sample size needed to produce a particular margin of 
error given a certain confidence level.  When working with a one-sample proportion, we can use 
the formula: 

ˆ ˆ(1 )* p
n

M zE p−=
  

 
Example: 
It is believed that 35% of all voters favor a particular candidate.  How large of a simple random 
sample is required so that the margin of error of the estimate of the percentage of all voters in favor 
is no more than 3% at the 95% confidence level? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Popper 16 
 

2. What is the z* for a 90% confidence interval? 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



7.3 - Confidence Interval for the Difference of Two Proportions 
 
The assumptions that need to be satisfied for a two-sample proportion are slightly different than 
those for a one-sample. 

1. Both samples must be independent SRSs from the populations of interest. 
2. The population sizes are both at least ten times the sizes of the samples. 
3. The number of successes and failures in both samples must all be  ≥10 . 

To make the comparison, we will need to find the difference of the two proportions,   p̂1 − p̂2 .  The 

standard error for this difference is 
  

p̂1 1− p̂1( )
n1

+
p̂2 1− p̂2( )

n2
.   So our formula for the confidence 

interval is: 
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Example: 
The National Research Council of the Philippines reported that 210 of 361 members in biology are 
women, but only 34 of 86 members in mathematics are women.  Establish a 96% confidence 
interval estimate of the difference in proportions of women in biology and mathematics in the 
Philippines.  Interpret your results. 
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3.  In an opinion poll, 35% of 200 people sampled said they were strongly opposed to the state 
lottery.  The standard error of the sample proportion is approximately 

 
 
 
 

4.  A bag of M&Ms was randomly selected from the grocery store shelf, and the color counts were: 
 

Construct a 95% confidence interval for the probability of a brown M&M. 
 

 
 
 

5.  The width of a confidence interval is dependent on the level of confidence. 
 
 

Brown 16 Red 11 Yellow  19 
Orange 5 Green 7 Blue 3 


