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Lecture 2

Estimating Single Population 
Parameters
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8.1  Point and Confidence Interval 
Estimates for a Population Mean

• Point Estimate
– A single statistic, determined from a sample, 

that is used to estimate the corresponding 
population parameter

• Sampling Error
– The difference between a measure (a 

statistic) computed from a sample and the 
corresponding measure (a parameter) 
computed from the population
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Confidence Interval

• An interval developed from sample values 
such that if all possible intervals of a given 
width were constructed, a percentage of 
these intervals, known as the confidence 
level, would include the true population 
parameter
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Point Estimates

• Population parameter can be estimated 
with sample statistic (point estimate)

8-4



 Copyright ©2014 Pearson Education, Inc. 8-5



 Copyright ©2014 Pearson Education, Inc.

• Standard Error
– A value that measures the spread of the 

sample means around the population mean

– The standard error is reduced when the 
sample size is increased
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Confidence Level
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Critical Value
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Confidence Interval Calculation
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Point estimate ± (Critical value)(Standard error)
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Critical Values for Confidence 
Levels
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Confidence Level Critical Value

80% Z = 1.28

90% Z = 1.645

95% Z = 1.96

99% Z = 2.575

Critical values can be found using the standard normal
table, or using Excel’s NORM.S.INV function
Critical values can be found using the standard normal
table, or using Excel’s NORM.S.INV function
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• Step 1: Define the population of interest and 
select a simple random sample of size n

• Step 2: Specify the confidence level

• Step 3: Compute the sample mean

• Step 4: Determine the standard error of the 
sampling distribution

• Step 5: Determine the critical value, z, from the 
standard normal table.

• Step 6: Compute the confidence interval estimate
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Margin of Error

• A measure of how close we expect the point estimate to 
be to the population parameter with the specified level of 
confidence

• Lowering the confidence level is one way to reduce the 
margin of error

• The margin of error can be reduced by increasing the 
sample size.
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Impact of Changing the Confidence 
Level - Example
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99% 90%

40.78 ± 3.24 40.78 ± 2.07

37.54                40.22 38.71                42.85
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• In most cases, if the population mean is 
unknown, the population standard deviation 
is unknown too

• This introduces extra uncertainty, since 
sample standard deviation varies from 
sample to sample

• Confidence interval estimation process 
needs to be modified
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Student’s t-Distribution
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Student’s t-Distribution
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The t-distribution is based on the assumption 
that the population is normally distributed
The t-distribution is based on the assumption 
that the population is normally distributed



 Copyright ©2014 Pearson Education, Inc.

Degrees of Freedom

• The number of independent data values available to 
estimate the population’s standard deviation. If k 
parameters must be estimated before the population’s 
standard deviation can be calculated from a sample of 
size n, the degrees of freedom are equal to n – k

• For example: 

– The sample mean is obtained from a sample of n 
randomly and independently chosen data values 

– Once the sample mean has been obtained, there are 
only n - 1 independent pieces of data information left 
in the sample
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Degrees of Freedom - Example

• Suppose that sample size n = 3 and sample 
mean is 12

• It implies that the sum of the data values is 36

• If x1 = 10 and x2 = 9 than x3 should be 17

• You are free to choose any two of the three data 
values before the remaining data value should 
be estimated (k = 1)

• Degrees of freedom = 3 – 1 = 2
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Degrees of Freedom and 
t-Distribution
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t
0

t-Distribution with d.f. = 5

t-Distribution with d.f. = 13
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t-Distribution Table Example
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How to Do It in Excel?
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1. Open file.
2. Select Data tab.
3. Select Data Analysis >
    Descriptive Statistics
    category.
4. Specify data range.
5. Define Output Location.
6. Check Summary
    Statistics.
7. Check Confidence Level
    for Mean: 95%.
8. Click OK.

1. Open file.
2. Select Data tab.
3. Select Data Analysis >
    Descriptive Statistics
    category.
4. Specify data range.
5. Define Output Location.
6. Check Summary
    Statistics.
7. Check Confidence Level
    for Mean: 95%.
8. Click OK.
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8.2 Determining the Required 
      Sample Size

• There are three conflicting objectives:
– High confidence level, a low margin of error, a 

small sample size:
• For a given sample size, a high confidence level will 

tend to generate a large margin of error

• For a given confidence level, a small sample size will 
result in an increased margin of error

• Reducing the margin of error requires either 
reducing the confidence level or increasing the 
sample size, or both
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z - Critical value for the specified confidence level
e - Desired margin of error
s - Population standard deviation

Example:                 Solution: 
1.Population mean should not exceed 30
2.Population standard deviation is 200
3.Confidence level is 95%   (z = 1.96)
4.Sample size = ?



 Copyright ©2014 Pearson Education, Inc.

• Step 1: Specify the desired margin of error

• Step 2: Determine the population standard 
deviation

• Step 3: Determine the critical value for the 
desired level of confidence

• Step 4: Compute the required sample size
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8.3 Estimating a Population 
      Proportion
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• Step 1: Define the population and variable of 
interest for which to estimate the population 
proportion

• Step 2: Determine the sample size and select a 
random sample that must be large enough

• Step 3: Specify the level of confidence and obtain 
the critical value from the standard normal 
distribution table

• Step 4: Calculate the sample proportion

• Step 5: Construct the interval estimate
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• A random sample of 100 people shows that 25 are left-handed. Define a 95% confidence interval for the true 

proportion of left-handers

• Sample proportion

• z-value for 95% confidence level

• Confidence interval    



 Copyright ©2014 Pearson Education, Inc.

Required Sample Size

• Changing the confidence level affects the 
interval width 

• Changing the sample size will affect the 
interval width 

• An increase in sample size will reduce the 
standard error and reduce the interval width 

• A decrease in the sample size will have the 
opposite effect
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Required Sample Size
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p - Population proportion
z - Critical value from standard normal 
     distribution for the desired confidence level
n - Sample size
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Sample Size Determination
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Sample Size Determination - 
Example
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• How large a sample would be necessary to estimate the true proportion defective in a large 
population within 3%, with 95% confidence? 
(Assume a pilot sample yields  p = 0.12)

• Sample size
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