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Chapter 10:  Comparing Two Populations or Groups 
 

Objectives:  Students will:  

 Identify the conditions that need to be satisfied in order to do inference for comparing two population means. 

 Construct a confidence interval for the difference between two population means. 

 Perform a significance test for the difference between two population means. 

 Identify the conditions that need to be satisfied in order to do inference for comparing two population proportions. 

 Construct a confidence interval for the difference between two population proportions. 

 Perform a significance test for the difference between two population proportions. 

 

AP Outline Fit: 

IV. Statistical Inference: Estimating population parameters and testing hypotheses (30%–40%) 
A. Estimation (point estimators and confidence intervals) 

5. Large sample confidence interval for a difference between two proportions 

7. Confidence interval for a difference between two means 

B. Tests of significance 

3. Large sample test for a difference between two proportions 

5. Test for a difference between two means 

 

What you will learn: 

 

A. Recognition 

1. Determine whether a problem requires inference about comparing means or proportions. 

2. Recognize from the design of a study whether one-sample t, paired t, or two-sample t procedures are needed. 

B. Two-Sample t  Procedures 

1. Calculate and interpret a confidence interval for the difference between two means.  Use the two-sample t statistic 

with conservative degrees of freedom if you do not have statistical software.  Use the TI-83/84/89 or software if you 

have it. 

2. Test the hypothesis that two populations have equal means against either a one-sided or a two-sided alternative.  Use 

the two-sample t test with conservative degrees of freedom if you do not have statistical software.  Use the TI-

83/84/89 or software if you have it. 

3. Recognize when the two-sample t procedures are appropriate in practice. 

C. Comparing Two Proportions 

1. Use the two-sample z procedure to give a confidence interval for the difference 𝑝1 − 𝑝2 between proportions in two 

populations based on independent SRSs from the populations. 

2. Use a two-proportion z test to test the hypothesis 𝐻0: 𝑝1 = 𝑝2 that proportions in two distinct populations are equal. 

3. Check that you can safely use these z procedures in a particular setting. 

 

 

https://www.khanacademy.org/math/ap-statistics/two-sample-inference
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Section 10.1:  Comparing Two Proportions 
 

Objectives:  Students will: 

Describe the shape, center, and variability of the sampling distribution of �̂�1 − �̂�2 

Determine whether the conditions are met for doing inference about a difference between two proportions 

Construct and interpret a confidence interval for a difference between two proportions 

Calculate the standardized test statistic and P-value for a test about a difference between two proportions 

Perform a significance test about a difference between two proportions 

 

Vocabulary:  none new in this edition 

 

Standard error – also called the estimated standard deviation combines�̂�1and �̂�2 

Pooled (or combined) sample proportions – combines the separate values of �̂�1and �̂�2 into a single value 

 

Key Concepts: 

Lower Bound:                         

Upper Bound:

p1 and p2 are the sample proportions of the two samples

Note:  the same requirements hold as for the hypothesis testing

(p1 – p2)  – zα/2 · 

(p1 – p2)  + zα/2 · 

p1(1 – p1)         p2(1 – p2)
--------------- +  --------------

n1 n2

p1(1 – p1)         p2(1 – p2)
--------------- +  --------------

n1 n2

Confidence Interval – Difference in 

Two Proportions

 

Classical and P-Value Approach – Two Proportions

Test Statistic:

zα-zα/2 zα/2-zα

Critical Region

P-Value is the

area highlighted

|z0|-|z0|z0 z0

Reject null hypothesis, if

P-value < α

Left-Tailed Two-Tailed Right-Tailed

z0 < - zα

z0 < - zα/2

or

z0 >  zα/2

z0 >  zα

Remember to add the areas in the two-tailed!

where

x1 + x2
p = ------------

n1 + n2

p1 – p2

z0 = ---------------------------------

p (1- p) 1        1
--- +  ---
n1 n2

 

https://www.khanacademy.org/math/ap-statistics/two-sample-inference
https://www.khanacademy.org/math/ap-statistics/two-sample-inference#two-sample-z-interval-proportions
https://www.khanacademy.org/math/ap-statistics/two-sample-inference#two-sample-z-test-proportions
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Social Networks Example:  As part of the Pew Internet and American Life Project, researchers conducted two surveys in 

late 2009. The first survey asked a random sample of 800 U.S. teens about their use of social media and the Internet. A 

second survey posed similar questions to a random sample of 2253 U.S. adults. In these two studies, 73% of teens and 47% 

of adults said that they use social-networking sites.  

Use these results to construct and interpret a 95% confidence interval for the difference between the proportion of all U.S. 

teens and adults who use social-networking sites. 

 

• Parameter: 

 

 

• Conditions:   

 

SRS        

 

Independence 

 

Normality      

 

 

• Calculations: 

 

 

 

• Conclusion:  

 

 

 

 

 

Example 1:  A study of the effect of pre-school had on later use of social services revealed the following data. 

Population Description Sample Size Social Service Proportion 

1 Control 61 49 0.803 

2 Preschool 62 38 0.613 

Compute a 95% confidence interval on the difference between the control and Pre-school group proportions  

• Parameter: 

 

•  

• Conditions:   

 

SRS        

 

Independence 

 

Normality      

 

 

• Calculations: 

 

 

 

• Conclusion:  

 

 

 

https://www.khanacademy.org/math/ap-statistics/two-sample-inference
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Hunger Children Example:  Researchers designed a survey to compare the proportions of children who come to school 

without eating breakfast in two low-income elementary schools. An SRS of 80 students from School 1 found that 19 had not 

eaten breakfast. At School 2, an SRS of 150 students included 26 who had not had breakfast. More than 1500 students attend 

each school.  

Do these data give convincing evidence of a difference in the population proportions? Carry out a significance test at the α = 

0.05 level to support your answer. 

 

• Step 1:  Hypothesis 

H0: 

 

Ha: 

 

• Step 2:  Conditions 

SRS        

Independence 

 

Normality      

 

 

• Step 3:  Calculations 

 

Test Statistic: 

 

 

 

• Step 4:  Interpretation 

 

 

 

 

 

Example 2:  We have two independent samples.  55 out of a random sample of 100 students at one university are commuters.  

80 out of another random sample of 200 students at different university are commuters.  We wish to know of these two 

proportions are equal.  We use a level of significance α = .05  

 

• Step 1:  Hypothesis 

H0: 

 

Ha: 

 

• Step 2:  Conditions 

SRS        

Independence 

 

Normality      

 

 

• Step 3:  Calculations 

 

Test Statistic: 

 

 

 

• Step 4:  Interpretation 

 

 

 

 

https://www.khanacademy.org/math/ap-statistics/two-sample-inference
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Example 3:  A sports medicine researcher for a university wishes to estimate the difference between the proportion of male 

athletes and female athletes who consume the USDA’s recommended daily intake of calcium.  What sample size should he 

use if he wants to estimate to be within 3% at a 95% confidence level? 

a) if he uses a 1994 study as a prior estimate that found 51.1% of males and 75.2% of females consumed the 

recommended amount 

 

 

 

 

 

 

 

 

 

b) if he does not use any prior estimates  

 

 

 

 

 

 

 

 

 

 

Homework:   Problems 1, 5, 9, 15, 19, 21 

https://www.khanacademy.org/math/ap-statistics/two-sample-inference
https://savi-cdn.macmillantech.com/brightcove/index.html?videoId=5750016109001
https://savi-cdn.macmillantech.com/brightcove/index.html?videoId=5750016112001
https://savi-cdn.macmillantech.com/brightcove/index.html?videoId=5750016113001
https://savi-cdn.macmillantech.com/brightcove/index.html?videoId=5750016114001
https://savi-cdn.macmillantech.com/brightcove/index.html?videoId=5750016451001
https://savi-cdn.macmillantech.com/brightcove/index.html?videoId=5750016725001
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Section 10.2:  Comparing Two Means 
 

Objectives:  Students will: 

Describe the shape, center, and variability of the sampling distribution of �̅�1 − �̅�2 

Determine whether the conditions are met for doing inference about a difference between two means 

Construct and interpret a confidence interval for a difference between two means 

Calculate the standardized test statistic and P-value for a test about a difference between two means 

Perform a significance test about a difference between two means 

 

Vocabulary:  none new in this edition 

 

Pooled two-sample t statistic – assumes that the variances of the two sample are the same (we never use them)  

 

Key Concepts:   

Classical and P-Value Approach – Two Means

Test Statistic:

tα-tα/2 tα/2-tα

Critical Region

P-Value is the area highlighted

|t0|-|t0|t0 t0

Reject null hypothesis, if

P-value < α

Left-Tailed Two-Tailed Right-Tailed

t0 < - tα

t0 < - tα/2

or

t0 >  tα/2

t0 >  tα

Remember to add the areas in the two-tailed!

(x1 – x2) – (μ1 – μ2 ) 

t0 = -------------------------------
s1

2 s2
2

----- +  -----
n1 n2

 
2 Sample t-Test:  Degrees of Freedom:  Since we don’t know the standard deviations we use the t-distribution for our test 

statistic.  But we have a problem with calculating the degrees of freedom!  We have two options:  

• Let our calculator handle the complex calculations and tell us what the degrees of freedom are  

• Use the smaller of n1 – 1 and n2 – 1 as a conservative estimate of the degrees of freedom  

          

t-Test Statistic

• Since H0 assumes that the two population means are 

the same, our test statistic is reduce to:

• Similar in form to all of our other test statistics

Test Statistic:

(x1 – x2) 

t0 = -------------------------------
s1

2 s2
2

----- +  -----
n1 n2

                              

Confidence Intervals

Lower Bound:                         

Upper Bound:

tα/2 is determined using the smaller of n1 -1 or n2 -1 degrees of freedom

x1 and x2 are the means of the two samples

s1 and s2 are the standard deviations of the two samples

Note:  The two populations need to be normally distributed or the sample 

sizes large

(x1 – x2)  – tα/2 · 
s1

2 s2
2

----- +  -----
n1 n2

(x1 – x2)  + tα/2 · 
s1

2 s2
2

----- +  -----
n1 n2

PE � MOE

 

Sample Size Allowed Skewness Outliers ? Normality 

≥ 30 Any None From CLT:  distribution of �̅� is apx normal 

15 ≤ n < 30 Slight skewness only None From boxplot or normality plot 

n < 15 none None From boxplot or normality plot 

 

https://www.khanacademy.org/math/ap-statistics/two-sample-inference
https://www.khanacademy.org/math/ap-statistics/two-sample-inference#two-sample-t-interval-means
https://www.khanacademy.org/math/ap-statistics/two-sample-inference#two-sample-t-test-means
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Trees Example:  The Wade Tract Preserve in Georgia is an old-growth 

forest of longleaf pines that has survived in a relatively undisturbed state for 

hundreds of years. One question of interest to foresters who study the area is 

“How do the sizes of longleaf pine trees in the northern and southern halves 

of the forest compare?” To find out, researchers took random samples of 30 

trees from each half and measured the diameter at breast height (DBH) in 

centimeters. Construct and interpret a 90% confidence interval for the 

difference in the mean DBH for longleaf pines in the northern and southern 

halves of the Wade Tract Preserve. 

 
a) Test the claim  

 

• Step 1:  Parameter: 

 

 

 

• Step 2:  Conditions 

SRS        

 

 

Independence 

 

 

Normality      

 

 

 

• Step 3:  Calculations 

 

Test Statistic: 

 

 

 

 

 

• Step 4:  Interpretation 

 

 

 

  

https://www.khanacademy.org/math/ap-statistics/two-sample-inference
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Example 1:  Does increasing the amount of calcium in our diet reduce blood pressure?  Subjects in the experiment were 21 

healthy black men.  A randomly chosen group of 10 received a calcium supplement for 12 weeks.  The control group of 11 

men received a placebo pill that looked identical.  The response variable is the decrease in systolic (top #) blood pressure for 

a subject after 12 weeks, in millimeters of mercury.  An increase appears as a negative response.  Data summarized below 

Subjects  1 2 3 4 5 6 7 8 9 10 11 

Calcium  7 -4 18 17 -3 -5 1 10 11 -2 ---- 

Control  -1 12 -1 -3 3 -5 5 2 -11 -1 -3 

 

b) Calculate the summary statistics. 

 

 

c) Test the claim  

• Step 1:  Hypothesis 

H0: 

 

Ha: 

 

 

• Step 2:  Conditions 

SRS        

 

Independence 

 

Normality      

 

 

• Step 3:  Calculations 

Test Statistic: 

 

 

 

• Step 4:  Interpretation 

 

 

 

Who’s taller Example:  Based on information from the U.S. National Health and Nutrition Examination Survey 

(NHANES), the heights (in inches) of ten-year-old girls follow a Normal distribution N(56.4, 2.7). The heights (in inches) of 

ten-year-old boys follow a Normal distribution N(55.7, 3.8).  

A researcher takes independent SRSs of 12 girls and 8 boys of this age and measures their heights.  After analyzing the data, 

the researcher reports that the sample mean height of the boys is larger than the sample mean height of the girls. 

 

a) Describe the center, shape, and spread of the sampling distribution of x-barf – x-barm  

 

 

 

 

 

b)  Find the probability of getting a difference in sample means,  x-barf – x-barm , that is less than zero. 

 

 

 

 

 

c) Does the result in part (b) give us reason to doubt the researchers’ stated results? 

 

 

 

  

https://www.khanacademy.org/math/ap-statistics/two-sample-inference


Chapter 10:  Comparing Two Populations or Groups 

9 

 

Example 2:  The following data collected from two independently done simple random samples on average cell phone costs:  

Data Provider 1 Provider 2 

n 23 13 

x-bar 43.1 41.0 

s 4.5 5.1 

a) Test the claim that μ1 > μ2 at the α = 0.05 level of significance 

 

• Step 1:  Hypothesis 

H0: 

 

 

Ha: 

 

 

 

• Step 2:  Conditions 

 

SRS        

 

Independence 

 

Normality      

 

 

 

• Step 3:  Calculations 

 

Test Statistic: 

 

 

 

• Step 4:  Interpretation 

 

 

 

 

 

 

 

b) Construct a 95% confidence interval about μ1 - μ2  

 

 

 

 

 

 

 

 

 

 

 

Homework:  Problems 37, 41, 45, 51, 55, 57 

https://www.khanacademy.org/math/ap-statistics/two-sample-inference
https://savi-cdn.macmillantech.com/brightcove/index.html?videoId=5750016454001
https://savi-cdn.macmillantech.com/brightcove/index.html?videoId=5750016587001
https://savi-cdn.macmillantech.com/brightcove/index.html?videoId=5750014127001
https://savi-cdn.macmillantech.com/brightcove/index.html?videoId=5750016726001
https://savi-cdn.macmillantech.com/brightcove/index.html?videoId=5750019841001
https://savi-cdn.macmillantech.com/brightcove/index.html?videoId=5750019842001
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Section 10.3:  Comparing Two Means 
 

Objectives:  Students will: 

Analyze the distribution of differences in a paired data set using graphs and summary statistics 

Construct and interpret a confidence interval for a mean difference 

Perform a significance test about a mean difference 

Determine when it is appropriate to use paired t procedures versus two-sample t procedures 

 

Vocabulary:  none new in this edition 

 

Paired data – result from recording two values of the same quantitative variable for each individual or for each pair of 

similar individuals  

 

Key Concepts:   

Dependent (Matched Pairs) vs Independent Sample 

 

There are two ways that a statistical study involving a single quantitative variable can yield paired data: 

1. Researchers can record two values of the variable for each individual.  (experiment investigating whether music 

helps or hinders learning) 

2. The researcher can form pairs of similar individuals and record the value of the variable once for each individual. 

(observational study of identical twins’ IQ scores) 

 

 

Examples: 

 

Example 1:   

Does music help or hinder performance in math? Student researchers Abigail, Carolyn, and Leah designed an experiment 

using 30 student volunteers to find out. Each subject completed a 50-question single-digit arithmetic test with and without 

music playing. For each subject, the order of the music and no music treatments was randomly assigned, and the time to 

complete the test in seconds in seconds was recorded for each treatment. Here are the data, along with the difference in time 

for each subject: 

 
 

(a) Make a dotplot of the difference (Music – Without music) in time for each subject to complete the test. 

 

 

 

(b) Describe what the graph reveals about whether music helps or hinders math performance. 

 

 

 

 

(c) Calculate the mean difference and the standard deviation of the differences. Interpret the mean difference. 

 

 

https://www.khanacademy.org/math/ap-statistics/two-sample-inference
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Example 2:  The data from the random sample of identical twins are shown again in the following table. Construct and 

interpret a 95% confidence interval for the true mean difference in IQ scores among twins raised in high-income and low-

income households.  

 
 

Parameter: 

 

Conditions: 

 

 

 

 

 

Calculations: 

 

 

 

Interpretation: 

 

 

 

 

Example 3:  Researchers designed an experiment to study the effects of caffeine withdrawal. They recruited 11 volunteers 

who were diagnosed as being caffeine dependent to serve as subjects. Each subject was barred from coffee, colas, and other 

substances with caffeine for the duration of the experiment. During one 2-day period, subjects took capsules containing their 

normal caffeine intake. During another 2-day period, they took placebo capsules. The order in which subjects took caffeine 

and the placebo was randomized. At the end of each 2-day period, a test for depression was given to all 11 subjects. 

Researchers wanted to know whether being deprived of caffeine would lead to an increase in depression. he table displays 

data on the subjects’ depression test scores. Higher scores show more symptoms of depression. 

 
 

Hypotheses: 

 

 

Conditions: 

 

 

 

 

 

Calculations: 

 

 

 

Interpretation: 

 

 

 

 

https://www.khanacademy.org/math/ap-statistics/two-sample-inference
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Example 4:  In each of the following settings, decide whether you should use two-sample t procedures to perform inference 

about a difference in means or paired t procedures to perform inference about a mean difference. Explain your choice. 

 

a) Before exiting the water, scuba divers remove their fins. A maker of scuba equipment advertises a new style of fins 

that is supposed to be faster to remove. A consumer advocacy group suspects that the time to remove the new fins 

may be no different than the time required to remove old fins, on average. Twenty experienced scuba divers are 

recruited to test the new fins. Each diver flips a coin to determine if they wear the new fin on the left foot and the old 

fin on the right foot, or vice versa. The time to remove each type of fin is recorded for every diver. 

 

 

 

 

 

 

b) To study the health of aquatic life, scientists gathered a random sample of 60 White Piranha fish from a tributary of 

the Amazon River during one year. The average length of these fish was compared to a random sample of 82 White 

Piranha from the same tributary a decade ago. 

 

 

 

 

 

 

c) Can a wetsuit deter shark attacks? A researcher has designed a new wetsuit with color variations that are suspected 

to deter shark attacks. To test this idea, she fills two identical drums with bait and covers one in the standard black 

neoprene wetsuit and the other in the new suit. Over a period of one week, she selects 16 two-hour time periods and 

randomly assigns 8 of them to the drum in the black wetsuit. The other 8 are assigned to the drum with the new suit. 

During each time period, the appropriate drum is submerged in waters that sharks frequent and the number of times 

a shark bites the drum is recorded. 

 

 

 

 

 

 

 

Concept Summary: 

– Two sets of data are dependent when observations in one are paired with ones from another set of observations 

– The differences of the two means are used as a single data set and usually use a Student’s t-test  

– Only the difference data needs to be normally distributed 

– The overall process, other than the formula for the standard error, are the general hypothesis test and confidence 

intervals process 

 

 

Homework:  Problems 75, 79, 85, 91 

https://www.khanacademy.org/math/ap-statistics/two-sample-inference
https://savi-cdn.macmillantech.com/brightcove/index.html?videoId=5750019022001
https://savi-cdn.macmillantech.com/brightcove/index.html?videoId=5750019843001
https://savi-cdn.macmillantech.com/brightcove/index.html?videoId=5750014128001
https://savi-cdn.macmillantech.com/brightcove/index.html?videoId=5750020320001
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Chapter 10:  Review 
 

Objectives:  Students will be able to:   

 Summarize the chapter 

 Define the vocabulary used 

 Know and be able to discuss all sectional knowledge objectives 

 Complete all sectional construction objectives 

 Successfully answer any of the review exercises 

 

 Identify the conditions that need to be satisfied in order to do inference for comparing two population means. 

 Construct a confidence interval for the difference between two population means. 

 Perform a significance test for the difference between two population means. 

 Identify the conditions that need to be satisfied in order to do inference for comparing two population proportions. 

 Construct a confidence interval for the difference between two population proportions. 

 Perform a significance test for the difference between two population proportions. 

 

 

Vocabulary:  None new 

 

TI-83 Calculator Help: 

 2 Sample t-Test and Confidence Interval 

• If you have raw data: 

– enter data in L1 and L2 

• Press STAT, TESTS, select 2-SampT-Test 

– raw data: List1 set to L1, List2 set to L2 and freq to 1 

– summary data: enter as before 

– Set Pooled to NO 

– copy off t* value and the degrees of freedom 

 

– Confidence Intervals 

– follow hypothesis test steps, except select 2-SampTInt and input confidence level 

 

2 Sample Proportion Confidence Interval 

• Press STAT 

– Tab over to TESTS 

– Select 2-PropZInt and ENTER 

• Entry x1,           n1,           x2,           n2,           C-level  

• Highlight Calculate and ENTER 

– Read interval information off  

 

2 Sample Proportion Test 

• Press STAT 

– Tab over to TESTS 

– Select 2-PropZTest and ENTER 

• Entry x1,           n1,           x2,           n2  

• Highlight test type (p1≠ p2, p1<p2, or p2>p1) 

• Highlight Calculate and ENTER 

– Read z-critical and p-value off screen 

other information is there to verify 

• Classical:  compare Z0 with Zc (from table) 

• P-value:  compare p-value with α  

 

 

Homework:  none 

https://www.khanacademy.org/math/ap-statistics/two-sample-inference

