
TOPIC: MULTIPLE COMPARISONS: BONFERRONI
The Bonferroni Test

◆ Recall: ANOVA compares 3+ means. If      is rejected, Post-hoc tests can tell you which means are different.

In an ANOVA test on mean weekly study time for different grade levels, 
you reject     : Students in grades 10-12 study for the same amount of time.
Determine which pair(s) of means are different with               .

EXAMPLE

HOW TO: Perform 
Bonferroni Test on TI-84

1) 

2)

EXAMPLE   
The table shows the weekly study times (in hours) from an independent, 
random sample of 10th-12th graders. Test the claim that students across these 
grades study on average for the same amount of time, using 𝛼𝛼 = 0.05. 
 

ONE-WAY ANOVA 
Performing One-Way ANOVA Using a TI-84 

◆ The calculations for ANOVA are very complicated, so use technology to perform ANOVA tests. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

𝐻𝐻0:  
𝐻𝐻𝑎𝑎: 

Because 𝑃𝑃-value [ < | > ] 𝛼𝛼, we [ REJECT | FAIL TO REJECT ] 𝐻𝐻0. 

There is [ ENOUGH | NOT ENOUGH ] evidence to suggest that at least one 

grade has a significantly different mean study time. 

1)   , 1:Edit…  

Enter data in L1, L2, L3, …  

2)  ,       TESTS 

H:ANOVA( 

3) Enter lists, separated by commas 

ANOVA(L1, L2, L3, …)  

 

HOW TO: Perform ANOVA 
on TI-84 

 

Grade Weekly Study Times (hrs) 
10 3 4 4 2 1 0 3 6 5 2 
11 4 5 6 3 7 8 2 3 1 4 
12 7 5 8 3 6 7 8 5 9 2 

 
Random Samples? ☐
Independent Samples? ☐

Groups Have Approx. Norm. Dist.? ☐
Groups Have Approx. Same Variance? ☐

𝐹𝐹 =  _____ 
𝑃𝑃-value = _______ 
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EXAMPLE   

In an ANOVA test on mean weekly study time for different grade levels, 
you reject 𝐻𝐻0: Students in grades 10-12 study for the same amount of 
time. Determine which pair(s) of means are different with 𝛼𝛼 = 0.05. 

MULTIPLE COMPARISONS: TUKEY 
Tukey Test 

◆ ANOVA compares 3+ means. If 𝐻𝐻0 is rejected, Post-hoc tests can tell you which means are different.  

    ▪ Post-Hoc Tests, like Tukey, test __________ of means against each other. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

𝑞𝑞0 = 𝑥𝑥ҧ2 − 𝑥𝑥ҧ1
ට𝑠𝑠2

𝑛𝑛

 

𝑠𝑠2 = MSE from one-way ANOVA 
 

New 

1) Verify: ANOVA 𝐻𝐻0 was rejected? ☐

2) Crit. Val.: Studentized Range 𝑞𝑞-table 
𝑑𝑑𝑑𝑑 =  𝑁𝑁 − 𝑘𝑘 

𝑁𝑁 = # of total obs.   𝑘𝑘 = # of groups 

3) Get MSE from ANOVA readout  
One-way ANOVA 
  Error 

MS=  

For each pair of groups: 

4) 𝐻𝐻0: 𝜇𝜇1 = 𝜇𝜇2,      𝐻𝐻𝑎𝑎: 𝜇𝜇1 ≠ 𝜇𝜇2 

5) Test Statistic: 𝑞𝑞0 

6) Interpret: Compare 𝑞𝑞0 & Crit. Val. 

HOW TO: Perform Tukey 
Test 

 

𝐻𝐻0:  
𝐻𝐻𝑎𝑎: 

𝑞𝑞0 [ > | < ] Crit. Val. 

[ REJECT | FTR ] 𝐻𝐻0.  

𝑞𝑞0 =  
 

10th & 11th Grade 10th & 12th Grade 11th & 12th Grade 

𝑁𝑁 = _______ 𝑘𝑘 = ______  
𝑑𝑑𝑑𝑑 = ________ Critical Value = _______ 

MSE = _______ 

𝐻𝐻0: 𝜇𝜇11 = 𝜇𝜇12  

𝐻𝐻𝑎𝑎: 𝜇𝜇11 ≠ 𝜇𝜇12 

𝐻𝐻0: 𝜇𝜇10 = 𝜇𝜇12   

𝐻𝐻𝑎𝑎: 𝜇𝜇10 ≠ 𝜇𝜇12  

𝑞𝑞0 [ > | < ] Crit. Val. 

[ REJECT | FTR ] 𝐻𝐻0.  

𝑞𝑞0 [ > | < ] Crit. Val. 

[ REJECT | FTR ] 𝐻𝐻0.  

Grade 10 11 12 
Study Time 3 4.3 6 
Sample Size 10 10 10 

 

𝑞𝑞0 =  𝑞𝑞0 =  
−

ට(             )
 

−

ට(4.448
10 )

 
−

ට(4.448
10 )

 

▶  Post-Hoc Tests, like Bonferroni, test ____________ of means against each other.
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time. Determine which pair(s) of means are different with 𝛼𝛼 = 0.05. 

MULTIPLE COMPARISONS: TUKEY 
Tukey Test 

◆ ANOVA compares 3+ means. If 𝐻𝐻0 is rejected, Post-hoc tests can tell you which means are different.  

    ▪ Post-Hoc Tests, like Tukey, test __________ of means against each other. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

𝑞𝑞0 = 𝑥𝑥ҧ2 − 𝑥𝑥ҧ1
ට𝑠𝑠2

𝑛𝑛

 

𝑠𝑠2 = MSE from one-way ANOVA 
 

New 

1) Verify: ANOVA 𝐻𝐻0 was rejected? ☐

2) Crit. Val.: Studentized Range 𝑞𝑞-table 
𝑑𝑑𝑑𝑑 =  𝑁𝑁 − 𝑘𝑘 

𝑁𝑁 = # of total obs.   𝑘𝑘 = # of groups 

3) Get MSE from ANOVA readout  
One-way ANOVA 
  Error 

MS=  

For each pair of groups: 

4) 𝐻𝐻0: 𝜇𝜇1 = 𝜇𝜇2,      𝐻𝐻𝑎𝑎: 𝜇𝜇1 ≠ 𝜇𝜇2 

5) Test Statistic: 𝑞𝑞0 

6) Interpret: Compare 𝑞𝑞0 & Crit. Val. 

HOW TO: Perform Tukey 
Test 

 

𝐻𝐻0:  
𝐻𝐻𝑎𝑎: 

𝑞𝑞0 [ > | < ] Crit. Val. 

[ REJECT | FTR ] 𝐻𝐻0.  

𝑞𝑞0 =  
 

10th & 11th Grade 10th & 12th Grade 11th & 12th Grade 

𝑁𝑁 = _______ 𝑘𝑘 = ______  
𝑑𝑑𝑑𝑑 = ________ Critical Value = _______ 

MSE = _______ 

𝐻𝐻0: 𝜇𝜇11 = 𝜇𝜇12  

𝐻𝐻𝑎𝑎: 𝜇𝜇11 ≠ 𝜇𝜇12 

𝐻𝐻0: 𝜇𝜇10 = 𝜇𝜇12   

𝐻𝐻𝑎𝑎: 𝜇𝜇10 ≠ 𝜇𝜇12  

𝑞𝑞0 [ > | < ] Crit. Val. 

[ REJECT | FTR ] 𝐻𝐻0.  

𝑞𝑞0 [ > | < ] Crit. Val. 

[ REJECT | FTR ] 𝐻𝐻0.  

Grade 10 11 12 
Study Time 3 4.3 6 
Sample Size 10 10 10 

 

𝑞𝑞0 =  𝑞𝑞0 =  
−

ට(             )
 

−

ට(4.448
10 )

 
−

ට(4.448
10 )

 

EXAMPLE   

In an ANOVA test on mean weekly study time for different grade levels, 
you reject 𝐻𝐻0: Students in grades 10-12 study for the same amount of 
time. Determine which pair(s) of means are different with 𝛼𝛼 = 0.05. 

MULTIPLE COMPARISONS: TUKEY 
Tukey Test 

◆ ANOVA compares 3+ means. If 𝐻𝐻0 is rejected, Post-hoc tests can tell you which means are different.  

    ▪ Post-Hoc Tests, like Tukey, test __________ of means against each other. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

𝑞𝑞0 = 𝑥𝑥ҧ2 − 𝑥𝑥ҧ1
ට𝑠𝑠2

𝑛𝑛

 

𝑠𝑠2 = MSE from one-way ANOVA 
 

New 

1) Verify: ANOVA 𝐻𝐻0 was rejected? ☐

2) Crit. Val.: Studentized Range 𝑞𝑞-table 
𝑑𝑑𝑑𝑑 =  𝑁𝑁 − 𝑘𝑘 

𝑁𝑁 = # of total obs.   𝑘𝑘 = # of groups 

3) Get MSE from ANOVA readout  
One-way ANOVA 
  Error 

MS=  

For each pair of groups: 

4) 𝐻𝐻0: 𝜇𝜇1 = 𝜇𝜇2,      𝐻𝐻𝑎𝑎: 𝜇𝜇1 ≠ 𝜇𝜇2 

5) Test Statistic: 𝑞𝑞0 

6) Interpret: Compare 𝑞𝑞0 & Crit. Val. 

HOW TO: Perform Tukey 
Test 

 

𝐻𝐻0:  
𝐻𝐻𝑎𝑎: 

𝑞𝑞0 [ > | < ] Crit. Val. 

[ REJECT | FTR ] 𝐻𝐻0.  

𝑞𝑞0 =  
 

10th & 11th Grade 10th & 12th Grade 11th & 12th Grade 

𝑁𝑁 = _______ 𝑘𝑘 = ______  
𝑑𝑑𝑑𝑑 = ________ Critical Value = _______ 

MSE = _______ 

𝐻𝐻0: 𝜇𝜇11 = 𝜇𝜇12  

𝐻𝐻𝑎𝑎: 𝜇𝜇11 ≠ 𝜇𝜇12 

𝐻𝐻0: 𝜇𝜇10 = 𝜇𝜇12   

𝐻𝐻𝑎𝑎: 𝜇𝜇10 ≠ 𝜇𝜇12  

𝑞𝑞0 [ > | < ] Crit. Val. 

[ REJECT | FTR ] 𝐻𝐻0.  

𝑞𝑞0 [ > | < ] Crit. Val. 

[ REJECT | FTR ] 𝐻𝐻0.  

Grade 10 11 12 
Study Time 3 4.3 6 
Sample Size 10 10 10 

 

𝑞𝑞0 =  𝑞𝑞0 =  
−

ට(             )
 

−

ට(4.448
10 )

 
−

ට(4.448
10 )

 

Verify: ANOVA      was rejected?

EXAMPLE   

In an ANOVA test on mean weekly study time for different grade levels, 
you reject 𝐻𝐻0: Students in grades 10-12 study for the same amount of 
time. Determine which pair(s) of means are different with 𝛼𝛼 = 0.05. 

MULTIPLE COMPARISONS: TUKEY 
Tukey Test 

◆ ANOVA compares 3+ means. If 𝐻𝐻0 is rejected, Post-hoc tests can tell you which means are different.  

    ▪ Post-Hoc Tests, like Tukey, test __________ of means against each other. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

𝑞𝑞0 = 𝑥𝑥ҧ2 − 𝑥𝑥ҧ1
ට𝑠𝑠2

𝑛𝑛

 

𝑠𝑠2 = MSE from one-way ANOVA 
 

New 

1) Verify: ANOVA 𝐻𝐻0 was rejected? ☐

2) Crit. Val.: Studentized Range 𝑞𝑞-table 
𝑑𝑑𝑑𝑑 =  𝑁𝑁 − 𝑘𝑘 

𝑁𝑁 = # of total obs.   𝑘𝑘 = # of groups 

3) Get MSE from ANOVA readout  
One-way ANOVA 
  Error 

MS=  

For each pair of groups: 

4) 𝐻𝐻0: 𝜇𝜇1 = 𝜇𝜇2,      𝐻𝐻𝑎𝑎: 𝜇𝜇1 ≠ 𝜇𝜇2 

5) Test Statistic: 𝑞𝑞0 

6) Interpret: Compare 𝑞𝑞0 & Crit. Val. 

HOW TO: Perform Tukey 
Test 

 

𝐻𝐻0:  
𝐻𝐻𝑎𝑎: 

𝑞𝑞0 [ > | < ] Crit. Val. 

[ REJECT | FTR ] 𝐻𝐻0.  

𝑞𝑞0 =  
 

10th & 11th Grade 10th & 12th Grade 11th & 12th Grade 

𝑁𝑁 = _______ 𝑘𝑘 = ______  
𝑑𝑑𝑑𝑑 = ________ Critical Value = _______ 

MSE = _______ 

𝐻𝐻0: 𝜇𝜇11 = 𝜇𝜇12  

𝐻𝐻𝑎𝑎: 𝜇𝜇11 ≠ 𝜇𝜇12 

𝐻𝐻0: 𝜇𝜇10 = 𝜇𝜇12   

𝐻𝐻𝑎𝑎: 𝜇𝜇10 ≠ 𝜇𝜇12  

𝑞𝑞0 [ > | < ] Crit. Val. 

[ REJECT | FTR ] 𝐻𝐻0.  

𝑞𝑞0 [ > | < ] Crit. Val. 

[ REJECT | FTR ] 𝐻𝐻0.  

Grade 10 11 12 
Study Time 3 4.3 6 
Sample Size 10 10 10 

 

𝑞𝑞0 =  𝑞𝑞0 =  
−

ට(             )
 

−

ට(4.448
10 )

 
−

ට(4.448
10 )

 

Get MSE from ANOVA readout

EXAMPLE   

In an ANOVA test on mean weekly study time for different grade levels, 
you reject 𝐻𝐻0: Students in grades 10-12 study for the same amount of 
time. Determine which pair(s) of means are different with 𝛼𝛼 = 0.05. 

MULTIPLE COMPARISONS: TUKEY 
Tukey Test 

◆ ANOVA compares 3+ means. If 𝐻𝐻0 is rejected, Post-hoc tests can tell you which means are different.  

    ▪ Post-Hoc Tests, like Tukey, test __________ of means against each other. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

𝑞𝑞0 = 𝑥𝑥ҧ2 − 𝑥𝑥ҧ1
ට𝑠𝑠2

𝑛𝑛

 

𝑠𝑠2 = MSE from one-way ANOVA 
 

New 

1) Verify: ANOVA 𝐻𝐻0 was rejected? ☐

2) Crit. Val.: Studentized Range 𝑞𝑞-table 
𝑑𝑑𝑑𝑑 =  𝑁𝑁 − 𝑘𝑘 

𝑁𝑁 = # of total obs.   𝑘𝑘 = # of groups 

3) Get MSE from ANOVA readout  
One-way ANOVA 
  Error 

MS=  

For each pair of groups: 

4) 𝐻𝐻0: 𝜇𝜇1 = 𝜇𝜇2,      𝐻𝐻𝑎𝑎: 𝜇𝜇1 ≠ 𝜇𝜇2 

5) Test Statistic: 𝑞𝑞0 

6) Interpret: Compare 𝑞𝑞0 & Crit. Val. 

HOW TO: Perform Tukey 
Test 

 

𝐻𝐻0:  
𝐻𝐻𝑎𝑎: 

𝑞𝑞0 [ > | < ] Crit. Val. 

[ REJECT | FTR ] 𝐻𝐻0.  

𝑞𝑞0 =  
 

10th & 11th Grade 10th & 12th Grade 11th & 12th Grade 

𝑁𝑁 = _______ 𝑘𝑘 = ______  
𝑑𝑑𝑑𝑑 = ________ Critical Value = _______ 

MSE = _______ 

𝐻𝐻0: 𝜇𝜇11 = 𝜇𝜇12  

𝐻𝐻𝑎𝑎: 𝜇𝜇11 ≠ 𝜇𝜇12 

𝐻𝐻0: 𝜇𝜇10 = 𝜇𝜇12   

𝐻𝐻𝑎𝑎: 𝜇𝜇10 ≠ 𝜇𝜇12  

𝑞𝑞0 [ > | < ] Crit. Val. 

[ REJECT | FTR ] 𝐻𝐻0.  

𝑞𝑞0 [ > | < ] Crit. Val. 

[ REJECT | FTR ] 𝐻𝐻0.  

Grade 10 11 12 
Study Time 3 4.3 6 
Sample Size 10 10 10 

 

𝑞𝑞0 =  𝑞𝑞0 =  
−

ට(             )
 

−

ට(4.448
10 )

 
−

ට(4.448
10 )

 

3)

EXAMPLE   

In an ANOVA test on mean weekly study time for different grade levels, 
you reject 𝐻𝐻0: Students in grades 10-12 study for the same amount of 
time. Determine which pair(s) of means are different with 𝛼𝛼 = 0.05. 

MULTIPLE COMPARISONS: TUKEY 
Tukey Test 

◆ ANOVA compares 3+ means. If 𝐻𝐻0 is rejected, Post-hoc tests can tell you which means are different.  

    ▪ Post-Hoc Tests, like Tukey, test __________ of means against each other. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

𝑞𝑞0 = 𝑥𝑥ҧ2 − 𝑥𝑥ҧ1
ට𝑠𝑠2

𝑛𝑛

 

𝑠𝑠2 = MSE from one-way ANOVA 
 

New 

1) Verify: ANOVA 𝐻𝐻0 was rejected? ☐

2) Crit. Val.: Studentized Range 𝑞𝑞-table 
𝑑𝑑𝑑𝑑 =  𝑁𝑁 − 𝑘𝑘 

𝑁𝑁 = # of total obs.   𝑘𝑘 = # of groups 

3) Get MSE from ANOVA readout  
One-way ANOVA 
  Error 

MS=  

For each pair of groups: 

4) 𝐻𝐻0: 𝜇𝜇1 = 𝜇𝜇2,      𝐻𝐻𝑎𝑎: 𝜇𝜇1 ≠ 𝜇𝜇2 

5) Test Statistic: 𝑞𝑞0 

6) Interpret: Compare 𝑞𝑞0 & Crit. Val. 

HOW TO: Perform Tukey 
Test 

 

𝐻𝐻0:  
𝐻𝐻𝑎𝑎: 

𝑞𝑞0 [ > | < ] Crit. Val. 

[ REJECT | FTR ] 𝐻𝐻0.  

𝑞𝑞0 =  
 

10th & 11th Grade 10th & 12th Grade 11th & 12th Grade 

𝑁𝑁 = _______ 𝑘𝑘 = ______  
𝑑𝑑𝑑𝑑 = ________ Critical Value = _______ 

MSE = _______ 

𝐻𝐻0: 𝜇𝜇11 = 𝜇𝜇12  

𝐻𝐻𝑎𝑎: 𝜇𝜇11 ≠ 𝜇𝜇12 

𝐻𝐻0: 𝜇𝜇10 = 𝜇𝜇12   

𝐻𝐻𝑎𝑎: 𝜇𝜇10 ≠ 𝜇𝜇12  

𝑞𝑞0 [ > | < ] Crit. Val. 

[ REJECT | FTR ] 𝐻𝐻0.  

𝑞𝑞0 [ > | < ] Crit. Val. 

[ REJECT | FTR ] 𝐻𝐻0.  

Grade 10 11 12 
Study Time 3 4.3 6 
Sample Size 10 10 10 

 

𝑞𝑞0 =  𝑞𝑞0 =  
−

ට(             )
 

−

ට(4.448
10 )

 
−

ට(4.448
10 )

 

5)

6) Multiply    -value by # of _________

EXAMPLE   

In an ANOVA test on mean weekly study time for different grade levels, 
you reject 𝐻𝐻0: Students in grades 10-12 study for the same amount of 
time. Determine which pair(s) of means are different with 𝛼𝛼 = 0.05. 

MULTIPLE COMPARISONS: TUKEY 
Tukey Test 

◆ ANOVA compares 3+ means. If 𝐻𝐻0 is rejected, Post-hoc tests can tell you which means are different.  

    ▪ Post-Hoc Tests, like Tukey, test __________ of means against each other. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

𝑞𝑞0 = 𝑥𝑥ҧ2 − 𝑥𝑥ҧ1
ට𝑠𝑠2

𝑛𝑛

 

𝑠𝑠2 = MSE from one-way ANOVA 
 

New 

1) Verify: ANOVA 𝐻𝐻0 was rejected? ☐

2) Crit. Val.: Studentized Range 𝑞𝑞-table 
𝑑𝑑𝑑𝑑 =  𝑁𝑁 − 𝑘𝑘 

𝑁𝑁 = # of total obs.   𝑘𝑘 = # of groups 

3) Get MSE from ANOVA readout  
One-way ANOVA 
  Error 

MS=  

For each pair of groups: 

4) 𝐻𝐻0: 𝜇𝜇1 = 𝜇𝜇2,      𝐻𝐻𝑎𝑎: 𝜇𝜇1 ≠ 𝜇𝜇2 

5) Test Statistic: 𝑞𝑞0 

6) Interpret: Compare 𝑞𝑞0 & Crit. Val. 

HOW TO: Perform Tukey 
Test 

 

𝐻𝐻0:  
𝐻𝐻𝑎𝑎: 

𝑞𝑞0 [ > | < ] Crit. Val. 

[ REJECT | FTR ] 𝐻𝐻0.  

𝑞𝑞0 =  
 

10th & 11th Grade 10th & 12th Grade 11th & 12th Grade 

𝑁𝑁 = _______ 𝑘𝑘 = ______  
𝑑𝑑𝑑𝑑 = ________ Critical Value = _______ 

MSE = _______ 

𝐻𝐻0: 𝜇𝜇11 = 𝜇𝜇12  

𝐻𝐻𝑎𝑎: 𝜇𝜇11 ≠ 𝜇𝜇12 

𝐻𝐻0: 𝜇𝜇10 = 𝜇𝜇12   

𝐻𝐻𝑎𝑎: 𝜇𝜇10 ≠ 𝜇𝜇12  

𝑞𝑞0 [ > | < ] Crit. Val. 

[ REJECT | FTR ] 𝐻𝐻0.  

𝑞𝑞0 [ > | < ] Crit. Val. 

[ REJECT | FTR ] 𝐻𝐻0.  

Grade 10 11 12 
Study Time 3 4.3 6 
Sample Size 10 10 10 

 

𝑞𝑞0 =  𝑞𝑞0 =  
−

ට(             )
 

−

ට(4.448
10 )

 
−

ට(4.448
10 )

 

EXAMPLE   

In an ANOVA test on mean weekly study time for different grade levels, 
you reject 𝐻𝐻0: Students in grades 10-12 study for the same amount of 
time. Determine which pair(s) of means are different with 𝛼𝛼 = 0.05. 

MULTIPLE COMPARISONS: TUKEY 
Tukey Test 

◆ ANOVA compares 3+ means. If 𝐻𝐻0 is rejected, Post-hoc tests can tell you which means are different.  

    ▪ Post-Hoc Tests, like Tukey, test __________ of means against each other. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

𝑞𝑞0 = 𝑥𝑥ҧ2 − 𝑥𝑥ҧ1
ට𝑠𝑠2

𝑛𝑛

 

𝑠𝑠2 = MSE from one-way ANOVA 
 

New 

1) Verify: ANOVA 𝐻𝐻0 was rejected? ☐

2) Crit. Val.: Studentized Range 𝑞𝑞-table 
𝑑𝑑𝑑𝑑 =  𝑁𝑁 − 𝑘𝑘 

𝑁𝑁 = # of total obs.   𝑘𝑘 = # of groups 

3) Get MSE from ANOVA readout  
One-way ANOVA 
  Error 

MS=  

For each pair of groups: 

4) 𝐻𝐻0: 𝜇𝜇1 = 𝜇𝜇2,      𝐻𝐻𝑎𝑎: 𝜇𝜇1 ≠ 𝜇𝜇2 

5) Test Statistic: 𝑞𝑞0 

6) Interpret: Compare 𝑞𝑞0 & Crit. Val. 

HOW TO: Perform Tukey 
Test 

 

𝐻𝐻0:  
𝐻𝐻𝑎𝑎: 

𝑞𝑞0 [ > | < ] Crit. Val. 

[ REJECT | FTR ] 𝐻𝐻0.  

𝑞𝑞0 =  
 

10th & 11th Grade 10th & 12th Grade 11th & 12th Grade 

𝑁𝑁 = _______ 𝑘𝑘 = ______  
𝑑𝑑𝑑𝑑 = ________ Critical Value = _______ 

MSE = _______ 

𝐻𝐻0: 𝜇𝜇11 = 𝜇𝜇12  

𝐻𝐻𝑎𝑎: 𝜇𝜇11 ≠ 𝜇𝜇12 

𝐻𝐻0: 𝜇𝜇10 = 𝜇𝜇12   

𝐻𝐻𝑎𝑎: 𝜇𝜇10 ≠ 𝜇𝜇12  

𝑞𝑞0 [ > | < ] Crit. Val. 

[ REJECT | FTR ] 𝐻𝐻0.  

𝑞𝑞0 [ > | < ] Crit. Val. 

[ REJECT | FTR ] 𝐻𝐻0.  

Grade 10 11 12 
Study Time 3 4.3 6 
Sample Size 10 10 10 

 

𝑞𝑞0 =  𝑞𝑞0 =  
−

ට(             )
 

−

ට(4.448
10 )

 
−

ට(4.448
10 )

 

MULTIPLE COMPARISONS: TUKEY-KRAMER 
Tukey-Kramer Test 

◆ ANOVA compares 3+ means. If 𝐻𝐻0 is rejected, Post-hoc tests can tell you which means are different.  

    ▪ Post-Hoc Tests, like Tukey-Kramer, test __________ of means against each other. 

 

 
 
 
 

1) Verify: ANOVA 𝐻𝐻0 was rejected? ☐

2) Crit. Val.: Studentized Range 𝑞𝑞-table 
𝑑𝑑𝑑𝑑 =  𝑁𝑁 − 𝑘𝑘 

𝑁𝑁 = # of total obs.   𝑘𝑘 = # of groups 

3) Get MSE from ANOVA readout  
One-way ANOVA 
  Error 

MS=  

For each pair of groups: 

4) 𝐻𝐻0: 𝜇𝜇1 = 𝜇𝜇2,      𝐻𝐻𝑎𝑎: 𝜇𝜇1 ≠ 𝜇𝜇2 

5) Test Statistic: 𝑞𝑞0 

6) Interpret: Compare 𝑞𝑞0 & Crit. Val. 

HOW TO: Perform Tukey-
Kramer Test 

 

Recall
(Two Means t-Test)

EXAMPLE   
In an ANOVA test on mean weekly study time for different grade levels, 
you reject 𝐻𝐻0: Students in grades 10-12 study for the same amount of 
time. Determine which pair(s) of means are different with 𝛼𝛼 = 0.05. 

TOPIC: MULTIPLE COMPARISONS: BONFERRONI 
The Bonferroni Test 

◆ Recall: ANOVA compares 3+ means. If 𝐻𝐻0 is rejected, Post-hoc tests can tell you which means are different.  

    ▪ Post-Hoc Tests, like Bonferroni, test __________ of means against each other. 

 
 
  
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

1) Verify: ANOVA 𝐻𝐻0 was rejected? ☐

2) Get MSE from ANOVA readout  
One-way ANOVA 
  Error 

MS=  

For each pair of groups: 

3) 𝐻𝐻0: 𝜇𝜇1 = 𝜇𝜇2,      𝐻𝐻𝑎𝑎: 𝜇𝜇1 ≠ 𝜇𝜇2 

4) Calculate 𝑡𝑡 (use 𝑠𝑠2 = 𝐌𝐌𝐌𝐌𝐌𝐌) 

5) 𝑃𝑃-value: use 𝑑𝑑𝑑𝑑 =  𝑁𝑁 − 𝑘𝑘 

𝑁𝑁 = # of total obs. 𝑘𝑘 = # of groups 

6) Multiply 𝑃𝑃-value by # of _________ 

To find on calc:         PROB    

  3:nCr,  Enter 𝐶𝐶𝑘𝑘
 

2 
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EXAMPLE   

In an ANOVA test on mean weekly study time for different grade levels, 
you reject 𝐻𝐻0: Students in grades 10-12 study for the same amount of 
time. Determine which pair(s) of means are different with 𝛼𝛼 = 0.05. 

MULTIPLE COMPARISONS: TUKEY 
Tukey Test 

◆ ANOVA compares 3+ means. If 𝐻𝐻0 is rejected, Post-hoc tests can tell you which means are different.  

    ▪ Post-Hoc Tests, like Tukey, test __________ of means against each other. 
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In an ANOVA test on mean weekly study time for different grade levels, 
you reject 𝐻𝐻0: Students in grades 10-12 study for the same amount of 
time. Determine which pair(s) of means are different with 𝛼𝛼 = 0.05. 

TOPIC: MULTIPLE COMPARISONS: BONFERRONI 
The Bonferroni Test 

◆ Recall: ANOVA compares 3+ means. If 𝐻𝐻0 is rejected, Post-hoc tests can tell you which means are different.  
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EXAMPLE   
In an ANOVA test on mean weekly study time for different grade levels, 
you reject 𝐻𝐻0: Students in grades 10-12 study for the same amount of 
time. Determine which pair(s) of means are different with 𝛼𝛼 = 0.05. 

TOPIC: MULTIPLE COMPARISONS: BONFERRONI 
The Bonferroni Test 

◆ Recall: ANOVA compares 3+ means. If 𝐻𝐻0 is rejected, Post-hoc tests can tell you which means are different.  

    ▪ Post-Hoc Tests, like Bonferroni, test __________ of means against each other. 
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In an ANOVA test on mean weekly study time for different grade levels, 
you reject 𝐻𝐻0: Students in grades 10-12 study for the same amount of 
time. Determine which pair(s) of means are different with 𝛼𝛼 = 0.05. 

TOPIC: MULTIPLE COMPARISONS: BONFERRONI 
The Bonferroni Test 

◆ Recall: ANOVA compares 3+ means. If 𝐻𝐻0 is rejected, Post-hoc tests can tell you which means are different.  

    ▪ Post-Hoc Tests, like Bonferroni, test __________ of means against each other. 
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EXAMPLE   
In an ANOVA test on mean weekly study time for different grade levels, 
you reject 𝐻𝐻0: Students in grades 10-12 study for the same amount of 
time. Determine which pair(s) of means are different with 𝛼𝛼 = 0.05. 

TOPIC: MULTIPLE COMPARISONS: BONFERRONI 
The Bonferroni Test 

◆ Recall: ANOVA compares 3+ means. If 𝐻𝐻0 is rejected, Post-hoc tests can tell you which means are different.  

    ▪ Post-Hoc Tests, like Bonferroni, test __________ of means against each other. 
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> 
> 

BIZ REG 

(Two Means t-Test) 

𝑡𝑡 = 𝑥𝑥ҧ1 − 𝑥𝑥ҧ2

ඨ𝑠𝑠1
2

𝑛𝑛1
+ 𝑠𝑠2

2

𝑛𝑛2

Recall 

𝐻𝐻0:  
𝐻𝐻𝑎𝑎: 

10th & 11th Grade 10th & 12th Grade 11th & 12th Grade 

𝐻𝐻0: 𝜇𝜇11 = 𝜇𝜇12  

𝐻𝐻𝑎𝑎: 𝜇𝜇11 ≠ 𝜇𝜇12 

𝐻𝐻0: 𝜇𝜇10 = 𝜇𝜇12 

𝐻𝐻𝑎𝑎: 𝜇𝜇10 ≠ 𝜇𝜇12 

𝑡𝑡 = 𝑥𝑥ҧ1 − 𝑥𝑥ҧ2
ට𝑠𝑠2 ⋅ ቀ 1

𝑛𝑛1
+ 1

𝑛𝑛2
ቁ

𝑠𝑠2 = MSE from one-way ANOVA 

New 

𝑡𝑡 = −

ට            (     
      +     

      )
 𝑡𝑡 = −

ට4.448 ⋅ ቀ 1
10 + 1

10ቁ
 𝑡𝑡 = −

ට4.448 ⋅ ቀ 1
10 + 1

10ቁ
 

𝑃𝑃-value = _____ 
# of pairs = 3    
𝑃𝑃-val ⋅ # pairs = _____ 

𝑃𝑃-value = _____ 
# of pairs = _____ 
𝑃𝑃-val ⋅ # pairs = _____ 

𝑃𝑃-value = _____ 
# of pairs = 3 
𝑃𝑃-val ⋅ # pairs = _____ 

𝑃𝑃-val ⋅ # pairs [ < | > ] 𝛼𝛼 
[ REJECT | FTR ] 𝐻𝐻0

𝑃𝑃-val ⋅ # pairs [ < | > ] 𝛼𝛼 
[ REJECT | FTR ] 𝐻𝐻0

𝑃𝑃-val ⋅ # pairs [ < | > ] 𝛼𝛼 
[ REJECT | FTR ] 𝐻𝐻0

MSE = ______ 

𝑁𝑁 = _____ ,  

𝑘𝑘 = _____ ,  
𝑑𝑑𝑑𝑑 = ____  

Grade Weekly Study Times (hrs) 𝒙̅𝒙 𝒏𝒏 
10 3 4 4 2 1 0 3 6 5 2 3 10 

11 4 5 6 3 7 8 2 3 1 4 4.3 10 

12 7 5 8 3 6 7 8 5 9 2 6 10 

 

EXAMPLE   
In an ANOVA test on mean weekly study time for different grade levels, 
you reject 𝐻𝐻0: Students in grades 10-12 study for the same amount of 
time. Determine which pair(s) of means are different with 𝛼𝛼 = 0.05. 

TOPIC: MULTIPLE COMPARISONS: BONFERRONI 
The Bonferroni Test 

◆ Recall: ANOVA compares 3+ means. If 𝐻𝐻0 is rejected, Post-hoc tests can tell you which means are different.  

    ▪ Post-Hoc Tests, like Bonferroni, test __________ of means against each other. 

 
 
  
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

1) Verify: ANOVA 𝐻𝐻0 was rejected? ☐

2) Get MSE from ANOVA readout  
One-way ANOVA 
  Error 

MS=  

For each pair of groups: 

3) 𝐻𝐻0: 𝜇𝜇1 = 𝜇𝜇2,      𝐻𝐻𝑎𝑎: 𝜇𝜇1 ≠ 𝜇𝜇2 

4) Calculate 𝑡𝑡 (use 𝑠𝑠2 = 𝐌𝐌𝐌𝐌𝐌𝐌) 

5) 𝑃𝑃-value: use 𝑑𝑑𝑑𝑑 =  𝑁𝑁 − 𝑘𝑘 

𝑁𝑁 = # of total obs. 𝑘𝑘 = # of groups 

6) Multiply 𝑃𝑃-value by # of _________ 

To find on calc:         PROB    

  3:nCr,  Enter 𝐶𝐶𝑘𝑘
 

2 

7) State Conclusion 

HOW TO: Perform 
Bonferroni Test on TI-84 

 

> 
> 

BIZ REG 

(Two Means t-Test) 

𝑡𝑡 = 𝑥𝑥ҧ1 − 𝑥𝑥ҧ2

ඨ𝑠𝑠1
2

𝑛𝑛1
+ 𝑠𝑠2

2

𝑛𝑛2

Recall 

𝐻𝐻0:  
𝐻𝐻𝑎𝑎: 

10th & 11th Grade 10th & 12th Grade 11th & 12th Grade 

𝐻𝐻0: 𝜇𝜇11 = 𝜇𝜇12  

𝐻𝐻𝑎𝑎: 𝜇𝜇11 ≠ 𝜇𝜇12 

𝐻𝐻0: 𝜇𝜇10 = 𝜇𝜇12 

𝐻𝐻𝑎𝑎: 𝜇𝜇10 ≠ 𝜇𝜇12 

𝑡𝑡 = 𝑥𝑥ҧ1 − 𝑥𝑥ҧ2
ට𝑠𝑠2 ⋅ ቀ 1

𝑛𝑛1
+ 1

𝑛𝑛2
ቁ

𝑠𝑠2 = MSE from one-way ANOVA 

New 

𝑡𝑡 = −

ට            (     
      +     

      )
 𝑡𝑡 = −

ට4.448 ⋅ ቀ 1
10 + 1

10ቁ
 𝑡𝑡 = −

ට4.448 ⋅ ቀ 1
10 + 1

10ቁ
 

𝑃𝑃-value = _____ 
# of pairs = 3    
𝑃𝑃-val ⋅ # pairs = _____ 

𝑃𝑃-value = _____ 
# of pairs = _____ 
𝑃𝑃-val ⋅ # pairs = _____ 

𝑃𝑃-value = _____ 
# of pairs = 3 
𝑃𝑃-val ⋅ # pairs = _____ 

𝑃𝑃-val ⋅ # pairs [ < | > ] 𝛼𝛼 
[ REJECT | FTR ] 𝐻𝐻0

𝑃𝑃-val ⋅ # pairs [ < | > ] 𝛼𝛼 
[ REJECT | FTR ] 𝐻𝐻0

𝑃𝑃-val ⋅ # pairs [ < | > ] 𝛼𝛼 
[ REJECT | FTR ] 𝐻𝐻0

MSE = ______ 

𝑁𝑁 = _____ ,  

𝑘𝑘 = _____ ,  
𝑑𝑑𝑑𝑑 = ____  

Grade Weekly Study Times (hrs) 𝒙̅𝒙 𝒏𝒏 
10 3 4 4 2 1 0 3 6 5 2 3 10 

11 4 5 6 3 7 8 2 3 1 4 4.3 10 

12 7 5 8 3 6 7 8 5 9 2 6 10 

 

   -value = ______
# of pairs = ______
   -val · # pairs = ______

EXAMPLE 

The table summarizes a study on the success rate of a nicotine 
patch in helping people quit smoking. Perform a hypothesis test 
using 𝜶𝜶 = 𝟎𝟎. 𝟎𝟎𝟎𝟎 to determine if the proportion of subjects who 
quit smoking is different in the two groups. 

TOPIC: TWO PROPORTIONS 

Difference in Proportions: Hypothesis Tests 

◆ When conducting hypothesis tests with proportions given 2 samples instead of 1: 

▪ Write 𝐻𝐻0 as 𝑝𝑝1 = _____, i.e. 𝑝𝑝1 − 𝑝𝑝2 = 0 

▪ Find the 𝑧𝑧-score using the ________ sample proportion (𝑝̅𝑝) which is 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 # 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡  of both groups. 

 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The table summarizes a study on the success rate of a nicotine patch in helping people quit smoking. Perform a 
hypothesis test using 𝜶𝜶 = 𝟎𝟎. 𝟎𝟎𝟎𝟎 to determine if the proportion of subjects who quit smoking is different in the two 
groups. 
  

Random Samples?  ☐
Independent Samples?  ☐
≥ 5 success in each sample? ☐
≥ 5 failures in each sample? ☐

𝑛𝑛1 = ____      𝑛𝑛2 = ____ 
𝑥𝑥1 = ____     𝑥𝑥2 = ____  
𝑝̂𝑝1 = ____     𝑝̂𝑝2 = ____  

Because 𝑃𝑃-value [ < | > ] 𝛼𝛼, we [ REJECT | FAIL TO REJECT ] 𝐻𝐻0. 

There is [ ENOUGH | NOT ENOUGH ] evidence  

𝑝̅𝑝 = 

𝑞̅𝑞 = 

𝑧𝑧 = 

 

𝑃𝑃-value: 

𝐻𝐻0:  𝐻𝐻𝑎𝑎: 

 

1 Prop. 2 Proportions 
H

yp
. 

Te
st

 S
ta

t.
 

P-
Va

l. 
Co

nc
lu

de
 

𝑧𝑧 =
ሺ𝑝̂𝑝1 − 𝑝̂𝑝2ሻ − ሺ𝑝𝑝1 − 𝑝𝑝2ሻ

ට𝑝̅𝑝𝑞̅𝑞
𝑛𝑛1

+ 𝑝̅𝑝𝑞̅𝑞
𝑛𝑛2

 

Area "beyond" 𝑧𝑧 

𝐻𝐻0: 𝑝𝑝 = # 

𝐻𝐻𝑎𝑎: 𝑝𝑝 </>/≠  # 

𝑧𝑧 = 𝑝̂𝑝 − 𝑝𝑝

ට𝑝𝑝𝑝𝑝
𝑛𝑛

 

𝐻𝐻0: 𝑝𝑝1 = 𝑝𝑝2 

𝐻𝐻𝑎𝑎: 𝑝𝑝1 [ < | > | ≠≠ ] 𝑝𝑝2 

Because 𝑃𝑃-value [ < | > ] 𝛼𝛼, we 

[ REJECT | FAIL TO REJECT ] 𝐻𝐻0. There is 

[ ENOUGH | NOT ENOUGH ] evidence to { restate 𝐻𝐻𝑎𝑎} 

𝑝̅𝑝 = 𝑥𝑥1 + 𝑥𝑥2
𝑛𝑛1 + 𝑛𝑛2

 

𝑞̅𝑞 = 1 − 𝑝̅𝑝 

𝒛𝒛 𝒛𝒛 −𝒛𝒛 

1)

2)

3)

4)

Effectiveness of Nicotine Patch 
Placebo Non-Placebo

Subjects: 20 
# Successfully Quit: 11 

Subjects: 23 
# Successfully Quit: 17 

 

Placebo Non-Placebo 

EXAMPLE 

The table summarizes a study on the success rate of a nicotine 
patch in helping people quit smoking. Perform a hypothesis test 
using 𝜶𝜶 = 𝟎𝟎. 𝟎𝟎𝟎𝟎 to determine if the proportion of subjects who 
quit smoking is different in the two groups. 

TOPIC: TWO PROPORTIONS 

Difference in Proportions: Hypothesis Tests 

◆ When conducting hypothesis tests with proportions given 2 samples instead of 1: 

▪ Write 𝐻𝐻0 as 𝑝𝑝1 = _____, i.e. 𝑝𝑝1 − 𝑝𝑝2 = 0 

▪ Find the 𝑧𝑧-score using the ________ sample proportion (𝑝̅𝑝) which is 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 # 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡  of both groups. 

 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The table summarizes a study on the success rate of a nicotine patch in helping people quit smoking. Perform a 
hypothesis test using 𝜶𝜶 = 𝟎𝟎. 𝟎𝟎𝟎𝟎 to determine if the proportion of subjects who quit smoking is different in the two 
groups. 
  

Random Samples?  ☐
Independent Samples?  ☐
≥ 5 success in each sample? ☐
≥ 5 failures in each sample? ☐

𝑛𝑛1 = ____      𝑛𝑛2 = ____ 
𝑥𝑥1 = ____     𝑥𝑥2 = ____  
𝑝̂𝑝1 = ____     𝑝̂𝑝2 = ____  

Because 𝑃𝑃-value [ < | > ] 𝛼𝛼, we [ REJECT | FAIL TO REJECT ] 𝐻𝐻0. 

There is [ ENOUGH | NOT ENOUGH ] evidence  

𝑝̅𝑝 = 

𝑞̅𝑞 = 

𝑧𝑧 = 

 

𝑃𝑃-value: 

𝐻𝐻0:  𝐻𝐻𝑎𝑎: 

 

1 Prop. 2 Proportions 
H

yp
. 

Te
st

 S
ta

t.
 

P-
Va

l. 
Co

nc
lu

de
 

𝑧𝑧 =
ሺ𝑝̂𝑝1 − 𝑝̂𝑝2ሻ − ሺ𝑝𝑝1 − 𝑝𝑝2ሻ

ට𝑝̅𝑝𝑞̅𝑞
𝑛𝑛1

+ 𝑝̅𝑝𝑞̅𝑞
𝑛𝑛2

 

Area "beyond" 𝑧𝑧 

𝐻𝐻0: 𝑝𝑝 = # 

𝐻𝐻𝑎𝑎: 𝑝𝑝 </>/≠  # 

𝑧𝑧 = 𝑝̂𝑝 − 𝑝𝑝

ට𝑝𝑝𝑝𝑝
𝑛𝑛

 

𝐻𝐻0: 𝑝𝑝1 = 𝑝𝑝2 

𝐻𝐻𝑎𝑎: 𝑝𝑝1 [ < | > | ≠≠ ] 𝑝𝑝2 

Because 𝑃𝑃-value [ < | > ] 𝛼𝛼, we 

[ REJECT | FAIL TO REJECT ] 𝐻𝐻0. There is 

[ ENOUGH | NOT ENOUGH ] evidence to { restate 𝐻𝐻𝑎𝑎} 

𝑝̅𝑝 = 𝑥𝑥1 + 𝑥𝑥2
𝑛𝑛1 + 𝑛𝑛2

 

𝑞̅𝑞 = 1 − 𝑝̅𝑝 

𝒛𝒛 𝒛𝒛 −𝒛𝒛 

1)

2)

3)

4)

Effectiveness of Nicotine Patch 
Placebo Non-Placebo

Subjects: 20 
# Successfully Quit: 11 

Subjects: 23 
# Successfully Quit: 17 

 

Placebo Non-Placebo 

   -value = ______
# of pairs = 3
   -val · # pairs = ______

EXAMPLE 

The table summarizes a study on the success rate of a nicotine 
patch in helping people quit smoking. Perform a hypothesis test 
using 𝜶𝜶 = 𝟎𝟎. 𝟎𝟎𝟎𝟎 to determine if the proportion of subjects who 
quit smoking is different in the two groups. 

TOPIC: TWO PROPORTIONS 

Difference in Proportions: Hypothesis Tests 

◆ When conducting hypothesis tests with proportions given 2 samples instead of 1: 

▪ Write 𝐻𝐻0 as 𝑝𝑝1 = _____, i.e. 𝑝𝑝1 − 𝑝𝑝2 = 0 

▪ Find the 𝑧𝑧-score using the ________ sample proportion (𝑝̅𝑝) which is 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 # 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡  of both groups. 

 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The table summarizes a study on the success rate of a nicotine patch in helping people quit smoking. Perform a 
hypothesis test using 𝜶𝜶 = 𝟎𝟎. 𝟎𝟎𝟎𝟎 to determine if the proportion of subjects who quit smoking is different in the two 
groups. 
  

Random Samples?  ☐
Independent Samples?  ☐
≥ 5 success in each sample? ☐
≥ 5 failures in each sample? ☐

𝑛𝑛1 = ____      𝑛𝑛2 = ____ 
𝑥𝑥1 = ____     𝑥𝑥2 = ____  
𝑝̂𝑝1 = ____     𝑝̂𝑝2 = ____  

Because 𝑃𝑃-value [ < | > ] 𝛼𝛼, we [ REJECT | FAIL TO REJECT ] 𝐻𝐻0. 

There is [ ENOUGH | NOT ENOUGH ] evidence  

𝑝̅𝑝 = 

𝑞̅𝑞 = 

𝑧𝑧 = 

 

𝑃𝑃-value: 

𝐻𝐻0:  𝐻𝐻𝑎𝑎: 

 

1 Prop. 2 Proportions 

H
yp

. 
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st
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ta
t.
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Va
l. 
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lu
de

 

𝑧𝑧 =
ሺ𝑝̂𝑝1 − 𝑝̂𝑝2ሻ − ሺ𝑝𝑝1 − 𝑝𝑝2ሻ

ට𝑝̅𝑝𝑞̅𝑞
𝑛𝑛1

+ 𝑝̅𝑝𝑞̅𝑞
𝑛𝑛2

 

Area "beyond" 𝑧𝑧 

𝐻𝐻0: 𝑝𝑝 = # 

𝐻𝐻𝑎𝑎: 𝑝𝑝 </>/≠  # 

𝑧𝑧 = 𝑝̂𝑝 − 𝑝𝑝

ට𝑝𝑝𝑝𝑝
𝑛𝑛

 

𝐻𝐻0: 𝑝𝑝1 = 𝑝𝑝2 

𝐻𝐻𝑎𝑎: 𝑝𝑝1 [ < | > | ≠≠ ] 𝑝𝑝2 

Because 𝑃𝑃-value [ < | > ] 𝛼𝛼, we 

[ REJECT | FAIL TO REJECT ] 𝐻𝐻0. There is 

[ ENOUGH | NOT ENOUGH ] evidence to { restate 𝐻𝐻𝑎𝑎} 

𝑝̅𝑝 = 𝑥𝑥1 + 𝑥𝑥2
𝑛𝑛1 + 𝑛𝑛2

 

𝑞̅𝑞 = 1 − 𝑝̅𝑝 

𝒛𝒛 𝒛𝒛 −𝒛𝒛 

1)

2)

3)

4)

Effectiveness of Nicotine Patch 
Placebo Non-Placebo

Subjects: 20 
# Successfully Quit: 11 

Subjects: 23 
# Successfully Quit: 17 

 

Placebo Non-Placebo 

EXAMPLE 

The table summarizes a study on the success rate of a nicotine 
patch in helping people quit smoking. Perform a hypothesis test 
using 𝜶𝜶 = 𝟎𝟎. 𝟎𝟎𝟎𝟎 to determine if the proportion of subjects who 
quit smoking is different in the two groups. 

TOPIC: TWO PROPORTIONS 

Difference in Proportions: Hypothesis Tests 

◆ When conducting hypothesis tests with proportions given 2 samples instead of 1: 

▪ Write 𝐻𝐻0 as 𝑝𝑝1 = _____, i.e. 𝑝𝑝1 − 𝑝𝑝2 = 0 

▪ Find the 𝑧𝑧-score using the ________ sample proportion (𝑝̅𝑝) which is 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 # 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡  of both groups. 

 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The table summarizes a study on the success rate of a nicotine patch in helping people quit smoking. Perform a 
hypothesis test using 𝜶𝜶 = 𝟎𝟎. 𝟎𝟎𝟎𝟎 to determine if the proportion of subjects who quit smoking is different in the two 
groups. 
  

Random Samples?  ☐
Independent Samples?  ☐
≥ 5 success in each sample? ☐
≥ 5 failures in each sample? ☐

𝑛𝑛1 = ____      𝑛𝑛2 = ____ 
𝑥𝑥1 = ____     𝑥𝑥2 = ____  
𝑝̂𝑝1 = ____     𝑝̂𝑝2 = ____  

Because 𝑃𝑃-value [ < | > ] 𝛼𝛼, we [ REJECT | FAIL TO REJECT ] 𝐻𝐻0. 

There is [ ENOUGH | NOT ENOUGH ] evidence  

𝑝̅𝑝 = 

𝑞̅𝑞 = 

𝑧𝑧 = 

 

𝑃𝑃-value: 

𝐻𝐻0:  𝐻𝐻𝑎𝑎: 

 

1 Prop. 2 Proportions 
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𝑧𝑧 =

ሺ𝑝̂𝑝1 − 𝑝̂𝑝2ሻ − ሺ𝑝𝑝1 − 𝑝𝑝2ሻ

ට𝑝̅𝑝𝑞̅𝑞
𝑛𝑛1

+ 𝑝̅𝑝𝑞̅𝑞
𝑛𝑛2

 

Area "beyond" 𝑧𝑧 

𝐻𝐻0: 𝑝𝑝 = # 

𝐻𝐻𝑎𝑎: 𝑝𝑝 </>/≠  # 

𝑧𝑧 = 𝑝̂𝑝 − 𝑝𝑝

ට𝑝𝑝𝑝𝑝
𝑛𝑛

 

𝐻𝐻0: 𝑝𝑝1 = 𝑝𝑝2 

𝐻𝐻𝑎𝑎: 𝑝𝑝1 [ < | > | ≠≠ ] 𝑝𝑝2 

Because 𝑃𝑃-value [ < | > ] 𝛼𝛼, we 

[ REJECT | FAIL TO REJECT ] 𝐻𝐻0. There is 

[ ENOUGH | NOT ENOUGH ] evidence to { restate 𝐻𝐻𝑎𝑎} 

𝑝̅𝑝 = 𝑥𝑥1 + 𝑥𝑥2
𝑛𝑛1 + 𝑛𝑛2

 

𝑞̅𝑞 = 1 − 𝑝̅𝑝 

𝒛𝒛 𝒛𝒛 −𝒛𝒛 

1)

2)

3)

4)

Effectiveness of Nicotine Patch 
Placebo Non-Placebo

Subjects: 20 
# Successfully Quit: 11 

Subjects: 23 
# Successfully Quit: 17 

 

Placebo Non-Placebo 

   -value = ______
# of pairs = 3
   -val · # pairs = ______

EXAMPLE 

The table summarizes a study on the success rate of a nicotine 
patch in helping people quit smoking. Perform a hypothesis test 
using 𝜶𝜶 = 𝟎𝟎. 𝟎𝟎𝟎𝟎 to determine if the proportion of subjects who 
quit smoking is different in the two groups. 

TOPIC: TWO PROPORTIONS 

Difference in Proportions: Hypothesis Tests 

◆ When conducting hypothesis tests with proportions given 2 samples instead of 1: 

▪ Write 𝐻𝐻0 as 𝑝𝑝1 = _____, i.e. 𝑝𝑝1 − 𝑝𝑝2 = 0 

▪ Find the 𝑧𝑧-score using the ________ sample proportion (𝑝̅𝑝) which is 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 # 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡  of both groups. 

 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The table summarizes a study on the success rate of a nicotine patch in helping people quit smoking. Perform a 
hypothesis test using 𝜶𝜶 = 𝟎𝟎. 𝟎𝟎𝟎𝟎 to determine if the proportion of subjects who quit smoking is different in the two 
groups. 
  

Random Samples?  ☐
Independent Samples?  ☐
≥ 5 success in each sample? ☐
≥ 5 failures in each sample? ☐

𝑛𝑛1 = ____      𝑛𝑛2 = ____ 
𝑥𝑥1 = ____     𝑥𝑥2 = ____  
𝑝̂𝑝1 = ____     𝑝̂𝑝2 = ____  

Because 𝑃𝑃-value [ < | > ] 𝛼𝛼, we [ REJECT | FAIL TO REJECT ] 𝐻𝐻0. 

There is [ ENOUGH | NOT ENOUGH ] evidence  

𝑝̅𝑝 = 

𝑞̅𝑞 = 

𝑧𝑧 = 

 

𝑃𝑃-value: 

𝐻𝐻0:  𝐻𝐻𝑎𝑎: 

 

1 Prop. 2 Proportions 

H
yp

. 
Te

st
 S

ta
t.

 
P-

Va
l. 

Co
nc

lu
de

 

𝑧𝑧 =
ሺ𝑝̂𝑝1 − 𝑝̂𝑝2ሻ − ሺ𝑝𝑝1 − 𝑝𝑝2ሻ

ට𝑝̅𝑝𝑞̅𝑞
𝑛𝑛1

+ 𝑝̅𝑝𝑞̅𝑞
𝑛𝑛2

 

Area "beyond" 𝑧𝑧 

𝐻𝐻0: 𝑝𝑝 = # 

𝐻𝐻𝑎𝑎: 𝑝𝑝 </>/≠  # 

𝑧𝑧 = 𝑝̂𝑝 − 𝑝𝑝

ට𝑝𝑝𝑝𝑝
𝑛𝑛

 

𝐻𝐻0: 𝑝𝑝1 = 𝑝𝑝2 

𝐻𝐻𝑎𝑎: 𝑝𝑝1 [ < | > | ≠≠ ] 𝑝𝑝2 

Because 𝑃𝑃-value [ < | > ] 𝛼𝛼, we 

[ REJECT | FAIL TO REJECT ] 𝐻𝐻0. There is 

[ ENOUGH | NOT ENOUGH ] evidence to { restate 𝐻𝐻𝑎𝑎} 

𝑝̅𝑝 = 𝑥𝑥1 + 𝑥𝑥2
𝑛𝑛1 + 𝑛𝑛2

 

𝑞̅𝑞 = 1 − 𝑝̅𝑝 

𝒛𝒛 𝒛𝒛 −𝒛𝒛 

1)

2)

3)

4)

Effectiveness of Nicotine Patch 
Placebo Non-Placebo

Subjects: 20 
# Successfully Quit: 11 

Subjects: 23 
# Successfully Quit: 17 

 

Placebo Non-Placebo 

EXAMPLE 

The table summarizes a study on the success rate of a nicotine 
patch in helping people quit smoking. Perform a hypothesis test 
using 𝜶𝜶 = 𝟎𝟎. 𝟎𝟎𝟎𝟎 to determine if the proportion of subjects who 
quit smoking is different in the two groups. 

TOPIC: TWO PROPORTIONS 

Difference in Proportions: Hypothesis Tests 

◆ When conducting hypothesis tests with proportions given 2 samples instead of 1: 

▪ Write 𝐻𝐻0 as 𝑝𝑝1 = _____, i.e. 𝑝𝑝1 − 𝑝𝑝2 = 0 

▪ Find the 𝑧𝑧-score using the ________ sample proportion (𝑝̅𝑝) which is 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 # 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡  of both groups. 

 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The table summarizes a study on the success rate of a nicotine patch in helping people quit smoking. Perform a 
hypothesis test using 𝜶𝜶 = 𝟎𝟎. 𝟎𝟎𝟎𝟎 to determine if the proportion of subjects who quit smoking is different in the two 
groups. 
  

Random Samples?  ☐
Independent Samples?  ☐
≥ 5 success in each sample? ☐
≥ 5 failures in each sample? ☐

𝑛𝑛1 = ____      𝑛𝑛2 = ____ 
𝑥𝑥1 = ____     𝑥𝑥2 = ____  
𝑝̂𝑝1 = ____     𝑝̂𝑝2 = ____  

Because 𝑃𝑃-value [ < | > ] 𝛼𝛼, we [ REJECT | FAIL TO REJECT ] 𝐻𝐻0. 

There is [ ENOUGH | NOT ENOUGH ] evidence  

𝑝̅𝑝 = 

𝑞̅𝑞 = 

𝑧𝑧 = 

 

𝑃𝑃-value: 

𝐻𝐻0:  𝐻𝐻𝑎𝑎: 

 

1 Prop. 2 Proportions 

H
yp

. 
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st
 S
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t.

 
P-
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l. 
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lu
de

 

𝑧𝑧 =
ሺ𝑝̂𝑝1 − 𝑝̂𝑝2ሻ − ሺ𝑝𝑝1 − 𝑝𝑝2ሻ

ට𝑝̅𝑝𝑞̅𝑞
𝑛𝑛1

+ 𝑝̅𝑝𝑞̅𝑞
𝑛𝑛2

 

Area "beyond" 𝑧𝑧 

𝐻𝐻0: 𝑝𝑝 = # 

𝐻𝐻𝑎𝑎: 𝑝𝑝 </>/≠  # 

𝑧𝑧 = 𝑝̂𝑝 − 𝑝𝑝

ට𝑝𝑝𝑝𝑝
𝑛𝑛

 

𝐻𝐻0: 𝑝𝑝1 = 𝑝𝑝2 

𝐻𝐻𝑎𝑎: 𝑝𝑝1 [ < | > | ≠≠ ] 𝑝𝑝2 

Because 𝑃𝑃-value [ < | > ] 𝛼𝛼, we 

[ REJECT | FAIL TO REJECT ] 𝐻𝐻0. There is 

[ ENOUGH | NOT ENOUGH ] evidence to { restate 𝐻𝐻𝑎𝑎} 

𝑝̅𝑝 = 𝑥𝑥1 + 𝑥𝑥2
𝑛𝑛1 + 𝑛𝑛2

 

𝑞̅𝑞 = 1 − 𝑝̅𝑝 

𝒛𝒛 𝒛𝒛 −𝒛𝒛 

1)

2)

3)

4)

Effectiveness of Nicotine Patch 
Placebo Non-Placebo

Subjects: 20 
# Successfully Quit: 11 

Subjects: 23 
# Successfully Quit: 17 

 

Placebo Non-Placebo 

   -val · # pairs [ < | > ] 
[ REJECT | FTR ]     .

EXAMPLE   

In an ANOVA test on mean weekly study time for different grade levels, 
you reject 𝐻𝐻0: Students in grades 10-12 study for the same amount of 
time. Determine which pair(s) of means are different with 𝛼𝛼 = 0.05. 

MULTIPLE COMPARISONS: TUKEY 
Tukey Test 

◆ ANOVA compares 3+ means. If 𝐻𝐻0 is rejected, Post-hoc tests can tell you which means are different.  

    ▪ Post-Hoc Tests, like Tukey, test __________ of means against each other. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

𝑞𝑞0 = 𝑥𝑥ҧ2 − 𝑥𝑥ҧ1
ට𝑠𝑠2

𝑛𝑛

 

𝑠𝑠2 = MSE from one-way ANOVA 
 

New 

1) Verify: ANOVA 𝐻𝐻0 was rejected? ☐

2) Crit. Val.: Studentized Range 𝑞𝑞-table 
𝑑𝑑𝑑𝑑 =  𝑁𝑁 − 𝑘𝑘 

𝑁𝑁 = # of total obs.   𝑘𝑘 = # of groups 

3) Get MSE from ANOVA readout  
One-way ANOVA 
  Error 

MS=  

For each pair of groups: 

4) 𝐻𝐻0: 𝜇𝜇1 = 𝜇𝜇2,      𝐻𝐻𝑎𝑎: 𝜇𝜇1 ≠ 𝜇𝜇2 

5) Test Statistic: 𝑞𝑞0 

6) Interpret: Compare 𝑞𝑞0 & Crit. Val. 

HOW TO: Perform Tukey 
Test 

 

𝐻𝐻0:  
𝐻𝐻𝑎𝑎: 

𝑞𝑞0 [ > | < ] Crit. Val. 

[ REJECT | FTR ] 𝐻𝐻0.  

𝑞𝑞0 =  
 

10th & 11th Grade 10th & 12th Grade 11th & 12th Grade 

𝑁𝑁 = _______ 𝑘𝑘 = ______  
𝑑𝑑𝑑𝑑 = ________ Critical Value = _______ 

MSE = _______ 

𝐻𝐻0: 𝜇𝜇11 = 𝜇𝜇12  

𝐻𝐻𝑎𝑎: 𝜇𝜇11 ≠ 𝜇𝜇12 

𝐻𝐻0: 𝜇𝜇10 = 𝜇𝜇12   

𝐻𝐻𝑎𝑎: 𝜇𝜇10 ≠ 𝜇𝜇12  

𝑞𝑞0 [ > | < ] Crit. Val. 

[ REJECT | FTR ] 𝐻𝐻0.  

𝑞𝑞0 [ > | < ] Crit. Val. 

[ REJECT | FTR ] 𝐻𝐻0.  

Grade 10 11 12 
Study Time 3 4.3 6 
Sample Size 10 10 10 

 

𝑞𝑞0 =  𝑞𝑞0 =  
−

ට(             )
 

−

ට(4.448
10 )

 
−

ට(4.448
10 )

 

EXAMPLE 

The table summarizes a study on the success rate of a nicotine 
patch in helping people quit smoking. Perform a hypothesis test 
using 𝜶𝜶 = 𝟎𝟎. 𝟎𝟎𝟎𝟎 to determine if the proportion of subjects who 
quit smoking is different in the two groups. 

TOPIC: TWO PROPORTIONS 

Difference in Proportions: Hypothesis Tests 

◆ When conducting hypothesis tests with proportions given 2 samples instead of 1: 

▪ Write 𝐻𝐻0 as 𝑝𝑝1 = _____, i.e. 𝑝𝑝1 − 𝑝𝑝2 = 0 

▪ Find the 𝑧𝑧-score using the ________ sample proportion (𝑝̅𝑝) which is 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 # 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡  of both groups. 

 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The table summarizes a study on the success rate of a nicotine patch in helping people quit smoking. Perform a 
hypothesis test using 𝜶𝜶 = 𝟎𝟎. 𝟎𝟎𝟎𝟎 to determine if the proportion of subjects who quit smoking is different in the two 
groups. 
  

Random Samples?  ☐
Independent Samples?  ☐
≥ 5 success in each sample? ☐
≥ 5 failures in each sample? ☐

𝑛𝑛1 = ____      𝑛𝑛2 = ____ 
𝑥𝑥1 = ____     𝑥𝑥2 = ____  
𝑝̂𝑝1 = ____     𝑝̂𝑝2 = ____  

Because 𝑃𝑃-value [ < | > ] 𝛼𝛼, we [ REJECT | FAIL TO REJECT ] 𝐻𝐻0. 

There is [ ENOUGH | NOT ENOUGH ] evidence  

𝑝̅𝑝 = 

𝑞̅𝑞 = 

𝑧𝑧 = 

 

𝑃𝑃-value: 

𝐻𝐻0:  𝐻𝐻𝑎𝑎: 

 

1 Prop. 2 Proportions 

H
yp

. 
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l. 
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lu
de

 

𝑧𝑧 =
ሺ𝑝̂𝑝1 − 𝑝̂𝑝2ሻ − ሺ𝑝𝑝1 − 𝑝𝑝2ሻ

ට𝑝̅𝑝𝑞̅𝑞
𝑛𝑛1

+ 𝑝̅𝑝𝑞̅𝑞
𝑛𝑛2

 

Area "beyond" 𝑧𝑧 

𝐻𝐻0: 𝑝𝑝 = # 

𝐻𝐻𝑎𝑎: 𝑝𝑝 </>/≠  # 

𝑧𝑧 = 𝑝̂𝑝 − 𝑝𝑝

ට𝑝𝑝𝑝𝑝
𝑛𝑛

 

𝐻𝐻0: 𝑝𝑝1 = 𝑝𝑝2 

𝐻𝐻𝑎𝑎: 𝑝𝑝1 [ < | > | ≠≠ ] 𝑝𝑝2 

Because 𝑃𝑃-value [ < | > ] 𝛼𝛼, we 

[ REJECT | FAIL TO REJECT ] 𝐻𝐻0. There is 

[ ENOUGH | NOT ENOUGH ] evidence to { restate 𝐻𝐻𝑎𝑎} 

𝑝̅𝑝 = 𝑥𝑥1 + 𝑥𝑥2
𝑛𝑛1 + 𝑛𝑛2

 

𝑞̅𝑞 = 1 − 𝑝̅𝑝 

𝒛𝒛 𝒛𝒛 −𝒛𝒛 

1)

2)

3)

4)

Effectiveness of Nicotine Patch 
Placebo Non-Placebo

Subjects: 20 
# Successfully Quit: 11 

Subjects: 23 
# Successfully Quit: 17 

 

Placebo Non-Placebo 

EXAMPLE   

In an ANOVA test on mean weekly study time for different grade levels, 
you reject 𝐻𝐻0: Students in grades 10-12 study for the same amount of 
time. Determine which pair(s) of means are different with 𝛼𝛼 = 0.05. 

MULTIPLE COMPARISONS: TUKEY 
Tukey Test 

◆ ANOVA compares 3+ means. If 𝐻𝐻0 is rejected, Post-hoc tests can tell you which means are different.  

    ▪ Post-Hoc Tests, like Tukey, test __________ of means against each other. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

𝑞𝑞0 = 𝑥𝑥ҧ2 − 𝑥𝑥ҧ1
ට𝑠𝑠2

𝑛𝑛

 

𝑠𝑠2 = MSE from one-way ANOVA 
 

New 

1) Verify: ANOVA 𝐻𝐻0 was rejected? ☐

2) Crit. Val.: Studentized Range 𝑞𝑞-table 
𝑑𝑑𝑑𝑑 =  𝑁𝑁 − 𝑘𝑘 

𝑁𝑁 = # of total obs.   𝑘𝑘 = # of groups 

3) Get MSE from ANOVA readout  
One-way ANOVA 
  Error 

MS=  

For each pair of groups: 

4) 𝐻𝐻0: 𝜇𝜇1 = 𝜇𝜇2,      𝐻𝐻𝑎𝑎: 𝜇𝜇1 ≠ 𝜇𝜇2 

5) Test Statistic: 𝑞𝑞0 

6) Interpret: Compare 𝑞𝑞0 & Crit. Val. 

HOW TO: Perform Tukey 
Test 

 

𝐻𝐻0:  
𝐻𝐻𝑎𝑎: 

𝑞𝑞0 [ > | < ] Crit. Val. 

[ REJECT | FTR ] 𝐻𝐻0.  

𝑞𝑞0 =  
 

10th & 11th Grade 10th & 12th Grade 11th & 12th Grade 

𝑁𝑁 = _______ 𝑘𝑘 = ______  
𝑑𝑑𝑑𝑑 = ________ Critical Value = _______ 

MSE = _______ 

𝐻𝐻0: 𝜇𝜇11 = 𝜇𝜇12  

𝐻𝐻𝑎𝑎: 𝜇𝜇11 ≠ 𝜇𝜇12 

𝐻𝐻0: 𝜇𝜇10 = 𝜇𝜇12   

𝐻𝐻𝑎𝑎: 𝜇𝜇10 ≠ 𝜇𝜇12  

𝑞𝑞0 [ > | < ] Crit. Val. 

[ REJECT | FTR ] 𝐻𝐻0.  

𝑞𝑞0 [ > | < ] Crit. Val. 

[ REJECT | FTR ] 𝐻𝐻0.  

Grade 10 11 12 
Study Time 3 4.3 6 
Sample Size 10 10 10 

 

𝑞𝑞0 =  𝑞𝑞0 =  
−

ට(             )
 

−

ට(4.448
10 )

 
−

ට(4.448
10 )

 

   -val · # pairs [ < | > ] 
[ REJECT | FTR ]     .

EXAMPLE   

In an ANOVA test on mean weekly study time for different grade levels, 
you reject 𝐻𝐻0: Students in grades 10-12 study for the same amount of 
time. Determine which pair(s) of means are different with 𝛼𝛼 = 0.05. 

MULTIPLE COMPARISONS: TUKEY 
Tukey Test 

◆ ANOVA compares 3+ means. If 𝐻𝐻0 is rejected, Post-hoc tests can tell you which means are different.  

    ▪ Post-Hoc Tests, like Tukey, test __________ of means against each other. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

𝑞𝑞0 = 𝑥𝑥ҧ2 − 𝑥𝑥ҧ1
ට𝑠𝑠2

𝑛𝑛

 

𝑠𝑠2 = MSE from one-way ANOVA 
 

New 

1) Verify: ANOVA 𝐻𝐻0 was rejected? ☐

2) Crit. Val.: Studentized Range 𝑞𝑞-table 
𝑑𝑑𝑑𝑑 =  𝑁𝑁 − 𝑘𝑘 

𝑁𝑁 = # of total obs.   𝑘𝑘 = # of groups 

3) Get MSE from ANOVA readout  
One-way ANOVA 
  Error 

MS=  

For each pair of groups: 

4) 𝐻𝐻0: 𝜇𝜇1 = 𝜇𝜇2,      𝐻𝐻𝑎𝑎: 𝜇𝜇1 ≠ 𝜇𝜇2 

5) Test Statistic: 𝑞𝑞0 

6) Interpret: Compare 𝑞𝑞0 & Crit. Val. 

HOW TO: Perform Tukey 
Test 

 

𝐻𝐻0:  
𝐻𝐻𝑎𝑎: 

𝑞𝑞0 [ > | < ] Crit. Val. 

[ REJECT | FTR ] 𝐻𝐻0.  

𝑞𝑞0 =  
 

10th & 11th Grade 10th & 12th Grade 11th & 12th Grade 

𝑁𝑁 = _______ 𝑘𝑘 = ______  
𝑑𝑑𝑑𝑑 = ________ Critical Value = _______ 

MSE = _______ 

𝐻𝐻0: 𝜇𝜇11 = 𝜇𝜇12  

𝐻𝐻𝑎𝑎: 𝜇𝜇11 ≠ 𝜇𝜇12 

𝐻𝐻0: 𝜇𝜇10 = 𝜇𝜇12   

𝐻𝐻𝑎𝑎: 𝜇𝜇10 ≠ 𝜇𝜇12  

𝑞𝑞0 [ > | < ] Crit. Val. 

[ REJECT | FTR ] 𝐻𝐻0.  

𝑞𝑞0 [ > | < ] Crit. Val. 

[ REJECT | FTR ] 𝐻𝐻0.  

Grade 10 11 12 
Study Time 3 4.3 6 
Sample Size 10 10 10 

 

𝑞𝑞0 =  𝑞𝑞0 =  
−

ට(             )
 

−

ට(4.448
10 )

 
−

ට(4.448
10 )

 

EXAMPLE 

The table summarizes a study on the success rate of a nicotine 
patch in helping people quit smoking. Perform a hypothesis test 
using 𝜶𝜶 = 𝟎𝟎. 𝟎𝟎𝟎𝟎 to determine if the proportion of subjects who 
quit smoking is different in the two groups. 

TOPIC: TWO PROPORTIONS 

Difference in Proportions: Hypothesis Tests 

◆ When conducting hypothesis tests with proportions given 2 samples instead of 1: 

▪ Write 𝐻𝐻0 as 𝑝𝑝1 = _____, i.e. 𝑝𝑝1 − 𝑝𝑝2 = 0 

▪ Find the 𝑧𝑧-score using the ________ sample proportion (𝑝̅𝑝) which is 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 # 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡  of both groups. 

 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The table summarizes a study on the success rate of a nicotine patch in helping people quit smoking. Perform a 
hypothesis test using 𝜶𝜶 = 𝟎𝟎. 𝟎𝟎𝟎𝟎 to determine if the proportion of subjects who quit smoking is different in the two 
groups. 
  

Random Samples?  ☐
Independent Samples?  ☐
≥ 5 success in each sample? ☐
≥ 5 failures in each sample? ☐

𝑛𝑛1 = ____      𝑛𝑛2 = ____ 
𝑥𝑥1 = ____     𝑥𝑥2 = ____  
𝑝̂𝑝1 = ____     𝑝̂𝑝2 = ____  

Because 𝑃𝑃-value [ < | > ] 𝛼𝛼, we [ REJECT | FAIL TO REJECT ] 𝐻𝐻0. 

There is [ ENOUGH | NOT ENOUGH ] evidence  

𝑝̅𝑝 = 

𝑞̅𝑞 = 

𝑧𝑧 = 

 

𝑃𝑃-value: 

𝐻𝐻0:  𝐻𝐻𝑎𝑎: 

 

1 Prop. 2 Proportions 

H
yp

. 
Te

st
 S

ta
t.

 
P-

Va
l. 

Co
nc

lu
de

 

𝑧𝑧 =
ሺ𝑝̂𝑝1 − 𝑝̂𝑝2ሻ − ሺ𝑝𝑝1 − 𝑝𝑝2ሻ

ට𝑝̅𝑝𝑞̅𝑞
𝑛𝑛1

+ 𝑝̅𝑝𝑞̅𝑞
𝑛𝑛2

 

Area "beyond" 𝑧𝑧 

𝐻𝐻0: 𝑝𝑝 = # 

𝐻𝐻𝑎𝑎: 𝑝𝑝 </>/≠  # 

𝑧𝑧 = 𝑝̂𝑝 − 𝑝𝑝

ට𝑝𝑝𝑝𝑝
𝑛𝑛

 

𝐻𝐻0: 𝑝𝑝1 = 𝑝𝑝2 

𝐻𝐻𝑎𝑎: 𝑝𝑝1 [ < | > | ≠≠ ] 𝑝𝑝2 

Because 𝑃𝑃-value [ < | > ] 𝛼𝛼, we 

[ REJECT | FAIL TO REJECT ] 𝐻𝐻0. There is 

[ ENOUGH | NOT ENOUGH ] evidence to { restate 𝐻𝐻𝑎𝑎} 

𝑝̅𝑝 = 𝑥𝑥1 + 𝑥𝑥2
𝑛𝑛1 + 𝑛𝑛2

 

𝑞̅𝑞 = 1 − 𝑝̅𝑝 

𝒛𝒛 𝒛𝒛 −𝒛𝒛 

1)

2)

3)

4)

Effectiveness of Nicotine Patch 
Placebo Non-Placebo

Subjects: 20 
# Successfully Quit: 11 

Subjects: 23 
# Successfully Quit: 17 

 

Placebo Non-Placebo 

EXAMPLE   

In an ANOVA test on mean weekly study time for different grade levels, 
you reject 𝐻𝐻0: Students in grades 10-12 study for the same amount of 
time. Determine which pair(s) of means are different with 𝛼𝛼 = 0.05. 

MULTIPLE COMPARISONS: TUKEY 
Tukey Test 

◆ ANOVA compares 3+ means. If 𝐻𝐻0 is rejected, Post-hoc tests can tell you which means are different.  

    ▪ Post-Hoc Tests, like Tukey, test __________ of means against each other. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

𝑞𝑞0 = 𝑥𝑥ҧ2 − 𝑥𝑥ҧ1
ට𝑠𝑠2

𝑛𝑛

 

𝑠𝑠2 = MSE from one-way ANOVA 
 

New 

1) Verify: ANOVA 𝐻𝐻0 was rejected? ☐

2) Crit. Val.: Studentized Range 𝑞𝑞-table 
𝑑𝑑𝑑𝑑 =  𝑁𝑁 − 𝑘𝑘 

𝑁𝑁 = # of total obs.   𝑘𝑘 = # of groups 

3) Get MSE from ANOVA readout  
One-way ANOVA 
  Error 

MS=  

For each pair of groups: 

4) 𝐻𝐻0: 𝜇𝜇1 = 𝜇𝜇2,      𝐻𝐻𝑎𝑎: 𝜇𝜇1 ≠ 𝜇𝜇2 

5) Test Statistic: 𝑞𝑞0 

6) Interpret: Compare 𝑞𝑞0 & Crit. Val. 

HOW TO: Perform Tukey 
Test 

 

𝐻𝐻0:  
𝐻𝐻𝑎𝑎: 

𝑞𝑞0 [ > | < ] Crit. Val. 

[ REJECT | FTR ] 𝐻𝐻0.  

𝑞𝑞0 =  
 

10th & 11th Grade 10th & 12th Grade 11th & 12th Grade 

𝑁𝑁 = _______ 𝑘𝑘 = ______  
𝑑𝑑𝑑𝑑 = ________ Critical Value = _______ 

MSE = _______ 

𝐻𝐻0: 𝜇𝜇11 = 𝜇𝜇12  

𝐻𝐻𝑎𝑎: 𝜇𝜇11 ≠ 𝜇𝜇12 

𝐻𝐻0: 𝜇𝜇10 = 𝜇𝜇12   

𝐻𝐻𝑎𝑎: 𝜇𝜇10 ≠ 𝜇𝜇12  

𝑞𝑞0 [ > | < ] Crit. Val. 

[ REJECT | FTR ] 𝐻𝐻0.  

𝑞𝑞0 [ > | < ] Crit. Val. 

[ REJECT | FTR ] 𝐻𝐻0.  

Grade 10 11 12 
Study Time 3 4.3 6 
Sample Size 10 10 10 

 

𝑞𝑞0 =  𝑞𝑞0 =  
−

ට(             )
 

−

ට(4.448
10 )

 
−

ට(4.448
10 )

 

   -val · # pairs [ < | > ] 
[ REJECT | FTR ]     .

EXAMPLE   

In an ANOVA test on mean weekly study time for different grade levels, 
you reject 𝐻𝐻0: Students in grades 10-12 study for the same amount of 
time. Determine which pair(s) of means are different with 𝛼𝛼 = 0.05. 

MULTIPLE COMPARISONS: TUKEY 
Tukey Test 

◆ ANOVA compares 3+ means. If 𝐻𝐻0 is rejected, Post-hoc tests can tell you which means are different.  

    ▪ Post-Hoc Tests, like Tukey, test __________ of means against each other. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

𝑞𝑞0 = 𝑥𝑥ҧ2 − 𝑥𝑥ҧ1
ට𝑠𝑠2

𝑛𝑛

 

𝑠𝑠2 = MSE from one-way ANOVA 
 

New 

1) Verify: ANOVA 𝐻𝐻0 was rejected? ☐

2) Crit. Val.: Studentized Range 𝑞𝑞-table 
𝑑𝑑𝑑𝑑 =  𝑁𝑁 − 𝑘𝑘 

𝑁𝑁 = # of total obs.   𝑘𝑘 = # of groups 

3) Get MSE from ANOVA readout  
One-way ANOVA 
  Error 

MS=  

For each pair of groups: 

4) 𝐻𝐻0: 𝜇𝜇1 = 𝜇𝜇2,      𝐻𝐻𝑎𝑎: 𝜇𝜇1 ≠ 𝜇𝜇2 

5) Test Statistic: 𝑞𝑞0 

6) Interpret: Compare 𝑞𝑞0 & Crit. Val. 

HOW TO: Perform Tukey 
Test 

 

𝐻𝐻0:  
𝐻𝐻𝑎𝑎: 

𝑞𝑞0 [ > | < ] Crit. Val. 

[ REJECT | FTR ] 𝐻𝐻0.  

𝑞𝑞0 =  
 

10th & 11th Grade 10th & 12th Grade 11th & 12th Grade 

𝑁𝑁 = _______ 𝑘𝑘 = ______  
𝑑𝑑𝑑𝑑 = ________ Critical Value = _______ 

MSE = _______ 

𝐻𝐻0: 𝜇𝜇11 = 𝜇𝜇12  

𝐻𝐻𝑎𝑎: 𝜇𝜇11 ≠ 𝜇𝜇12 

𝐻𝐻0: 𝜇𝜇10 = 𝜇𝜇12   

𝐻𝐻𝑎𝑎: 𝜇𝜇10 ≠ 𝜇𝜇12  

𝑞𝑞0 [ > | < ] Crit. Val. 

[ REJECT | FTR ] 𝐻𝐻0.  

𝑞𝑞0 [ > | < ] Crit. Val. 

[ REJECT | FTR ] 𝐻𝐻0.  

Grade 10 11 12 
Study Time 3 4.3 6 
Sample Size 10 10 10 

 

𝑞𝑞0 =  𝑞𝑞0 =  
−

ට(             )
 

−

ට(4.448
10 )

 
−

ට(4.448
10 )

 

EXAMPLE 

The table summarizes a study on the success rate of a nicotine 
patch in helping people quit smoking. Perform a hypothesis test 
using 𝜶𝜶 = 𝟎𝟎. 𝟎𝟎𝟎𝟎 to determine if the proportion of subjects who 
quit smoking is different in the two groups. 

TOPIC: TWO PROPORTIONS 

Difference in Proportions: Hypothesis Tests 

◆ When conducting hypothesis tests with proportions given 2 samples instead of 1: 

▪ Write 𝐻𝐻0 as 𝑝𝑝1 = _____, i.e. 𝑝𝑝1 − 𝑝𝑝2 = 0 

▪ Find the 𝑧𝑧-score using the ________ sample proportion (𝑝̅𝑝) which is 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 # 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡  of both groups. 

 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The table summarizes a study on the success rate of a nicotine patch in helping people quit smoking. Perform a 
hypothesis test using 𝜶𝜶 = 𝟎𝟎. 𝟎𝟎𝟎𝟎 to determine if the proportion of subjects who quit smoking is different in the two 
groups. 
  

Random Samples?  ☐
Independent Samples?  ☐
≥ 5 success in each sample? ☐
≥ 5 failures in each sample? ☐

𝑛𝑛1 = ____      𝑛𝑛2 = ____ 
𝑥𝑥1 = ____     𝑥𝑥2 = ____  
𝑝̂𝑝1 = ____     𝑝̂𝑝2 = ____  

Because 𝑃𝑃-value [ < | > ] 𝛼𝛼, we [ REJECT | FAIL TO REJECT ] 𝐻𝐻0. 

There is [ ENOUGH | NOT ENOUGH ] evidence  

𝑝̅𝑝 = 

𝑞̅𝑞 = 

𝑧𝑧 = 

 

𝑃𝑃-value: 

𝐻𝐻0:  𝐻𝐻𝑎𝑎: 

 

1 Prop. 2 Proportions 

H
yp

. 
Te

st
 S
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t.

 
P-

Va
l. 

Co
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𝑧𝑧 =
ሺ𝑝̂𝑝1 − 𝑝̂𝑝2ሻ − ሺ𝑝𝑝1 − 𝑝𝑝2ሻ

ට𝑝̅𝑝𝑞̅𝑞
𝑛𝑛1

+ 𝑝̅𝑝𝑞̅𝑞
𝑛𝑛2

 

Area "beyond" 𝑧𝑧 

𝐻𝐻0: 𝑝𝑝 = # 

𝐻𝐻𝑎𝑎: 𝑝𝑝 </>/≠  # 

𝑧𝑧 = 𝑝̂𝑝 − 𝑝𝑝

ට𝑝𝑝𝑝𝑝
𝑛𝑛

 

𝐻𝐻0: 𝑝𝑝1 = 𝑝𝑝2 

𝐻𝐻𝑎𝑎: 𝑝𝑝1 [ < | > | ≠≠ ] 𝑝𝑝2 

Because 𝑃𝑃-value [ < | > ] 𝛼𝛼, we 

[ REJECT | FAIL TO REJECT ] 𝐻𝐻0. There is 

[ ENOUGH | NOT ENOUGH ] evidence to { restate 𝐻𝐻𝑎𝑎} 

𝑝̅𝑝 = 𝑥𝑥1 + 𝑥𝑥2
𝑛𝑛1 + 𝑛𝑛2

 

𝑞̅𝑞 = 1 − 𝑝̅𝑝 

𝒛𝒛 𝒛𝒛 −𝒛𝒛 

1)

2)

3)

4)

Effectiveness of Nicotine Patch 
Placebo Non-Placebo

Subjects: 20 
# Successfully Quit: 11 

Subjects: 23 
# Successfully Quit: 17 

 

Placebo Non-Placebo 

EXAMPLE   

In an ANOVA test on mean weekly study time for different grade levels, 
you reject 𝐻𝐻0: Students in grades 10-12 study for the same amount of 
time. Determine which pair(s) of means are different with 𝛼𝛼 = 0.05. 

MULTIPLE COMPARISONS: TUKEY 
Tukey Test 

◆ ANOVA compares 3+ means. If 𝐻𝐻0 is rejected, Post-hoc tests can tell you which means are different.  

    ▪ Post-Hoc Tests, like Tukey, test __________ of means against each other. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

𝑞𝑞0 = 𝑥𝑥ҧ2 − 𝑥𝑥ҧ1
ට𝑠𝑠2

𝑛𝑛

 

𝑠𝑠2 = MSE from one-way ANOVA 
 

New 

1) Verify: ANOVA 𝐻𝐻0 was rejected? ☐

2) Crit. Val.: Studentized Range 𝑞𝑞-table 
𝑑𝑑𝑑𝑑 =  𝑁𝑁 − 𝑘𝑘 

𝑁𝑁 = # of total obs.   𝑘𝑘 = # of groups 

3) Get MSE from ANOVA readout  
One-way ANOVA 
  Error 

MS=  

For each pair of groups: 

4) 𝐻𝐻0: 𝜇𝜇1 = 𝜇𝜇2,      𝐻𝐻𝑎𝑎: 𝜇𝜇1 ≠ 𝜇𝜇2 

5) Test Statistic: 𝑞𝑞0 

6) Interpret: Compare 𝑞𝑞0 & Crit. Val. 

HOW TO: Perform Tukey 
Test 

 

𝐻𝐻0:  
𝐻𝐻𝑎𝑎: 

𝑞𝑞0 [ > | < ] Crit. Val. 

[ REJECT | FTR ] 𝐻𝐻0.  

𝑞𝑞0 =  
 

10th & 11th Grade 10th & 12th Grade 11th & 12th Grade 

𝑁𝑁 = _______ 𝑘𝑘 = ______  
𝑑𝑑𝑑𝑑 = ________ Critical Value = _______ 

MSE = _______ 

𝐻𝐻0: 𝜇𝜇11 = 𝜇𝜇12  

𝐻𝐻𝑎𝑎: 𝜇𝜇11 ≠ 𝜇𝜇12 

𝐻𝐻0: 𝜇𝜇10 = 𝜇𝜇12   

𝐻𝐻𝑎𝑎: 𝜇𝜇10 ≠ 𝜇𝜇12  

𝑞𝑞0 [ > | < ] Crit. Val. 

[ REJECT | FTR ] 𝐻𝐻0.  

𝑞𝑞0 [ > | < ] Crit. Val. 

[ REJECT | FTR ] 𝐻𝐻0.  

Grade 10 11 12 
Study Time 3 4.3 6 
Sample Size 10 10 10 

 

𝑞𝑞0 =  𝑞𝑞0 =  
−

ට(             )
 

−

ට(4.448
10 )

 
−

ට(4.448
10 )

 

For each pair of groups:

4) Calculate    (use                  )

EXAMPLE   
In an ANOVA test on mean weekly study time for different grade levels, 
you reject 𝐻𝐻0: Students in grades 10-12 study for the same amount of 
time. Determine which pair(s) of means are different with 𝛼𝛼 = 0.05. 

TOPIC: MULTIPLE COMPARISONS: BONFERRONI 
The Bonferroni Test 

◆ Recall: ANOVA compares 3+ means. If 𝐻𝐻0 is rejected, Post-hoc tests can tell you which means are different.  

    ▪ Post-Hoc Tests, like Bonferroni, test __________ of means against each other. 

 
 
  
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

1) Verify: ANOVA 𝐻𝐻0 was rejected? ☐

2) Get MSE from ANOVA readout  
One-way ANOVA 
  Error 

MS=  

For each pair of groups: 

3) 𝐻𝐻0: 𝜇𝜇1 = 𝜇𝜇2,      𝐻𝐻𝑎𝑎: 𝜇𝜇1 ≠ 𝜇𝜇2 

4) Calculate 𝑡𝑡 (use 𝑠𝑠2 = 𝐌𝐌𝐌𝐌𝐌𝐌) 

5) 𝑃𝑃-value: use 𝑑𝑑𝑑𝑑 =  𝑁𝑁 − 𝑘𝑘 

𝑁𝑁 = # of total obs. 𝑘𝑘 = # of groups 

6) Multiply 𝑃𝑃-value by # of _________ 

To find on calc:         PROB    

  3:nCr,  Enter 𝐶𝐶𝑘𝑘
 

2 

7) State Conclusion 

HOW TO: Perform 
Bonferroni Test on TI-84 

 

> 
> 

BIZ REG 

(Two Means t-Test) 

𝑡𝑡 = 𝑥𝑥ҧ1 − 𝑥𝑥ҧ2

ඨ𝑠𝑠1
2

𝑛𝑛1
+ 𝑠𝑠2

2

𝑛𝑛2

Recall 

𝐻𝐻0:  
𝐻𝐻𝑎𝑎: 

10th & 11th Grade 10th & 12th Grade 11th & 12th Grade 

𝐻𝐻0: 𝜇𝜇11 = 𝜇𝜇12  

𝐻𝐻𝑎𝑎: 𝜇𝜇11 ≠ 𝜇𝜇12 

𝐻𝐻0: 𝜇𝜇10 = 𝜇𝜇12 

𝐻𝐻𝑎𝑎: 𝜇𝜇10 ≠ 𝜇𝜇12 

𝑡𝑡 = 𝑥𝑥ҧ1 − 𝑥𝑥ҧ2
ට𝑠𝑠2 ⋅ ቀ 1

𝑛𝑛1
+ 1

𝑛𝑛2
ቁ

𝑠𝑠2 = MSE from one-way ANOVA 

New 

𝑡𝑡 = −

ට            (     
      +     

      )
 𝑡𝑡 = −

ට4.448 ⋅ ቀ 1
10 + 1

10ቁ
 𝑡𝑡 = −

ට4.448 ⋅ ቀ 1
10 + 1

10ቁ
 

𝑃𝑃-value = _____ 
# of pairs = 3    
𝑃𝑃-val ⋅ # pairs = _____ 

𝑃𝑃-value = _____ 
# of pairs = _____ 
𝑃𝑃-val ⋅ # pairs = _____ 

𝑃𝑃-value = _____ 
# of pairs = 3 
𝑃𝑃-val ⋅ # pairs = _____ 

𝑃𝑃-val ⋅ # pairs [ < | > ] 𝛼𝛼 
[ REJECT | FTR ] 𝐻𝐻0

𝑃𝑃-val ⋅ # pairs [ < | > ] 𝛼𝛼 
[ REJECT | FTR ] 𝐻𝐻0

𝑃𝑃-val ⋅ # pairs [ < | > ] 𝛼𝛼 
[ REJECT | FTR ] 𝐻𝐻0

MSE = ______ 

𝑁𝑁 = _____ ,  

𝑘𝑘 = _____ ,  
𝑑𝑑𝑑𝑑 = ____  

Grade Weekly Study Times (hrs) 𝒙̅𝒙 𝒏𝒏 
10 3 4 4 2 1 0 3 6 5 2 3 10 

11 4 5 6 3 7 8 2 3 1 4 4.3 10 

12 7 5 8 3 6 7 8 5 9 2 6 10 

 

EXAMPLE   
In an ANOVA test on mean weekly study time for different grade levels, 
you reject 𝐻𝐻0: Students in grades 10-12 study for the same amount of 
time. Determine which pair(s) of means are different with 𝛼𝛼 = 0.05. 

TOPIC: MULTIPLE COMPARISONS: BONFERRONI 
The Bonferroni Test 

◆ Recall: ANOVA compares 3+ means. If 𝐻𝐻0 is rejected, Post-hoc tests can tell you which means are different.  

    ▪ Post-Hoc Tests, like Bonferroni, test __________ of means against each other. 

 
 
  
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

1) Verify: ANOVA 𝐻𝐻0 was rejected? ☐

2) Get MSE from ANOVA readout  
One-way ANOVA 
  Error 

MS=  

For each pair of groups: 

3) 𝐻𝐻0: 𝜇𝜇1 = 𝜇𝜇2,      𝐻𝐻𝑎𝑎: 𝜇𝜇1 ≠ 𝜇𝜇2 

4) Calculate 𝑡𝑡 (use 𝑠𝑠2 = 𝐌𝐌𝐌𝐌𝐌𝐌) 

5) 𝑃𝑃-value: use 𝑑𝑑𝑑𝑑 =  𝑁𝑁 − 𝑘𝑘 

𝑁𝑁 = # of total obs. 𝑘𝑘 = # of groups 

6) Multiply 𝑃𝑃-value by # of _________ 

To find on calc:         PROB    

  3:nCr,  Enter 𝐶𝐶𝑘𝑘
 

2 

7) State Conclusion 

HOW TO: Perform 
Bonferroni Test on TI-84 

 

> 
> 

BIZ REG 

(Two Means t-Test) 

𝑡𝑡 = 𝑥𝑥ҧ1 − 𝑥𝑥ҧ2

ඨ𝑠𝑠1
2

𝑛𝑛1
+ 𝑠𝑠2

2

𝑛𝑛2

Recall 

𝐻𝐻0:  
𝐻𝐻𝑎𝑎: 

10th & 11th Grade 10th & 12th Grade 11th & 12th Grade 

𝐻𝐻0: 𝜇𝜇11 = 𝜇𝜇12  

𝐻𝐻𝑎𝑎: 𝜇𝜇11 ≠ 𝜇𝜇12 

𝐻𝐻0: 𝜇𝜇10 = 𝜇𝜇12 

𝐻𝐻𝑎𝑎: 𝜇𝜇10 ≠ 𝜇𝜇12 

𝑡𝑡 = 𝑥𝑥ҧ1 − 𝑥𝑥ҧ2
ට𝑠𝑠2 ⋅ ቀ 1

𝑛𝑛1
+ 1

𝑛𝑛2
ቁ

𝑠𝑠2 = MSE from one-way ANOVA 

New 

𝑡𝑡 = −

ට            (     
      +     

      )
 𝑡𝑡 = −

ට4.448 ⋅ ቀ 1
10 + 1

10ቁ
 𝑡𝑡 = −

ට4.448 ⋅ ቀ 1
10 + 1

10ቁ
 

𝑃𝑃-value = _____ 
# of pairs = 3    
𝑃𝑃-val ⋅ # pairs = _____ 

𝑃𝑃-value = _____ 
# of pairs = _____ 
𝑃𝑃-val ⋅ # pairs = _____ 

𝑃𝑃-value = _____ 
# of pairs = 3 
𝑃𝑃-val ⋅ # pairs = _____ 

𝑃𝑃-val ⋅ # pairs [ < | > ] 𝛼𝛼 
[ REJECT | FTR ] 𝐻𝐻0

𝑃𝑃-val ⋅ # pairs [ < | > ] 𝛼𝛼 
[ REJECT | FTR ] 𝐻𝐻0

𝑃𝑃-val ⋅ # pairs [ < | > ] 𝛼𝛼 
[ REJECT | FTR ] 𝐻𝐻0

MSE = ______ 

𝑁𝑁 = _____ ,  

𝑘𝑘 = _____ ,  
𝑑𝑑𝑑𝑑 = ____  

Grade Weekly Study Times (hrs) 𝒙̅𝒙 𝒏𝒏 
10 3 4 4 2 1 0 3 6 5 2 3 10 

11 4 5 6 3 7 8 2 3 1 4 4.3 10 

12 7 5 8 3 6 7 8 5 9 2 6 10 

 

   -value: use 

EXAMPLE 

The table summarizes a study on the success rate of a nicotine 
patch in helping people quit smoking. Perform a hypothesis test 
using 𝜶𝜶 = 𝟎𝟎. 𝟎𝟎𝟎𝟎 to determine if the proportion of subjects who 
quit smoking is different in the two groups. 

TOPIC: TWO PROPORTIONS 

Difference in Proportions: Hypothesis Tests 

◆ When conducting hypothesis tests with proportions given 2 samples instead of 1: 

▪ Write 𝐻𝐻0 as 𝑝𝑝1 = _____, i.e. 𝑝𝑝1 − 𝑝𝑝2 = 0 

▪ Find the 𝑧𝑧-score using the ________ sample proportion (𝑝̅𝑝) which is 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 # 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡  of both groups. 

 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The table summarizes a study on the success rate of a nicotine patch in helping people quit smoking. Perform a 
hypothesis test using 𝜶𝜶 = 𝟎𝟎. 𝟎𝟎𝟎𝟎 to determine if the proportion of subjects who quit smoking is different in the two 
groups. 
  

Random Samples?  ☐
Independent Samples?  ☐
≥ 5 success in each sample? ☐
≥ 5 failures in each sample? ☐

𝑛𝑛1 = ____      𝑛𝑛2 = ____ 
𝑥𝑥1 = ____     𝑥𝑥2 = ____  
𝑝̂𝑝1 = ____     𝑝̂𝑝2 = ____  

Because 𝑃𝑃-value [ < | > ] 𝛼𝛼, we [ REJECT | FAIL TO REJECT ] 𝐻𝐻0. 

There is [ ENOUGH | NOT ENOUGH ] evidence  

𝑝̅𝑝 = 

𝑞̅𝑞 = 

𝑧𝑧 = 

 

𝑃𝑃-value: 

𝐻𝐻0:  𝐻𝐻𝑎𝑎: 

 

1 Prop. 2 Proportions 
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𝑧𝑧 =
ሺ𝑝̂𝑝1 − 𝑝̂𝑝2ሻ − ሺ𝑝𝑝1 − 𝑝𝑝2ሻ

ට𝑝̅𝑝𝑞̅𝑞
𝑛𝑛1

+ 𝑝̅𝑝𝑞̅𝑞
𝑛𝑛2

 

Area "beyond" 𝑧𝑧 

𝐻𝐻0: 𝑝𝑝 = # 

𝐻𝐻𝑎𝑎: 𝑝𝑝 </>/≠  # 

𝑧𝑧 = 𝑝̂𝑝 − 𝑝𝑝

ට𝑝𝑝𝑝𝑝
𝑛𝑛

 

𝐻𝐻0: 𝑝𝑝1 = 𝑝𝑝2 

𝐻𝐻𝑎𝑎: 𝑝𝑝1 [ < | > | ≠≠ ] 𝑝𝑝2 

Because 𝑃𝑃-value [ < | > ] 𝛼𝛼, we 

[ REJECT | FAIL TO REJECT ] 𝐻𝐻0. There is 

[ ENOUGH | NOT ENOUGH ] evidence to { restate 𝐻𝐻𝑎𝑎} 

𝑝̅𝑝 = 𝑥𝑥1 + 𝑥𝑥2
𝑛𝑛1 + 𝑛𝑛2

 

𝑞̅𝑞 = 1 − 𝑝̅𝑝 

𝒛𝒛 𝒛𝒛 −𝒛𝒛 

1)

2)

3)

4)

Effectiveness of Nicotine Patch 
Placebo Non-Placebo

Subjects: 20 
# Successfully Quit: 11 

Subjects: 23 
# Successfully Quit: 17 

 

Placebo Non-Placebo 

EXAMPLE   

In an ANOVA test on mean weekly study time for different grade levels, 
you reject 𝐻𝐻0: Students in grades 10-12 study for the same amount of 
time. Determine which pair(s) of means are different with 𝛼𝛼 = 0.05. 

MULTIPLE COMPARISONS: TUKEY 
Tukey Test 

◆ ANOVA compares 3+ means. If 𝐻𝐻0 is rejected, Post-hoc tests can tell you which means are different.  

    ▪ Post-Hoc Tests, like Tukey, test __________ of means against each other. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

𝑞𝑞0 = 𝑥𝑥ҧ2 − 𝑥𝑥ҧ1
ට𝑠𝑠2

𝑛𝑛

 

𝑠𝑠2 = MSE from one-way ANOVA 
 

New 

1) Verify: ANOVA 𝐻𝐻0 was rejected? ☐

2) Crit. Val.: Studentized Range 𝑞𝑞-table 
𝑑𝑑𝑑𝑑 =  𝑁𝑁 − 𝑘𝑘 

𝑁𝑁 = # of total obs.   𝑘𝑘 = # of groups 

3) Get MSE from ANOVA readout  
One-way ANOVA 
  Error 

MS=  

For each pair of groups: 

4) 𝐻𝐻0: 𝜇𝜇1 = 𝜇𝜇2,      𝐻𝐻𝑎𝑎: 𝜇𝜇1 ≠ 𝜇𝜇2 

5) Test Statistic: 𝑞𝑞0 

6) Interpret: Compare 𝑞𝑞0 & Crit. Val. 

HOW TO: Perform Tukey 
Test 

 

𝐻𝐻0:  
𝐻𝐻𝑎𝑎: 

𝑞𝑞0 [ > | < ] Crit. Val. 

[ REJECT | FTR ] 𝐻𝐻0.  

𝑞𝑞0 =  
 

10th & 11th Grade 10th & 12th Grade 11th & 12th Grade 

𝑁𝑁 = _______ 𝑘𝑘 = ______  
𝑑𝑑𝑑𝑑 = ________ Critical Value = _______ 

MSE = _______ 

𝐻𝐻0: 𝜇𝜇11 = 𝜇𝜇12  

𝐻𝐻𝑎𝑎: 𝜇𝜇11 ≠ 𝜇𝜇12 

𝐻𝐻0: 𝜇𝜇10 = 𝜇𝜇12   

𝐻𝐻𝑎𝑎: 𝜇𝜇10 ≠ 𝜇𝜇12  

𝑞𝑞0 [ > | < ] Crit. Val. 

[ REJECT | FTR ] 𝐻𝐻0.  

𝑞𝑞0 [ > | < ] Crit. Val. 

[ REJECT | FTR ] 𝐻𝐻0.  

Grade 10 11 12 
Study Time 3 4.3 6 
Sample Size 10 10 10 

 

𝑞𝑞0 =  𝑞𝑞0 =  
−

ට(             )
 

−

ට(4.448
10 )

 
−

ට(4.448
10 )

 

# of total obs.

EXAMPLE   

In an ANOVA test on mean weekly study time for different grade levels, 
you reject 𝐻𝐻0: Students in grades 10-12 study for the same amount of 
time. Determine which pair(s) of means are different with 𝛼𝛼 = 0.05. 

MULTIPLE COMPARISONS: TUKEY 
Tukey Test 

◆ ANOVA compares 3+ means. If 𝐻𝐻0 is rejected, Post-hoc tests can tell you which means are different.  

    ▪ Post-Hoc Tests, like Tukey, test __________ of means against each other. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

𝑞𝑞0 = 𝑥𝑥ҧ2 − 𝑥𝑥ҧ1
ට𝑠𝑠2

𝑛𝑛

 

𝑠𝑠2 = MSE from one-way ANOVA 
 

New 

1) Verify: ANOVA 𝐻𝐻0 was rejected? ☐

2) Crit. Val.: Studentized Range 𝑞𝑞-table 
𝑑𝑑𝑑𝑑 =  𝑁𝑁 − 𝑘𝑘 

𝑁𝑁 = # of total obs.   𝑘𝑘 = # of groups 

3) Get MSE from ANOVA readout  
One-way ANOVA 
  Error 

MS=  

For each pair of groups: 

4) 𝐻𝐻0: 𝜇𝜇1 = 𝜇𝜇2,      𝐻𝐻𝑎𝑎: 𝜇𝜇1 ≠ 𝜇𝜇2 

5) Test Statistic: 𝑞𝑞0 

6) Interpret: Compare 𝑞𝑞0 & Crit. Val. 

HOW TO: Perform Tukey 
Test 

 

𝐻𝐻0:  
𝐻𝐻𝑎𝑎: 

𝑞𝑞0 [ > | < ] Crit. Val. 

[ REJECT | FTR ] 𝐻𝐻0.  

𝑞𝑞0 =  
 

10th & 11th Grade 10th & 12th Grade 11th & 12th Grade 

𝑁𝑁 = _______ 𝑘𝑘 = ______  
𝑑𝑑𝑑𝑑 = ________ Critical Value = _______ 

MSE = _______ 

𝐻𝐻0: 𝜇𝜇11 = 𝜇𝜇12  

𝐻𝐻𝑎𝑎: 𝜇𝜇11 ≠ 𝜇𝜇12 

𝐻𝐻0: 𝜇𝜇10 = 𝜇𝜇12   

𝐻𝐻𝑎𝑎: 𝜇𝜇10 ≠ 𝜇𝜇12  

𝑞𝑞0 [ > | < ] Crit. Val. 

[ REJECT | FTR ] 𝐻𝐻0.  

𝑞𝑞0 [ > | < ] Crit. Val. 

[ REJECT | FTR ] 𝐻𝐻0.  

Grade 10 11 12 
Study Time 3 4.3 6 
Sample Size 10 10 10 

 

𝑞𝑞0 =  𝑞𝑞0 =  
−

ට(             )
 

−

ට(4.448
10 )

 
−

ට(4.448
10 )

 

EXAMPLE   

In an ANOVA test on mean weekly study time for different grade levels, 
you reject 𝐻𝐻0: Students in grades 10-12 study for the same amount of 
time. Determine which pair(s) of means are different with 𝛼𝛼 = 0.05. 

MULTIPLE COMPARISONS: TUKEY 
Tukey Test 

◆ ANOVA compares 3+ means. If 𝐻𝐻0 is rejected, Post-hoc tests can tell you which means are different.  

    ▪ Post-Hoc Tests, like Tukey, test __________ of means against each other. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

𝑞𝑞0 = 𝑥𝑥ҧ2 − 𝑥𝑥ҧ1
ට𝑠𝑠2

𝑛𝑛

 

𝑠𝑠2 = MSE from one-way ANOVA 
 

New 

1) Verify: ANOVA 𝐻𝐻0 was rejected? ☐

2) Crit. Val.: Studentized Range 𝑞𝑞-table 
𝑑𝑑𝑑𝑑 =  𝑁𝑁 − 𝑘𝑘 

𝑁𝑁 = # of total obs.   𝑘𝑘 = # of groups 

3) Get MSE from ANOVA readout  
One-way ANOVA 
  Error 

MS=  

For each pair of groups: 

4) 𝐻𝐻0: 𝜇𝜇1 = 𝜇𝜇2,      𝐻𝐻𝑎𝑎: 𝜇𝜇1 ≠ 𝜇𝜇2 

5) Test Statistic: 𝑞𝑞0 

6) Interpret: Compare 𝑞𝑞0 & Crit. Val. 

HOW TO: Perform Tukey 
Test 

 

𝐻𝐻0:  
𝐻𝐻𝑎𝑎: 

𝑞𝑞0 [ > | < ] Crit. Val. 

[ REJECT | FTR ] 𝐻𝐻0.  

𝑞𝑞0 =  
 

10th & 11th Grade 10th & 12th Grade 11th & 12th Grade 

𝑁𝑁 = _______ 𝑘𝑘 = ______  
𝑑𝑑𝑑𝑑 = ________ Critical Value = _______ 

MSE = _______ 

𝐻𝐻0: 𝜇𝜇11 = 𝜇𝜇12  

𝐻𝐻𝑎𝑎: 𝜇𝜇11 ≠ 𝜇𝜇12 

𝐻𝐻0: 𝜇𝜇10 = 𝜇𝜇12   

𝐻𝐻𝑎𝑎: 𝜇𝜇10 ≠ 𝜇𝜇12  

𝑞𝑞0 [ > | < ] Crit. Val. 

[ REJECT | FTR ] 𝐻𝐻0.  

𝑞𝑞0 [ > | < ] Crit. Val. 

[ REJECT | FTR ] 𝐻𝐻0.  

Grade 10 11 12 
Study Time 3 4.3 6 
Sample Size 10 10 10 

 

𝑞𝑞0 =  𝑞𝑞0 =  
−

ට(             )
 

−

ට(4.448
10 )

 
−

ට(4.448
10 )

 

EXAMPLE   

In an ANOVA test on mean weekly study time for different grade levels, 
you reject 𝐻𝐻0: Students in grades 10-12 study for the same amount of 
time. Determine which pair(s) of means are different with 𝛼𝛼 = 0.05. 

MULTIPLE COMPARISONS: TUKEY 
Tukey Test 

◆ ANOVA compares 3+ means. If 𝐻𝐻0 is rejected, Post-hoc tests can tell you which means are different.  

    ▪ Post-Hoc Tests, like Tukey, test __________ of means against each other. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

𝑞𝑞0 = 𝑥𝑥ҧ2 − 𝑥𝑥ҧ1
ට𝑠𝑠2

𝑛𝑛

 

𝑠𝑠2 = MSE from one-way ANOVA 
 

New 

1) Verify: ANOVA 𝐻𝐻0 was rejected? ☐

2) Crit. Val.: Studentized Range 𝑞𝑞-table 
𝑑𝑑𝑑𝑑 =  𝑁𝑁 − 𝑘𝑘 

𝑁𝑁 = # of total obs.   𝑘𝑘 = # of groups 

3) Get MSE from ANOVA readout  
One-way ANOVA 
  Error 

MS=  

For each pair of groups: 

4) 𝐻𝐻0: 𝜇𝜇1 = 𝜇𝜇2,      𝐻𝐻𝑎𝑎: 𝜇𝜇1 ≠ 𝜇𝜇2 

5) Test Statistic: 𝑞𝑞0 

6) Interpret: Compare 𝑞𝑞0 & Crit. Val. 

HOW TO: Perform Tukey 
Test 

 

𝐻𝐻0:  
𝐻𝐻𝑎𝑎: 

𝑞𝑞0 [ > | < ] Crit. Val. 

[ REJECT | FTR ] 𝐻𝐻0.  

𝑞𝑞0 =  
 

10th & 11th Grade 10th & 12th Grade 11th & 12th Grade 

𝑁𝑁 = _______ 𝑘𝑘 = ______  
𝑑𝑑𝑑𝑑 = ________ Critical Value = _______ 

MSE = _______ 

𝐻𝐻0: 𝜇𝜇11 = 𝜇𝜇12  

𝐻𝐻𝑎𝑎: 𝜇𝜇11 ≠ 𝜇𝜇12 

𝐻𝐻0: 𝜇𝜇10 = 𝜇𝜇12   

𝐻𝐻𝑎𝑎: 𝜇𝜇10 ≠ 𝜇𝜇12  

𝑞𝑞0 [ > | < ] Crit. Val. 

[ REJECT | FTR ] 𝐻𝐻0.  

𝑞𝑞0 [ > | < ] Crit. Val. 

[ REJECT | FTR ] 𝐻𝐻0.  

Grade 10 11 12 
Study Time 3 4.3 6 
Sample Size 10 10 10 

 

𝑞𝑞0 =  𝑞𝑞0 =  
−

ට(             )
 

−

ට(4.448
10 )

 
−

ට(4.448
10 )

 

# of groups

EXAMPLE 

The table summarizes a study on the success rate of a nicotine 
patch in helping people quit smoking. Perform a hypothesis test 
using 𝜶𝜶 = 𝟎𝟎. 𝟎𝟎𝟎𝟎 to determine if the proportion of subjects who 
quit smoking is different in the two groups. 

TOPIC: TWO PROPORTIONS 

Difference in Proportions: Hypothesis Tests 

◆ When conducting hypothesis tests with proportions given 2 samples instead of 1: 

▪ Write 𝐻𝐻0 as 𝑝𝑝1 = _____, i.e. 𝑝𝑝1 − 𝑝𝑝2 = 0 

▪ Find the 𝑧𝑧-score using the ________ sample proportion (𝑝̅𝑝) which is 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 # 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡  of both groups. 

 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The table summarizes a study on the success rate of a nicotine patch in helping people quit smoking. Perform a 
hypothesis test using 𝜶𝜶 = 𝟎𝟎. 𝟎𝟎𝟎𝟎 to determine if the proportion of subjects who quit smoking is different in the two 
groups. 
  

Random Samples?  ☐
Independent Samples?  ☐
≥ 5 success in each sample? ☐
≥ 5 failures in each sample? ☐

𝑛𝑛1 = ____      𝑛𝑛2 = ____ 
𝑥𝑥1 = ____     𝑥𝑥2 = ____  
𝑝̂𝑝1 = ____     𝑝̂𝑝2 = ____  

Because 𝑃𝑃-value [ < | > ] 𝛼𝛼, we [ REJECT | FAIL TO REJECT ] 𝐻𝐻0. 

There is [ ENOUGH | NOT ENOUGH ] evidence  

𝑝̅𝑝 = 

𝑞̅𝑞 = 

𝑧𝑧 = 

 

𝑃𝑃-value: 

𝐻𝐻0:  𝐻𝐻𝑎𝑎: 

 

1 Prop. 2 Proportions 

H
yp
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𝑧𝑧 =
ሺ𝑝̂𝑝1 − 𝑝̂𝑝2ሻ − ሺ𝑝𝑝1 − 𝑝𝑝2ሻ

ට𝑝̅𝑝𝑞̅𝑞
𝑛𝑛1

+ 𝑝̅𝑝𝑞̅𝑞
𝑛𝑛2

 

Area "beyond" 𝑧𝑧 

𝐻𝐻0: 𝑝𝑝 = # 

𝐻𝐻𝑎𝑎: 𝑝𝑝 </>/≠  # 

𝑧𝑧 = 𝑝̂𝑝 − 𝑝𝑝

ට𝑝𝑝𝑝𝑝
𝑛𝑛

 

𝐻𝐻0: 𝑝𝑝1 = 𝑝𝑝2 

𝐻𝐻𝑎𝑎: 𝑝𝑝1 [ < | > | ≠≠ ] 𝑝𝑝2 

Because 𝑃𝑃-value [ < | > ] 𝛼𝛼, we 

[ REJECT | FAIL TO REJECT ] 𝐻𝐻0. There is 

[ ENOUGH | NOT ENOUGH ] evidence to { restate 𝐻𝐻𝑎𝑎} 

𝑝̅𝑝 = 𝑥𝑥1 + 𝑥𝑥2
𝑛𝑛1 + 𝑛𝑛2

 

𝑞̅𝑞 = 1 − 𝑝̅𝑝 

𝒛𝒛 𝒛𝒛 −𝒛𝒛 

1)

2)

3)

4)

Effectiveness of Nicotine Patch 
Placebo Non-Placebo

Subjects: 20 
# Successfully Quit: 11 

Subjects: 23 
# Successfully Quit: 17 

 

Placebo Non-Placebo 

To find on calc: 

EXAMPLE   
In an ANOVA test on mean weekly study time for different grade levels, 
you reject 𝐻𝐻0: Students in grades 10-12 study for the same amount of 
time. Determine which pair(s) of means are different with 𝛼𝛼 = 0.05. 

TOPIC: MULTIPLE COMPARISONS: BONFERRONI 
The Bonferroni Test 

◆ Recall: ANOVA compares 3+ means. If 𝐻𝐻0 is rejected, Post-hoc tests can tell you which means are different.  

    ▪ Post-Hoc Tests, like Bonferroni, test __________ of means against each other. 

 
 
  
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

1) Verify: ANOVA 𝐻𝐻0 was rejected? ☐

2) Get MSE from ANOVA readout  
One-way ANOVA 
  Error 

MS=  

For each pair of groups: 

3) 𝐻𝐻0: 𝜇𝜇1 = 𝜇𝜇2,      𝐻𝐻𝑎𝑎: 𝜇𝜇1 ≠ 𝜇𝜇2 

4) Calculate 𝑡𝑡 (use 𝑠𝑠2 = 𝐌𝐌𝐌𝐌𝐌𝐌) 

5) 𝑃𝑃-value: use 𝑑𝑑𝑑𝑑 =  𝑁𝑁 − 𝑘𝑘 

𝑁𝑁 = # of total obs. 𝑘𝑘 = # of groups 

6) Multiply 𝑃𝑃-value by # of _________ 

To find on calc:         PROB    

  3:nCr,  Enter 𝐶𝐶𝑘𝑘
 

2 

7) State Conclusion 

HOW TO: Perform 
Bonferroni Test on TI-84 

 

> 
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BIZ REG 

(Two Means t-Test) 

𝑡𝑡 = 𝑥𝑥ҧ1 − 𝑥𝑥ҧ2

ඨ𝑠𝑠1
2

𝑛𝑛1
+ 𝑠𝑠2

2

𝑛𝑛2

Recall 
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10th & 11th Grade 10th & 12th Grade 11th & 12th Grade 

𝐻𝐻0: 𝜇𝜇11 = 𝜇𝜇12  
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𝐻𝐻0: 𝜇𝜇10 = 𝜇𝜇12 

𝐻𝐻𝑎𝑎: 𝜇𝜇10 ≠ 𝜇𝜇12 

𝑡𝑡 = 𝑥𝑥ҧ1 − 𝑥𝑥ҧ2
ට𝑠𝑠2 ⋅ ቀ 1

𝑛𝑛1
+ 1

𝑛𝑛2
ቁ

𝑠𝑠2 = MSE from one-way ANOVA 

New 

𝑡𝑡 = −

ට            (     
      +     

      )
 𝑡𝑡 = −

ට4.448 ⋅ ቀ 1
10 + 1

10ቁ
 𝑡𝑡 = −

ට4.448 ⋅ ቀ 1
10 + 1

10ቁ
 

𝑃𝑃-value = _____ 
# of pairs = 3    
𝑃𝑃-val ⋅ # pairs = _____ 

𝑃𝑃-value = _____ 
# of pairs = _____ 
𝑃𝑃-val ⋅ # pairs = _____ 

𝑃𝑃-value = _____ 
# of pairs = 3 
𝑃𝑃-val ⋅ # pairs = _____ 

𝑃𝑃-val ⋅ # pairs [ < | > ] 𝛼𝛼 
[ REJECT | FTR ] 𝐻𝐻0

𝑃𝑃-val ⋅ # pairs [ < | > ] 𝛼𝛼 
[ REJECT | FTR ] 𝐻𝐻0

𝑃𝑃-val ⋅ # pairs [ < | > ] 𝛼𝛼 
[ REJECT | FTR ] 𝐻𝐻0

MSE = ______ 

𝑁𝑁 = _____ ,  

𝑘𝑘 = _____ ,  
𝑑𝑑𝑑𝑑 = ____  

Grade Weekly Study Times (hrs) 𝒙̅𝒙 𝒏𝒏 
10 3 4 4 2 1 0 3 6 5 2 3 10 

11 4 5 6 3 7 8 2 3 1 4 4.3 10 

12 7 5 8 3 6 7 8 5 9 2 6 10 
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In an ANOVA test on mean weekly study time for different grade levels, 
you reject 𝐻𝐻0: Students in grades 10-12 study for the same amount of 
time. Determine which pair(s) of means are different with 𝛼𝛼 = 0.05. 

TOPIC: MULTIPLE COMPARISONS: BONFERRONI 
The Bonferroni Test 

◆ Recall: ANOVA compares 3+ means. If 𝐻𝐻0 is rejected, Post-hoc tests can tell you which means are different.  

    ▪ Post-Hoc Tests, like Bonferroni, test __________ of means against each other. 
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7) State Conclusion 

HOW TO: Perform 
Bonferroni Test on TI-84 
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In an ANOVA test on mean weekly study time for different grade levels, 
you reject 𝐻𝐻0: Students in grades 10-12 study for the same amount of 
time. Determine which pair(s) of means are different with 𝛼𝛼 = 0.05. 

TOPIC: MULTIPLE COMPARISONS: BONFERRONI 
The Bonferroni Test 

◆ Recall: ANOVA compares 3+ means. If 𝐻𝐻0 is rejected, Post-hoc tests can tell you which means are different.  

    ▪ Post-Hoc Tests, like Bonferroni, test __________ of means against each other. 
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7) State Conclusion

New

TOPIC: MULTIPLE COMPARISONS: BONFERRONI 
 
 
 
 
 
 
 
 
 
 
 

𝑡𝑡 = 𝑥̅𝑥1 − 𝑥̅𝑥2
√𝑠𝑠2 ⋅ ( 1𝑛𝑛1 +

1
𝑛𝑛2)

𝑠𝑠2 = MSE from one-way ANOVA 

TOPIC: MULTIPLE COMPARISONS: BONFERRONI 
 
 
 
 
 
 
 
 
 
 
 

𝑡𝑡 = 𝑥̅𝑥1 − 𝑥̅𝑥2
√𝑠𝑠2 ⋅ ( 1𝑛𝑛1 +

1
𝑛𝑛2)

𝑠𝑠2 = MSE from one-way ANOVA from one-way ANOVA

10th & 11th Grade 11th & 12th Grade 10th & 12th Grade



TOPIC: MULTIPLE COMPARISONS: BONFERRONI

PRACTICE

A researcher is comparing mean cholesterol levels across 4 diet plans (A, B, C, D) in a One-Way ANOVA test. If H0 was 
rejected and the researcher were to use a Bonferroni Test, how many pairs of comparisons would they do?

PRACTICE

For which of the following scenarios would it be most appropriate to run a Bonferroni Test to see which mean(s) are 
significantly different from the rest?

A) B) C)



TOPIC: MULTIPLE COMPARISONS: BONFERRONI

A cereal brand evaluates 3 different cereals to determine which is best appealing based on taste ratings (1-10) from 
customers. Their initial findings reject H0: the mean taste ratings of the cereals are the same. The table below shows 
taste ratings from random samples of participants. Use a Bonferroni Test to compare Cereal A vs. C. If A vs. B and 
B vs. C yield 𝑃-values of 0.0014 & 0.0004 respectively, what can you conclude about Cereal B?

EXAMPLE

HOW TO: Perform 
Bonferroni Test on TI-84

1) 

2)

Verify: ANOVA      was rejected?

EXAMPLE   

In an ANOVA test on mean weekly study time for different grade levels, 
you reject 𝐻𝐻0: Students in grades 10-12 study for the same amount of 
time. Determine which pair(s) of means are different with 𝛼𝛼 = 0.05. 

MULTIPLE COMPARISONS: TUKEY 
Tukey Test 

◆ ANOVA compares 3+ means. If 𝐻𝐻0 is rejected, Post-hoc tests can tell you which means are different.  

    ▪ Post-Hoc Tests, like Tukey, test __________ of means against each other. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

𝑞𝑞0 = 𝑥𝑥ҧ2 − 𝑥𝑥ҧ1
ට𝑠𝑠2

𝑛𝑛

 

𝑠𝑠2 = MSE from one-way ANOVA 
 

New 

1) Verify: ANOVA 𝐻𝐻0 was rejected? ☐

2) Crit. Val.: Studentized Range 𝑞𝑞-table 
𝑑𝑑𝑑𝑑 =  𝑁𝑁 − 𝑘𝑘 

𝑁𝑁 = # of total obs.   𝑘𝑘 = # of groups 

3) Get MSE from ANOVA readout  
One-way ANOVA 
  Error 

MS=  

For each pair of groups: 

4) 𝐻𝐻0: 𝜇𝜇1 = 𝜇𝜇2,      𝐻𝐻𝑎𝑎: 𝜇𝜇1 ≠ 𝜇𝜇2 

5) Test Statistic: 𝑞𝑞0 

6) Interpret: Compare 𝑞𝑞0 & Crit. Val. 

HOW TO: Perform Tukey 
Test 

 

𝐻𝐻0:  
𝐻𝐻𝑎𝑎: 

𝑞𝑞0 [ > | < ] Crit. Val. 

[ REJECT | FTR ] 𝐻𝐻0.  

𝑞𝑞0 =  
 

10th & 11th Grade 10th & 12th Grade 11th & 12th Grade 

𝑁𝑁 = _______ 𝑘𝑘 = ______  
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𝐻𝐻𝑎𝑎: 𝜇𝜇11 ≠ 𝜇𝜇12 
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𝑞𝑞0 [ > | < ] Crit. Val. 

[ REJECT | FTR ] 𝐻𝐻0.  

𝑞𝑞0 [ > | < ] Crit. Val. 

[ REJECT | FTR ] 𝐻𝐻0.  

Grade 10 11 12 
Study Time 3 4.3 6 
Sample Size 10 10 10 

 

𝑞𝑞0 =  𝑞𝑞0 =  
−

ට(             )
 

−

ට(4.448
10 )

 
−

ට(4.448
10 )

 

Get MSE from ANOVA readout

EXAMPLE   

In an ANOVA test on mean weekly study time for different grade levels, 
you reject 𝐻𝐻0: Students in grades 10-12 study for the same amount of 
time. Determine which pair(s) of means are different with 𝛼𝛼 = 0.05. 

MULTIPLE COMPARISONS: TUKEY 
Tukey Test 

◆ ANOVA compares 3+ means. If 𝐻𝐻0 is rejected, Post-hoc tests can tell you which means are different.  

    ▪ Post-Hoc Tests, like Tukey, test __________ of means against each other. 
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HOW TO: Perform Tukey 
Test 

 

𝐻𝐻0:  
𝐻𝐻𝑎𝑎: 
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3)

EXAMPLE   

In an ANOVA test on mean weekly study time for different grade levels, 
you reject 𝐻𝐻0: Students in grades 10-12 study for the same amount of 
time. Determine which pair(s) of means are different with 𝛼𝛼 = 0.05. 

MULTIPLE COMPARISONS: TUKEY 
Tukey Test 

◆ ANOVA compares 3+ means. If 𝐻𝐻0 is rejected, Post-hoc tests can tell you which means are different.  

    ▪ Post-Hoc Tests, like Tukey, test __________ of means against each other. 
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𝑠𝑠2 = MSE from one-way ANOVA 
 

New 

1) Verify: ANOVA 𝐻𝐻0 was rejected? ☐
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3) Get MSE from ANOVA readout  
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5) Test Statistic: 𝑞𝑞0 

6) Interpret: Compare 𝑞𝑞0 & Crit. Val. 

HOW TO: Perform Tukey 
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𝐻𝐻0:  
𝐻𝐻𝑎𝑎: 

𝑞𝑞0 [ > | < ] Crit. Val. 

[ REJECT | FTR ] 𝐻𝐻0.  
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𝑁𝑁 = _______ 𝑘𝑘 = ______  
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5)

6) Multiply    -value by # of _________

EXAMPLE   

In an ANOVA test on mean weekly study time for different grade levels, 
you reject 𝐻𝐻0: Students in grades 10-12 study for the same amount of 
time. Determine which pair(s) of means are different with 𝛼𝛼 = 0.05. 

MULTIPLE COMPARISONS: TUKEY 
Tukey Test 

◆ ANOVA compares 3+ means. If 𝐻𝐻0 is rejected, Post-hoc tests can tell you which means are different.  

    ▪ Post-Hoc Tests, like Tukey, test __________ of means against each other. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

𝑞𝑞0 = 𝑥𝑥ҧ2 − 𝑥𝑥ҧ1
ට𝑠𝑠2

𝑛𝑛

 

𝑠𝑠2 = MSE from one-way ANOVA 
 

New 

1) Verify: ANOVA 𝐻𝐻0 was rejected? ☐

2) Crit. Val.: Studentized Range 𝑞𝑞-table 
𝑑𝑑𝑑𝑑 =  𝑁𝑁 − 𝑘𝑘 

𝑁𝑁 = # of total obs.   𝑘𝑘 = # of groups 

3) Get MSE from ANOVA readout  
One-way ANOVA 
  Error 

MS=  

For each pair of groups: 

4) 𝐻𝐻0: 𝜇𝜇1 = 𝜇𝜇2,      𝐻𝐻𝑎𝑎: 𝜇𝜇1 ≠ 𝜇𝜇2 

5) Test Statistic: 𝑞𝑞0 

6) Interpret: Compare 𝑞𝑞0 & Crit. Val. 

HOW TO: Perform Tukey 
Test 

 

𝐻𝐻0:  
𝐻𝐻𝑎𝑎: 

𝑞𝑞0 [ > | < ] Crit. Val. 

[ REJECT | FTR ] 𝐻𝐻0.  

𝑞𝑞0 =  
 

10th & 11th Grade 10th & 12th Grade 11th & 12th Grade 

𝑁𝑁 = _______ 𝑘𝑘 = ______  
𝑑𝑑𝑑𝑑 = ________ Critical Value = _______ 

MSE = _______ 

𝐻𝐻0: 𝜇𝜇11 = 𝜇𝜇12  

𝐻𝐻𝑎𝑎: 𝜇𝜇11 ≠ 𝜇𝜇12 

𝐻𝐻0: 𝜇𝜇10 = 𝜇𝜇12   

𝐻𝐻𝑎𝑎: 𝜇𝜇10 ≠ 𝜇𝜇12  

𝑞𝑞0 [ > | < ] Crit. Val. 

[ REJECT | FTR ] 𝐻𝐻0.  

𝑞𝑞0 [ > | < ] Crit. Val. 

[ REJECT | FTR ] 𝐻𝐻0.  

Grade 10 11 12 
Study Time 3 4.3 6 
Sample Size 10 10 10 

 

𝑞𝑞0 =  𝑞𝑞0 =  
−

ට(             )
 

−

ට(4.448
10 )

 
−

ට(4.448
10 )

 

EXAMPLE   

In an ANOVA test on mean weekly study time for different grade levels, 
you reject 𝐻𝐻0: Students in grades 10-12 study for the same amount of 
time. Determine which pair(s) of means are different with 𝛼𝛼 = 0.05. 

MULTIPLE COMPARISONS: TUKEY 
Tukey Test 

◆ ANOVA compares 3+ means. If 𝐻𝐻0 is rejected, Post-hoc tests can tell you which means are different.  

    ▪ Post-Hoc Tests, like Tukey, test __________ of means against each other. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

𝑞𝑞0 = 𝑥𝑥ҧ2 − 𝑥𝑥ҧ1
ට𝑠𝑠2

𝑛𝑛

 

𝑠𝑠2 = MSE from one-way ANOVA 
 

New 

1) Verify: ANOVA 𝐻𝐻0 was rejected? ☐

2) Crit. Val.: Studentized Range 𝑞𝑞-table 
𝑑𝑑𝑑𝑑 =  𝑁𝑁 − 𝑘𝑘 

𝑁𝑁 = # of total obs.   𝑘𝑘 = # of groups 

3) Get MSE from ANOVA readout  
One-way ANOVA 
  Error 

MS=  

For each pair of groups: 

4) 𝐻𝐻0: 𝜇𝜇1 = 𝜇𝜇2,      𝐻𝐻𝑎𝑎: 𝜇𝜇1 ≠ 𝜇𝜇2 

5) Test Statistic: 𝑞𝑞0 

6) Interpret: Compare 𝑞𝑞0 & Crit. Val. 

HOW TO: Perform Tukey 
Test 

 

𝐻𝐻0:  
𝐻𝐻𝑎𝑎: 

𝑞𝑞0 [ > | < ] Crit. Val. 

[ REJECT | FTR ] 𝐻𝐻0.  

𝑞𝑞0 =  
 

10th & 11th Grade 10th & 12th Grade 11th & 12th Grade 

𝑁𝑁 = _______ 𝑘𝑘 = ______  
𝑑𝑑𝑑𝑑 = ________ Critical Value = _______ 

MSE = _______ 

𝐻𝐻0: 𝜇𝜇11 = 𝜇𝜇12  

𝐻𝐻𝑎𝑎: 𝜇𝜇11 ≠ 𝜇𝜇12 

𝐻𝐻0: 𝜇𝜇10 = 𝜇𝜇12   

𝐻𝐻𝑎𝑎: 𝜇𝜇10 ≠ 𝜇𝜇12  

𝑞𝑞0 [ > | < ] Crit. Val. 

[ REJECT | FTR ] 𝐻𝐻0.  

𝑞𝑞0 [ > | < ] Crit. Val. 

[ REJECT | FTR ] 𝐻𝐻0.  

Grade 10 11 12 
Study Time 3 4.3 6 
Sample Size 10 10 10 

 

𝑞𝑞0 =  𝑞𝑞0 =  
−

ට(             )
 

−

ට(4.448
10 )

 
−

ට(4.448
10 )

 

MULTIPLE COMPARISONS: TUKEY-KRAMER 
Tukey-Kramer Test 

◆ ANOVA compares 3+ means. If 𝐻𝐻0 is rejected, Post-hoc tests can tell you which means are different.  

    ▪ Post-Hoc Tests, like Tukey-Kramer, test __________ of means against each other. 

 

 
 
 
 

1) Verify: ANOVA 𝐻𝐻0 was rejected? ☐

2) Crit. Val.: Studentized Range 𝑞𝑞-table 
𝑑𝑑𝑑𝑑 =  𝑁𝑁 − 𝑘𝑘 

𝑁𝑁 = # of total obs.   𝑘𝑘 = # of groups 

3) Get MSE from ANOVA readout  
One-way ANOVA 
  Error 

MS=  

For each pair of groups: 

4) 𝐻𝐻0: 𝜇𝜇1 = 𝜇𝜇2,      𝐻𝐻𝑎𝑎: 𝜇𝜇1 ≠ 𝜇𝜇2 

5) Test Statistic: 𝑞𝑞0 

6) Interpret: Compare 𝑞𝑞0 & Crit. Val. 

HOW TO: Perform Tukey-
Kramer Test 

 

For each pair of groups:

4) Calculate    (use                  )

EXAMPLE   
In an ANOVA test on mean weekly study time for different grade levels, 
you reject 𝐻𝐻0: Students in grades 10-12 study for the same amount of 
time. Determine which pair(s) of means are different with 𝛼𝛼 = 0.05. 

TOPIC: MULTIPLE COMPARISONS: BONFERRONI 
The Bonferroni Test 

◆ Recall: ANOVA compares 3+ means. If 𝐻𝐻0 is rejected, Post-hoc tests can tell you which means are different.  

    ▪ Post-Hoc Tests, like Bonferroni, test __________ of means against each other. 

 
 
  
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

1) Verify: ANOVA 𝐻𝐻0 was rejected? ☐

2) Get MSE from ANOVA readout  
One-way ANOVA 
  Error 

MS=  

For each pair of groups: 

3) 𝐻𝐻0: 𝜇𝜇1 = 𝜇𝜇2,      𝐻𝐻𝑎𝑎: 𝜇𝜇1 ≠ 𝜇𝜇2 

4) Calculate 𝑡𝑡 (use 𝑠𝑠2 = 𝐌𝐌𝐌𝐌𝐌𝐌) 

5) 𝑃𝑃-value: use 𝑑𝑑𝑑𝑑 =  𝑁𝑁 − 𝑘𝑘 

𝑁𝑁 = # of total obs. 𝑘𝑘 = # of groups 

6) Multiply 𝑃𝑃-value by # of _________ 

To find on calc:         PROB    

  3:nCr,  Enter 𝐶𝐶𝑘𝑘
 

2 

7) State Conclusion 

HOW TO: Perform 
Bonferroni Test on TI-84 

 

> 
> 

BIZ REG 

(Two Means t-Test) 

𝑡𝑡 = 𝑥𝑥ҧ1 − 𝑥𝑥ҧ2

ඨ𝑠𝑠1
2

𝑛𝑛1
+ 𝑠𝑠2

2

𝑛𝑛2

Recall 

𝐻𝐻0:  
𝐻𝐻𝑎𝑎: 

10th & 11th Grade 10th & 12th Grade 11th & 12th Grade 

𝐻𝐻0: 𝜇𝜇11 = 𝜇𝜇12  

𝐻𝐻𝑎𝑎: 𝜇𝜇11 ≠ 𝜇𝜇12 

𝐻𝐻0: 𝜇𝜇10 = 𝜇𝜇12 

𝐻𝐻𝑎𝑎: 𝜇𝜇10 ≠ 𝜇𝜇12 

𝑡𝑡 = 𝑥𝑥ҧ1 − 𝑥𝑥ҧ2
ට𝑠𝑠2 ⋅ ቀ 1

𝑛𝑛1
+ 1

𝑛𝑛2
ቁ

𝑠𝑠2 = MSE from one-way ANOVA 

New 

𝑡𝑡 = −

ට            (     
      +     

      )
 𝑡𝑡 = −

ට4.448 ⋅ ቀ 1
10 + 1

10ቁ
 𝑡𝑡 = −

ට4.448 ⋅ ቀ 1
10 + 1

10ቁ
 

𝑃𝑃-value = _____ 
# of pairs = 3    
𝑃𝑃-val ⋅ # pairs = _____ 

𝑃𝑃-value = _____ 
# of pairs = _____ 
𝑃𝑃-val ⋅ # pairs = _____ 

𝑃𝑃-value = _____ 
# of pairs = 3 
𝑃𝑃-val ⋅ # pairs = _____ 

𝑃𝑃-val ⋅ # pairs [ < | > ] 𝛼𝛼 
[ REJECT | FTR ] 𝐻𝐻0

𝑃𝑃-val ⋅ # pairs [ < | > ] 𝛼𝛼 
[ REJECT | FTR ] 𝐻𝐻0

𝑃𝑃-val ⋅ # pairs [ < | > ] 𝛼𝛼 
[ REJECT | FTR ] 𝐻𝐻0

MSE = ______ 

𝑁𝑁 = _____ ,  

𝑘𝑘 = _____ ,  
𝑑𝑑𝑑𝑑 = ____  

Grade Weekly Study Times (hrs) 𝒙̅𝒙 𝒏𝒏 
10 3 4 4 2 1 0 3 6 5 2 3 10 

11 4 5 6 3 7 8 2 3 1 4 4.3 10 

12 7 5 8 3 6 7 8 5 9 2 6 10 

 

EXAMPLE   
In an ANOVA test on mean weekly study time for different grade levels, 
you reject 𝐻𝐻0: Students in grades 10-12 study for the same amount of 
time. Determine which pair(s) of means are different with 𝛼𝛼 = 0.05. 

TOPIC: MULTIPLE COMPARISONS: BONFERRONI 
The Bonferroni Test 

◆ Recall: ANOVA compares 3+ means. If 𝐻𝐻0 is rejected, Post-hoc tests can tell you which means are different.  

    ▪ Post-Hoc Tests, like Bonferroni, test __________ of means against each other. 

 
 
  
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

1) Verify: ANOVA 𝐻𝐻0 was rejected? ☐

2) Get MSE from ANOVA readout  
One-way ANOVA 
  Error 

MS=  

For each pair of groups: 

3) 𝐻𝐻0: 𝜇𝜇1 = 𝜇𝜇2,      𝐻𝐻𝑎𝑎: 𝜇𝜇1 ≠ 𝜇𝜇2 

4) Calculate 𝑡𝑡 (use 𝑠𝑠2 = 𝐌𝐌𝐌𝐌𝐌𝐌) 

5) 𝑃𝑃-value: use 𝑑𝑑𝑑𝑑 =  𝑁𝑁 − 𝑘𝑘 

𝑁𝑁 = # of total obs. 𝑘𝑘 = # of groups 

6) Multiply 𝑃𝑃-value by # of _________ 

To find on calc:         PROB    

  3:nCr,  Enter 𝐶𝐶𝑘𝑘
 

2 

7) State Conclusion 

HOW TO: Perform 
Bonferroni Test on TI-84 

 

> 
> 

BIZ REG 

(Two Means t-Test) 

𝑡𝑡 = 𝑥𝑥ҧ1 − 𝑥𝑥ҧ2

ඨ𝑠𝑠1
2

𝑛𝑛1
+ 𝑠𝑠2

2

𝑛𝑛2

Recall 

𝐻𝐻0:  
𝐻𝐻𝑎𝑎: 

10th & 11th Grade 10th & 12th Grade 11th & 12th Grade 

𝐻𝐻0: 𝜇𝜇11 = 𝜇𝜇12  

𝐻𝐻𝑎𝑎: 𝜇𝜇11 ≠ 𝜇𝜇12 

𝐻𝐻0: 𝜇𝜇10 = 𝜇𝜇12 

𝐻𝐻𝑎𝑎: 𝜇𝜇10 ≠ 𝜇𝜇12 

𝑡𝑡 = 𝑥𝑥ҧ1 − 𝑥𝑥ҧ2
ට𝑠𝑠2 ⋅ ቀ 1

𝑛𝑛1
+ 1

𝑛𝑛2
ቁ

𝑠𝑠2 = MSE from one-way ANOVA 

New 

𝑡𝑡 = −

ට            (     
      +     

      )
 𝑡𝑡 = −

ට4.448 ⋅ ቀ 1
10 + 1

10ቁ
 𝑡𝑡 = −

ට4.448 ⋅ ቀ 1
10 + 1

10ቁ
 

𝑃𝑃-value = _____ 
# of pairs = 3    
𝑃𝑃-val ⋅ # pairs = _____ 

𝑃𝑃-value = _____ 
# of pairs = _____ 
𝑃𝑃-val ⋅ # pairs = _____ 

𝑃𝑃-value = _____ 
# of pairs = 3 
𝑃𝑃-val ⋅ # pairs = _____ 

𝑃𝑃-val ⋅ # pairs [ < | > ] 𝛼𝛼 
[ REJECT | FTR ] 𝐻𝐻0

𝑃𝑃-val ⋅ # pairs [ < | > ] 𝛼𝛼 
[ REJECT | FTR ] 𝐻𝐻0

𝑃𝑃-val ⋅ # pairs [ < | > ] 𝛼𝛼 
[ REJECT | FTR ] 𝐻𝐻0

MSE = ______ 

𝑁𝑁 = _____ ,  

𝑘𝑘 = _____ ,  
𝑑𝑑𝑑𝑑 = ____  

Grade Weekly Study Times (hrs) 𝒙̅𝒙 𝒏𝒏 
10 3 4 4 2 1 0 3 6 5 2 3 10 

11 4 5 6 3 7 8 2 3 1 4 4.3 10 

12 7 5 8 3 6 7 8 5 9 2 6 10 

 

   -value: use 

EXAMPLE 

The table summarizes a study on the success rate of a nicotine 
patch in helping people quit smoking. Perform a hypothesis test 
using 𝜶𝜶 = 𝟎𝟎. 𝟎𝟎𝟎𝟎 to determine if the proportion of subjects who 
quit smoking is different in the two groups. 

TOPIC: TWO PROPORTIONS 

Difference in Proportions: Hypothesis Tests 

◆ When conducting hypothesis tests with proportions given 2 samples instead of 1: 

▪ Write 𝐻𝐻0 as 𝑝𝑝1 = _____, i.e. 𝑝𝑝1 − 𝑝𝑝2 = 0 

▪ Find the 𝑧𝑧-score using the ________ sample proportion (𝑝̅𝑝) which is 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 # 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡  of both groups. 

 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The table summarizes a study on the success rate of a nicotine patch in helping people quit smoking. Perform a 
hypothesis test using 𝜶𝜶 = 𝟎𝟎. 𝟎𝟎𝟎𝟎 to determine if the proportion of subjects who quit smoking is different in the two 
groups. 
  

Random Samples?  ☐
Independent Samples?  ☐
≥ 5 success in each sample? ☐
≥ 5 failures in each sample? ☐

𝑛𝑛1 = ____      𝑛𝑛2 = ____ 
𝑥𝑥1 = ____     𝑥𝑥2 = ____  
𝑝̂𝑝1 = ____     𝑝̂𝑝2 = ____  

Because 𝑃𝑃-value [ < | > ] 𝛼𝛼, we [ REJECT | FAIL TO REJECT ] 𝐻𝐻0. 

There is [ ENOUGH | NOT ENOUGH ] evidence  

𝑝̅𝑝 = 

𝑞̅𝑞 = 

𝑧𝑧 = 

 

𝑃𝑃-value: 

𝐻𝐻0:  𝐻𝐻𝑎𝑎: 

 

1 Prop. 2 Proportions 

H
yp

. 
Te

st
 S

ta
t.

 
P-

Va
l. 

Co
nc

lu
de

 

𝑧𝑧 =
ሺ𝑝̂𝑝1 − 𝑝̂𝑝2ሻ − ሺ𝑝𝑝1 − 𝑝𝑝2ሻ

ට𝑝̅𝑝𝑞̅𝑞
𝑛𝑛1

+ 𝑝̅𝑝𝑞̅𝑞
𝑛𝑛2

 

Area "beyond" 𝑧𝑧 

𝐻𝐻0: 𝑝𝑝 = # 

𝐻𝐻𝑎𝑎: 𝑝𝑝 </>/≠  # 

𝑧𝑧 = 𝑝̂𝑝 − 𝑝𝑝

ට𝑝𝑝𝑝𝑝
𝑛𝑛

 

𝐻𝐻0: 𝑝𝑝1 = 𝑝𝑝2 

𝐻𝐻𝑎𝑎: 𝑝𝑝1 [ < | > | ≠≠ ] 𝑝𝑝2 

Because 𝑃𝑃-value [ < | > ] 𝛼𝛼, we 

[ REJECT | FAIL TO REJECT ] 𝐻𝐻0. There is 

[ ENOUGH | NOT ENOUGH ] evidence to { restate 𝐻𝐻𝑎𝑎} 

𝑝̅𝑝 = 𝑥𝑥1 + 𝑥𝑥2
𝑛𝑛1 + 𝑛𝑛2

 

𝑞̅𝑞 = 1 − 𝑝̅𝑝 

𝒛𝒛 𝒛𝒛 −𝒛𝒛 

1)

2)

3)

4)

Effectiveness of Nicotine Patch 
Placebo Non-Placebo

Subjects: 20 
# Successfully Quit: 11 

Subjects: 23 
# Successfully Quit: 17 

 

Placebo Non-Placebo 

EXAMPLE   

In an ANOVA test on mean weekly study time for different grade levels, 
you reject 𝐻𝐻0: Students in grades 10-12 study for the same amount of 
time. Determine which pair(s) of means are different with 𝛼𝛼 = 0.05. 

MULTIPLE COMPARISONS: TUKEY 
Tukey Test 

◆ ANOVA compares 3+ means. If 𝐻𝐻0 is rejected, Post-hoc tests can tell you which means are different.  

    ▪ Post-Hoc Tests, like Tukey, test __________ of means against each other. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

𝑞𝑞0 = 𝑥𝑥ҧ2 − 𝑥𝑥ҧ1
ට𝑠𝑠2

𝑛𝑛

 

𝑠𝑠2 = MSE from one-way ANOVA 
 

New 

1) Verify: ANOVA 𝐻𝐻0 was rejected? ☐

2) Crit. Val.: Studentized Range 𝑞𝑞-table 
𝑑𝑑𝑑𝑑 =  𝑁𝑁 − 𝑘𝑘 

𝑁𝑁 = # of total obs.   𝑘𝑘 = # of groups 

3) Get MSE from ANOVA readout  
One-way ANOVA 
  Error 

MS=  

For each pair of groups: 

4) 𝐻𝐻0: 𝜇𝜇1 = 𝜇𝜇2,      𝐻𝐻𝑎𝑎: 𝜇𝜇1 ≠ 𝜇𝜇2 

5) Test Statistic: 𝑞𝑞0 

6) Interpret: Compare 𝑞𝑞0 & Crit. Val. 

HOW TO: Perform Tukey 
Test 

 

𝐻𝐻0:  
𝐻𝐻𝑎𝑎: 

𝑞𝑞0 [ > | < ] Crit. Val. 

[ REJECT | FTR ] 𝐻𝐻0.  

𝑞𝑞0 =  
 

10th & 11th Grade 10th & 12th Grade 11th & 12th Grade 

𝑁𝑁 = _______ 𝑘𝑘 = ______  
𝑑𝑑𝑑𝑑 = ________ Critical Value = _______ 

MSE = _______ 

𝐻𝐻0: 𝜇𝜇11 = 𝜇𝜇12  

𝐻𝐻𝑎𝑎: 𝜇𝜇11 ≠ 𝜇𝜇12 

𝐻𝐻0: 𝜇𝜇10 = 𝜇𝜇12   

𝐻𝐻𝑎𝑎: 𝜇𝜇10 ≠ 𝜇𝜇12  

𝑞𝑞0 [ > | < ] Crit. Val. 

[ REJECT | FTR ] 𝐻𝐻0.  

𝑞𝑞0 [ > | < ] Crit. Val. 

[ REJECT | FTR ] 𝐻𝐻0.  

Grade 10 11 12 
Study Time 3 4.3 6 
Sample Size 10 10 10 

 

𝑞𝑞0 =  𝑞𝑞0 =  
−

ට(             )
 

−

ට(4.448
10 )

 
−

ට(4.448
10 )

 

# of total obs.

EXAMPLE   

In an ANOVA test on mean weekly study time for different grade levels, 
you reject 𝐻𝐻0: Students in grades 10-12 study for the same amount of 
time. Determine which pair(s) of means are different with 𝛼𝛼 = 0.05. 

MULTIPLE COMPARISONS: TUKEY 
Tukey Test 

◆ ANOVA compares 3+ means. If 𝐻𝐻0 is rejected, Post-hoc tests can tell you which means are different.  

    ▪ Post-Hoc Tests, like Tukey, test __________ of means against each other. 
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EXAMPLE 

The table summarizes a study on the success rate of a nicotine 
patch in helping people quit smoking. Perform a hypothesis test 
using 𝜶𝜶 = 𝟎𝟎. 𝟎𝟎𝟎𝟎 to determine if the proportion of subjects who 
quit smoking is different in the two groups. 
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𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡  of both groups. 

 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The table summarizes a study on the success rate of a nicotine patch in helping people quit smoking. Perform a 
hypothesis test using 𝜶𝜶 = 𝟎𝟎. 𝟎𝟎𝟎𝟎 to determine if the proportion of subjects who quit smoking is different in the two 
groups. 
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2)

3)

4)

Effectiveness of Nicotine Patch 
Placebo Non-Placebo
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EXAMPLE   
In an ANOVA test on mean weekly study time for different grade levels, 
you reject 𝐻𝐻0: Students in grades 10-12 study for the same amount of 
time. Determine which pair(s) of means are different with 𝛼𝛼 = 0.05. 

TOPIC: MULTIPLE COMPARISONS: BONFERRONI 
The Bonferroni Test 

◆ Recall: ANOVA compares 3+ means. If 𝐻𝐻0 is rejected, Post-hoc tests can tell you which means are different.  

    ▪ Post-Hoc Tests, like Bonferroni, test __________ of means against each other. 
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6) Multiply 𝑃𝑃-value by # of _________ 
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7) State Conclusion 

HOW TO: Perform 
Bonferroni Test on TI-84 
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𝐻𝐻0: 𝜇𝜇11 = 𝜇𝜇12  

𝐻𝐻𝑎𝑎: 𝜇𝜇11 ≠ 𝜇𝜇12 

𝐻𝐻0: 𝜇𝜇10 = 𝜇𝜇12 

𝐻𝐻𝑎𝑎: 𝜇𝜇10 ≠ 𝜇𝜇12 

𝑡𝑡 = 𝑥𝑥ҧ1 − 𝑥𝑥ҧ2
ට𝑠𝑠2 ⋅ ቀ 1

𝑛𝑛1
+ 1

𝑛𝑛2
ቁ

𝑠𝑠2 = MSE from one-way ANOVA 

New 

𝑡𝑡 = −

ට            (     
      +     

      )
 𝑡𝑡 = −

ට4.448 ⋅ ቀ 1
10 + 1

10ቁ
 𝑡𝑡 = −

ට4.448 ⋅ ቀ 1
10 + 1

10ቁ
 

𝑃𝑃-value = _____ 
# of pairs = 3    
𝑃𝑃-val ⋅ # pairs = _____ 

𝑃𝑃-value = _____ 
# of pairs = _____ 
𝑃𝑃-val ⋅ # pairs = _____ 

𝑃𝑃-value = _____ 
# of pairs = 3 
𝑃𝑃-val ⋅ # pairs = _____ 

𝑃𝑃-val ⋅ # pairs [ < | > ] 𝛼𝛼 
[ REJECT | FTR ] 𝐻𝐻0

𝑃𝑃-val ⋅ # pairs [ < | > ] 𝛼𝛼 
[ REJECT | FTR ] 𝐻𝐻0

𝑃𝑃-val ⋅ # pairs [ < | > ] 𝛼𝛼 
[ REJECT | FTR ] 𝐻𝐻0

MSE = ______ 

𝑁𝑁 = _____ ,  

𝑘𝑘 = _____ ,  
𝑑𝑑𝑑𝑑 = ____  

Grade Weekly Study Times (hrs) 𝒙̅𝒙 𝒏𝒏 
10 3 4 4 2 1 0 3 6 5 2 3 10 

11 4 5 6 3 7 8 2 3 1 4 4.3 10 

12 7 5 8 3 6 7 8 5 9 2 6 10 

 

7) State Conclusion

Recall

TOPIC: MULTIPLE COMPARISONS: BONFERRONI 
 
 
 
 
 
 
 
 
 
 
 

𝑡𝑡 = 𝑥̅𝑥1 − 𝑥̅𝑥2
√𝑠𝑠2 ⋅ ( 1𝑛𝑛1 +

1
𝑛𝑛2)

𝑠𝑠2 = MSE from one-way ANOVA 

TOPIC: MULTIPLE COMPARISONS: BONFERRONI 
 
 
 
 
 
 
 
 
 
 
 

𝑡𝑡 = 𝑥̅𝑥1 − 𝑥̅𝑥2
√𝑠𝑠2 ⋅ ( 1𝑛𝑛1 +

1
𝑛𝑛2)

𝑠𝑠2 = MSE from one-way ANOVA from one-way ANOVA

Cereal Taste Rating

A 7 8 6 9 7 9 7.67 6

B 5 6 5 6 4 5 5.17 6

C 8 9 7 9 8 7 8.00 6

EXAMPLE   
In an ANOVA test on mean weekly study time for different grade levels, 
you reject 𝐻𝐻0: Students in grades 10-12 study for the same amount of 
time. Determine which pair(s) of means are different with 𝛼𝛼 = 0.05. 

TOPIC: MULTIPLE COMPARISONS: BONFERRONI 
The Bonferroni Test 

◆ Recall: ANOVA compares 3+ means. If 𝐻𝐻0 is rejected, Post-hoc tests can tell you which means are different.  

    ▪ Post-Hoc Tests, like Bonferroni, test __________ of means against each other. 

 
 
  
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

1) Verify: ANOVA 𝐻𝐻0 was rejected? ☐

2) Get MSE from ANOVA readout  
One-way ANOVA 
  Error 

MS=  

For each pair of groups: 

3) 𝐻𝐻0: 𝜇𝜇1 = 𝜇𝜇2,      𝐻𝐻𝑎𝑎: 𝜇𝜇1 ≠ 𝜇𝜇2 

4) Calculate 𝑡𝑡 (use 𝑠𝑠2 = 𝐌𝐌𝐌𝐌𝐌𝐌) 

5) 𝑃𝑃-value: use 𝑑𝑑𝑑𝑑 =  𝑁𝑁 − 𝑘𝑘 

𝑁𝑁 = # of total obs. 𝑘𝑘 = # of groups 

6) Multiply 𝑃𝑃-value by # of _________ 

To find on calc:         PROB    

  3:nCr,  Enter 𝐶𝐶𝑘𝑘
 

2 

7) State Conclusion 

HOW TO: Perform 
Bonferroni Test on TI-84 

 

> 
> 

BIZ REG 

(Two Means t-Test) 

𝑡𝑡 = 𝑥𝑥ҧ1 − 𝑥𝑥ҧ2

ඨ𝑠𝑠1
2

𝑛𝑛1
+ 𝑠𝑠2

2

𝑛𝑛2

Recall 

𝐻𝐻0:  
𝐻𝐻𝑎𝑎: 

10th & 11th Grade 10th & 12th Grade 11th & 12th Grade 

𝐻𝐻0: 𝜇𝜇11 = 𝜇𝜇12  

𝐻𝐻𝑎𝑎: 𝜇𝜇11 ≠ 𝜇𝜇12 

𝐻𝐻0: 𝜇𝜇10 = 𝜇𝜇12 

𝐻𝐻𝑎𝑎: 𝜇𝜇10 ≠ 𝜇𝜇12 

𝑡𝑡 = 𝑥𝑥ҧ1 − 𝑥𝑥ҧ2
ට𝑠𝑠2 ⋅ ቀ 1

𝑛𝑛1
+ 1

𝑛𝑛2
ቁ

𝑠𝑠2 = MSE from one-way ANOVA 

New 

𝑡𝑡 = −

ට            (     
      +     

      )
 𝑡𝑡 = −

ට4.448 ⋅ ቀ 1
10 + 1

10ቁ
 𝑡𝑡 = −

ට4.448 ⋅ ቀ 1
10 + 1

10ቁ
 

𝑃𝑃-value = _____ 
# of pairs = 3    
𝑃𝑃-val ⋅ # pairs = _____ 

𝑃𝑃-value = _____ 
# of pairs = _____ 
𝑃𝑃-val ⋅ # pairs = _____ 

𝑃𝑃-value = _____ 
# of pairs = 3 
𝑃𝑃-val ⋅ # pairs = _____ 

𝑃𝑃-val ⋅ # pairs [ < | > ] 𝛼𝛼 
[ REJECT | FTR ] 𝐻𝐻0

𝑃𝑃-val ⋅ # pairs [ < | > ] 𝛼𝛼 
[ REJECT | FTR ] 𝐻𝐻0

𝑃𝑃-val ⋅ # pairs [ < | > ] 𝛼𝛼 
[ REJECT | FTR ] 𝐻𝐻0

MSE = ______ 

𝑁𝑁 = _____ ,  

𝑘𝑘 = _____ ,  
𝑑𝑑𝑑𝑑 = ____  

Grade Weekly Study Times (hrs) 𝒙̅𝒙 𝒏𝒏 
10 3 4 4 2 1 0 3 6 5 2 3 10 

11 4 5 6 3 7 8 2 3 1 4 4.3 10 

12 7 5 8 3 6 7 8 5 9 2 6 10 

 

EXAMPLE   
In an ANOVA test on mean weekly study time for different grade levels, 
you reject 𝐻𝐻0: Students in grades 10-12 study for the same amount of 
time. Determine which pair(s) of means are different with 𝛼𝛼 = 0.05. 

TOPIC: MULTIPLE COMPARISONS: BONFERRONI 
The Bonferroni Test 

◆ Recall: ANOVA compares 3+ means. If 𝐻𝐻0 is rejected, Post-hoc tests can tell you which means are different.  

    ▪ Post-Hoc Tests, like Bonferroni, test __________ of means against each other. 

 
 
  
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

1) Verify: ANOVA 𝐻𝐻0 was rejected? ☐

2) Get MSE from ANOVA readout  
One-way ANOVA 
  Error 

MS=  

For each pair of groups: 

3) 𝐻𝐻0: 𝜇𝜇1 = 𝜇𝜇2,      𝐻𝐻𝑎𝑎: 𝜇𝜇1 ≠ 𝜇𝜇2 

4) Calculate 𝑡𝑡 (use 𝑠𝑠2 = 𝐌𝐌𝐌𝐌𝐌𝐌) 

5) 𝑃𝑃-value: use 𝑑𝑑𝑑𝑑 =  𝑁𝑁 − 𝑘𝑘 

𝑁𝑁 = # of total obs. 𝑘𝑘 = # of groups 

6) Multiply 𝑃𝑃-value by # of _________ 

To find on calc:         PROB    

  3:nCr,  Enter 𝐶𝐶𝑘𝑘
 

2 

7) State Conclusion 

HOW TO: Perform 
Bonferroni Test on TI-84 

 

> 
> 

BIZ REG 

(Two Means t-Test) 

𝑡𝑡 = 𝑥𝑥ҧ1 − 𝑥𝑥ҧ2

ඨ𝑠𝑠1
2

𝑛𝑛1
+ 𝑠𝑠2

2

𝑛𝑛2

Recall 

𝐻𝐻0:  
𝐻𝐻𝑎𝑎: 

10th & 11th Grade 10th & 12th Grade 11th & 12th Grade 

𝐻𝐻0: 𝜇𝜇11 = 𝜇𝜇12  

𝐻𝐻𝑎𝑎: 𝜇𝜇11 ≠ 𝜇𝜇12 

𝐻𝐻0: 𝜇𝜇10 = 𝜇𝜇12 

𝐻𝐻𝑎𝑎: 𝜇𝜇10 ≠ 𝜇𝜇12 

𝑡𝑡 = 𝑥𝑥ҧ1 − 𝑥𝑥ҧ2
ට𝑠𝑠2 ⋅ ቀ 1

𝑛𝑛1
+ 1

𝑛𝑛2
ቁ

𝑠𝑠2 = MSE from one-way ANOVA 

New 

𝑡𝑡 = −

ට            (     
      +     

      )
 𝑡𝑡 = −

ට4.448 ⋅ ቀ 1
10 + 1

10ቁ
 𝑡𝑡 = −

ට4.448 ⋅ ቀ 1
10 + 1

10ቁ
 

𝑃𝑃-value = _____ 
# of pairs = 3    
𝑃𝑃-val ⋅ # pairs = _____ 

𝑃𝑃-value = _____ 
# of pairs = _____ 
𝑃𝑃-val ⋅ # pairs = _____ 

𝑃𝑃-value = _____ 
# of pairs = 3 
𝑃𝑃-val ⋅ # pairs = _____ 

𝑃𝑃-val ⋅ # pairs [ < | > ] 𝛼𝛼 
[ REJECT | FTR ] 𝐻𝐻0

𝑃𝑃-val ⋅ # pairs [ < | > ] 𝛼𝛼 
[ REJECT | FTR ] 𝐻𝐻0

𝑃𝑃-val ⋅ # pairs [ < | > ] 𝛼𝛼 
[ REJECT | FTR ] 𝐻𝐻0

MSE = ______ 

𝑁𝑁 = _____ ,  

𝑘𝑘 = _____ ,  
𝑑𝑑𝑑𝑑 = ____  

Grade Weekly Study Times (hrs) 𝒙̅𝒙 𝒏𝒏 
10 3 4 4 2 1 0 3 6 5 2 3 10 

11 4 5 6 3 7 8 2 3 1 4 4.3 10 

12 7 5 8 3 6 7 8 5 9 2 6 10 

 


