
TOPIC: CHI-SQUARE HOMOGENEITY TEST
Homogeneity Test

◆ Two or more populations are Homogeneous if they have the same _______________ of some characteristic.

▶  Homogenity Tests use the same steps & math as independence tests with different hypotheses & conclusions.

NewRecall Independence Test Homogeneity Test
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Because    -value [ < | > ]    ,

we [ REJECT | FAIL TO REJECT ]     .

There is [ ENOUGH | NOT ENOUGH ] evidence 

that car ownership is dependent on age group.

Hypoth. Tests Goodness of Fit Tests Recall New 

EXAMPLE 

You roll a 6-sided die 60 times and list the observed frequencies in 
the table. Determine if this die is fair by testing the goodness of fit 
of the die rolls with a uniform distribution. Use 𝛼𝛼 = 0.05 
 

 
Goodness of Fit Test 

◆ Use a Goodness of Fit test to determine if __________ frequencies match “claimed” frequencies in a distribution. 

▪ Instead of testing just one parameter, you’ll test the frequencies for ________ categories. 

 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

𝝌𝝌𝟐𝟐 

𝑃𝑃-value = Area "beyond" 𝜒𝜒2 

𝑃𝑃-value = _______ 

𝐻𝐻0: observed frequencies match claimed distribution 

𝐻𝐻𝑎𝑎: observed frequencies DO NOT match claimed distribution, i.e  
      at least ______ of the probabilities is different from claimed. 

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

There is [ ENOUGH | NOT ENOUGH ] evidence to conclude that the observed 
frequencies do not match the claimed distribution, therefore it [ IS | IS NOT ] 
a good fit and the die __________ fair. 

Random Samples?   ☐
Observed freq. for each category? ☐
𝐸𝐸 ≥ 5 for each category?  ☐

Roll 1 2 3 4 5 6 
Frequency 13 12 1 11 14 9 

 

Random  
Samples?

𝑋𝑋 is Normal 
OR 𝑛𝑛 > 30  

☐

☐

Because 𝑃𝑃-value … 

 

𝒛𝒛 

𝐻𝐻0: 𝜇𝜇 = # 

𝐻𝐻𝑎𝑎: 𝜇𝜇 </>/≠  # 

𝑧𝑧 = �̅�𝑥 − 𝜇𝜇
𝜎𝜎/√𝑛𝑛
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BIZ REG 

𝑂𝑂 = observed freq. 
𝐸𝐸 = expected freq. 
𝑛𝑛 = total sample size 
𝑘𝑘 = # of categories 𝑛𝑛 = ____  𝑘𝑘 = ____ 𝐸𝐸 = ____ 

𝜒𝜒2 = ෍
ሺ𝑂𝑂 − 𝐸𝐸ሻ2

𝐸𝐸  

If claimed prob’s same: 

𝐸𝐸 = 𝑛𝑛
𝑘𝑘 

𝜒𝜒2 =
ሺ    −   ሻ2

 +
ሺ    −10ሻ2

10 +
ሺ    −10ሻ2

10 +
ሺ    −10ሻ2

10 +
ሺ    −10ሻ2

10 +
ሺ    −10ሻ2

10  

=      
10 +

     
10 +

     
10 +

     
10 +

     
10 +

     
10 

𝑑𝑑𝑓𝑓 = 𝑘𝑘 − 1 

𝑑𝑑𝑓𝑓 = ___ 

EXAMPLE   
The graph below shows weekly study times (in hours) from a random, independent sample of 𝑁𝑁 = 100 10th-12th 
graders. Test the claim that students across these grades study on average for the same amount of time, using 𝛼𝛼 =
0.05, 𝐹𝐹 = 2.14,  Assume the population distributions are normal with approximately the same variances. 

TOPIC: ONE-WAY ANOVA 
One-Way ANOVA Test  

◆ Recall: ANOVA compares 3+ means by analyzing variance between & within groups (aka samples, treatments, levels). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

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

𝐻𝐻0. There is [ ENOUGH | NOT ENOUGH ] evidence to suggest 

that at least one mean is significantly different. 

 

Analysis Of Variance New 
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𝐻𝐻0: All means are the same; 𝜇𝜇1 = 𝜇𝜇2 = ⋯ = 𝜇𝜇𝑘𝑘  

𝐻𝐻𝑎𝑎: At least ___ mean is _____________ from the others. 

Random Samples?  ☐
Independent Samples?  ☐

𝑑𝑑𝑓𝑓𝑛𝑛𝑛𝑛𝑛𝑛 = _______ 

𝑑𝑑𝑓𝑓𝑑𝑑𝑑𝑑𝑛𝑛𝑑𝑑𝑛𝑛 = _______ 

𝑃𝑃-value = _______ 

𝐹𝐹-stat = _______ 

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

𝐹𝐹 = 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 𝑏𝑏𝑣𝑣𝑏𝑏𝑏𝑏𝑣𝑣𝑣𝑣𝑣𝑣 𝑔𝑔𝑣𝑣𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔
𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 𝑏𝑏𝑣𝑣𝑏𝑏ℎ𝑣𝑣𝑣𝑣 𝑔𝑔𝑣𝑣𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔

𝑭𝑭 

Area "beyond" 
𝐹𝐹-stat. 

𝑑𝑑𝑓𝑓𝑛𝑛𝑛𝑛𝑛𝑛 = 𝑘𝑘 − 1 
𝑑𝑑𝑓𝑓𝑑𝑑𝑑𝑑𝑛𝑛𝑑𝑑𝑛𝑛 = 𝑁𝑁 − 𝑘𝑘 

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

Hypoth. Tests Goodness of Fit Tests Recall New 

EXAMPLE 

You roll a 6-sided die 60 times and list the observed frequencies in 
the table. Determine if this die is fair by testing the goodness of fit 
of the die rolls with a uniform distribution. Use 𝛼𝛼 = 0.05 
 

 
Goodness of Fit Test 

◆ Use a Goodness of Fit test to determine if __________ frequencies match “claimed” frequencies in a distribution. 

▪ Instead of testing just one parameter, you’ll test the frequencies for ________ categories. 

 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

𝝌𝝌𝟐𝟐 

𝑃𝑃-value = Area "beyond" 𝜒𝜒2 

𝑃𝑃-value = _______ 

𝐻𝐻0: observed frequencies match claimed distribution 

𝐻𝐻𝑎𝑎: observed frequencies DO NOT match claimed distribution, i.e  
      at least ______ of the probabilities is different from claimed. 

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

There is [ ENOUGH | NOT ENOUGH ] evidence to conclude that the observed 
frequencies do not match the claimed distribution, therefore it [ IS | IS NOT ] 
a good fit and the die __________ fair. 

Random Samples?   ☐
Observed freq. for each category? ☐
𝐸𝐸 ≥ 5 for each category?  ☐

Roll 1 2 3 4 5 6 
Frequency 13 12 1 11 14 9 

 

Random  
Samples?

𝑋𝑋 is Normal 
OR 𝑛𝑛 > 30  

☐

☐

Because 𝑃𝑃-value … 

 

𝒛𝒛 

𝐻𝐻0: 𝜇𝜇 = # 

𝐻𝐻𝑎𝑎: 𝜇𝜇 </>/≠  # 

𝑧𝑧 = �̅�𝑥 − 𝜇𝜇
𝜎𝜎/√𝑛𝑛
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BIZ REG 

𝑂𝑂 = observed freq. 
𝐸𝐸 = expected freq. 
𝑛𝑛 = total sample size 
𝑘𝑘 = # of categories 𝑛𝑛 = ____  𝑘𝑘 = ____ 𝐸𝐸 = ____ 

𝜒𝜒2 = ෍
ሺ𝑂𝑂 − 𝐸𝐸ሻ2

𝐸𝐸  

If claimed prob’s same: 

𝐸𝐸 = 𝑛𝑛
𝑘𝑘 

𝜒𝜒2 =
ሺ    −   ሻ2

 +
ሺ    −10ሻ2

10 +
ሺ    −10ሻ2

10 +
ሺ    −10ሻ2

10 +
ሺ    −10ሻ2

10 +
ሺ    −10ሻ2

10  

=      
10 +

     
10 +

     
10 +

     
10 +

     
10 +

     
10 

𝑑𝑑𝑓𝑓 = 𝑘𝑘 − 1 

𝑑𝑑𝑓𝑓 = ___ 

Random Samples?

Observed freq. for each category?

           for each category?

Hypoth. Tests Goodness of Fit Tests Recall New 

EXAMPLE 

You roll a 6-sided die 60 times and list the observed frequencies in 
the table. Determine if this die is fair by testing the goodness of fit 
of the die rolls with a uniform distribution. Use 𝛼𝛼 = 0.05 
 

 
Goodness of Fit Test 

◆ Use a Goodness of Fit test to determine if __________ frequencies match “claimed” frequencies in a distribution. 

▪ Instead of testing just one parameter, you’ll test the frequencies for ________ categories. 

 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

𝝌𝝌𝟐𝟐 

𝑃𝑃-value = Area "beyond" 𝜒𝜒2 

𝑃𝑃-value = _______ 

𝐻𝐻0: observed frequencies match claimed distribution 

𝐻𝐻𝑎𝑎: observed frequencies DO NOT match claimed distribution, i.e  
      at least ______ of the probabilities is different from claimed. 

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

There is [ ENOUGH | NOT ENOUGH ] evidence to conclude that the observed 
frequencies do not match the claimed distribution, therefore it [ IS | IS NOT ] 
a good fit and the die __________ fair. 

Random Samples?   ☐
Observed freq. for each category? ☐
𝐸𝐸 ≥ 5 for each category?  ☐

Roll 1 2 3 4 5 6 
Frequency 13 12 1 11 14 9 

 

Random  
Samples?

𝑋𝑋 is Normal 
OR 𝑛𝑛 > 30  

☐

☐

Because 𝑃𝑃-value … 

 

𝒛𝒛 

𝐻𝐻0: 𝜇𝜇 = # 

𝐻𝐻𝑎𝑎: 𝜇𝜇 </>/≠  # 

𝑧𝑧 = �̅�𝑥 − 𝜇𝜇
𝜎𝜎/√𝑛𝑛
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BIZ REG 

𝑂𝑂 = observed freq. 
𝐸𝐸 = expected freq. 
𝑛𝑛 = total sample size 
𝑘𝑘 = # of categories 𝑛𝑛 = ____  𝑘𝑘 = ____ 𝐸𝐸 = ____ 

𝜒𝜒2 = ෍
ሺ𝑂𝑂 − 𝐸𝐸ሻ2

𝐸𝐸  

If claimed prob’s same: 

𝐸𝐸 = 𝑛𝑛
𝑘𝑘 

𝜒𝜒2 =
ሺ    −   ሻ2

 +
ሺ    −10ሻ2

10 +
ሺ    −10ሻ2

10 +
ሺ    −10ሻ2

10 +
ሺ    −10ሻ2

10 +
ሺ    −10ሻ2

10  

=      
10 +

     
10 +

     
10 +

     
10 +

     
10 +

     
10 

𝑑𝑑𝑓𝑓 = 𝑘𝑘 − 1 

𝑑𝑑𝑓𝑓 = ___ 

Hypoth. Tests Goodness of Fit Tests Recall New 

EXAMPLE 

You roll a 6-sided die 60 times and list the observed frequencies in 
the table. Determine if this die is fair by testing the goodness of fit 
of the die rolls with a uniform distribution. Use 𝛼𝛼 = 0.05 
 

 
Goodness of Fit Test 

◆ Use a Goodness of Fit test to determine if __________ frequencies match “claimed” frequencies in a distribution. 

▪ Instead of testing just one parameter, you’ll test the frequencies for ________ categories. 

 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

𝝌𝝌𝟐𝟐 

𝑃𝑃-value = Area "beyond" 𝜒𝜒2 

𝑃𝑃-value = _______ 

𝐻𝐻0: observed frequencies match claimed distribution 

𝐻𝐻𝑎𝑎: observed frequencies DO NOT match claimed distribution, i.e  
      at least ______ of the probabilities is different from claimed. 

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

There is [ ENOUGH | NOT ENOUGH ] evidence to conclude that the observed 
frequencies do not match the claimed distribution, therefore it [ IS | IS NOT ] 
a good fit and the die __________ fair. 

Random Samples?   ☐
Observed freq. for each category? ☐
𝐸𝐸 ≥ 5 for each category?  ☐

Roll 1 2 3 4 5 6 
Frequency 13 12 1 11 14 9 

 

Random  
Samples?

𝑋𝑋 is Normal 
OR 𝑛𝑛 > 30  

☐

☐

Because 𝑃𝑃-value … 

 

𝒛𝒛 

𝐻𝐻0: 𝜇𝜇 = # 

𝐻𝐻𝑎𝑎: 𝜇𝜇 </>/≠  # 

𝑧𝑧 = �̅�𝑥 − 𝜇𝜇
𝜎𝜎/√𝑛𝑛
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BIZ REG 

𝑂𝑂 = observed freq. 
𝐸𝐸 = expected freq. 
𝑛𝑛 = total sample size 
𝑘𝑘 = # of categories 𝑛𝑛 = ____  𝑘𝑘 = ____ 𝐸𝐸 = ____ 

𝜒𝜒2 = ෍
ሺ𝑂𝑂 − 𝐸𝐸ሻ2

𝐸𝐸  

If claimed prob’s same: 

𝐸𝐸 = 𝑛𝑛
𝑘𝑘 

𝜒𝜒2 =
ሺ    −   ሻ2

 +
ሺ    −10ሻ2

10 +
ሺ    −10ሻ2

10 +
ሺ    −10ሻ2

10 +
ሺ    −10ሻ2

10 +
ሺ    −10ሻ2

10  

=      
10 +

     
10 +

     
10 +

     
10 +

     
10 +

     
10 

𝑑𝑑𝑓𝑓 = 𝑘𝑘 − 1 

𝑑𝑑𝑓𝑓 = ___ 

Variables are independent.

Variables are dependent.

Hypoth. Tests Goodness of Fit Tests Recall New 

EXAMPLE 

You roll a 6-sided die 60 times and list the observed frequencies in 
the table. Determine if this die is fair by testing the goodness of fit 
of the die rolls with a uniform distribution. Use 𝛼𝛼 = 0.05 
 

 
Goodness of Fit Test 

◆ Use a Goodness of Fit test to determine if __________ frequencies match “claimed” frequencies in a distribution. 

▪ Instead of testing just one parameter, you’ll test the frequencies for ________ categories. 

 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

𝝌𝝌𝟐𝟐 

𝑃𝑃-value = Area "beyond" 𝜒𝜒2 

𝑃𝑃-value = _______ 

𝐻𝐻0: observed frequencies match claimed distribution 

𝐻𝐻𝑎𝑎: observed frequencies DO NOT match claimed distribution, i.e  
      at least ______ of the probabilities is different from claimed. 

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

There is [ ENOUGH | NOT ENOUGH ] evidence to conclude that the observed 
frequencies do not match the claimed distribution, therefore it [ IS | IS NOT ] 
a good fit and the die __________ fair. 

Random Samples?   ☐
Observed freq. for each category? ☐
𝐸𝐸 ≥ 5 for each category?  ☐

Roll 1 2 3 4 5 6 
Frequency 13 12 1 11 14 9 

 

Random  
Samples?

𝑋𝑋 is Normal 
OR 𝑛𝑛 > 30  

☐

☐

Because 𝑃𝑃-value … 

 

𝒛𝒛 

𝐻𝐻0: 𝜇𝜇 = # 

𝐻𝐻𝑎𝑎: 𝜇𝜇 </>/≠  # 

𝑧𝑧 = �̅�𝑥 − 𝜇𝜇
𝜎𝜎/√𝑛𝑛
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BIZ REG 

𝑂𝑂 = observed freq. 
𝐸𝐸 = expected freq. 
𝑛𝑛 = total sample size 
𝑘𝑘 = # of categories 𝑛𝑛 = ____  𝑘𝑘 = ____ 𝐸𝐸 = ____ 

𝜒𝜒2 = ෍
ሺ𝑂𝑂 − 𝐸𝐸ሻ2

𝐸𝐸  

If claimed prob’s same: 

𝐸𝐸 = 𝑛𝑛
𝑘𝑘 

𝜒𝜒2 =
ሺ    −   ሻ2

 +
ሺ    −10ሻ2

10 +
ሺ    −10ሻ2

10 +
ሺ    −10ሻ2

10 +
ሺ    −10ሻ2

10 +
ሺ    −10ሻ2

10  

=      
10 +

     
10 +

     
10 +

     
10 +

     
10 +

     
10 

𝑑𝑑𝑓𝑓 = 𝑘𝑘 − 1 

𝑑𝑑𝑓𝑓 = ___ 

EXAMPLE 

Using the following data of the heights of students at a local 
high school, you find 𝝌𝝌𝟐𝟐 = 3.32. Test if height & grade are 
independent using 𝛼𝛼 = 0.05. 

 
TOPIC: CHI-SQUARE INDEPENDENCE TEST 
Independence Test 

◆ Recall: Two variables are Independent if neither one affects the other. 

▪ An Independence Test is a G.O.F. Test where “claimed” dist. = 𝐸𝐸’s of the ___ variables (assumed independent). 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Goodness of Fit Test Independence Test Recall New 

BIZ REG 

𝑃𝑃-value = Area "beyond" 𝜒𝜒2 

𝑃𝑃-value = _______ 

𝐻𝐻0: Variables are __________. 
 
𝐻𝐻𝑎𝑎: Variables are __________. 

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

There is [ ENOUGH | NOT ENOUGH ] evidence that the variables are dependent. 

Random Samples?   ☐
Observed freq. for each category? ☐
𝐸𝐸 ≥ 5 for each category?  ☐

𝑑𝑑𝑑𝑑 = ___ 
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𝜒𝜒2 = ∑
(𝑂𝑂 − 𝐸𝐸)2

𝐸𝐸  
𝐸𝐸 = 𝑛𝑛

𝑘𝑘 

𝐸𝐸 = 𝑛𝑛𝑛𝑛 

(claimed prob’s SAME) 

(claimed prob’s DIFF) 

𝐻𝐻0: Obs. freq’s match claimed dist. 
 
𝐻𝐻𝑎𝑎: Obs. freq’s DO NOT match claimed dist. 

𝐸𝐸 = 𝑟𝑟𝑟𝑟𝑟𝑟 𝑡𝑡𝑟𝑟𝑡𝑡𝑡𝑡𝑡𝑡 ⋅ 𝑐𝑐𝑟𝑟𝑡𝑡 𝑡𝑡𝑟𝑟𝑡𝑡𝑡𝑡𝑡𝑡
𝐺𝐺𝑟𝑟𝑡𝑡𝑛𝑛𝑑𝑑 𝑇𝑇𝑟𝑟𝑡𝑡𝑡𝑡𝑡𝑡  

𝝌𝝌𝟐𝟐 

𝑑𝑑𝑑𝑑 = (𝑟𝑟 − 1)(𝑐𝑐 − 1) 𝑑𝑑𝑑𝑑 = 𝑘𝑘 − 1 

𝑟𝑟 = # of rows 
𝑐𝑐 = # of columns 

 5’1-5’6 5’7-6’0 6’1-6’6 

9th 𝑂𝑂 = 40 
𝐸𝐸 = 34.43 

𝑂𝑂 = 27 
𝐸𝐸 = 29.17 

𝑂𝑂 = 10 
𝐸𝐸 = 12.91 

10th 𝑂𝑂 = 32 
𝐸𝐸 = 37.12 

𝑂𝑂 = 34 
𝐸𝐸 = 31.45 

𝑂𝑂 = 17 
𝐸𝐸 = 13.92 

 

𝝌𝝌𝟐𝟐 = 3.32 

Hypoth. Tests Goodness of Fit Tests Recall New 

EXAMPLE 

You roll a 6-sided die 60 times and list the observed frequencies in 
the table. Determine if this die is fair by testing the goodness of fit 
of the die rolls with a uniform distribution. Use 𝛼𝛼 = 0.05 
 

 
Goodness of Fit Test 

◆ Use a Goodness of Fit test to determine if __________ frequencies match “claimed” frequencies in a distribution. 

▪ Instead of testing just one parameter, you’ll test the frequencies for ________ categories. 

 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

𝝌𝝌𝟐𝟐 

𝑃𝑃-value = Area "beyond" 𝜒𝜒2 

𝑃𝑃-value = _______ 

𝐻𝐻0: observed frequencies match claimed distribution 

𝐻𝐻𝑎𝑎: observed frequencies DO NOT match claimed distribution, i.e  
      at least ______ of the probabilities is different from claimed. 

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

There is [ ENOUGH | NOT ENOUGH ] evidence to conclude that the observed 
frequencies do not match the claimed distribution, therefore it [ IS | IS NOT ] 
a good fit and the die __________ fair. 

Random Samples?   ☐
Observed freq. for each category? ☐
𝐸𝐸 ≥ 5 for each category?  ☐

Roll 1 2 3 4 5 6 
Frequency 13 12 1 11 14 9 

 

Random  
Samples?

𝑋𝑋 is Normal 
OR 𝑛𝑛 > 30  

☐

☐

Because 𝑃𝑃-value … 

 

𝒛𝒛 

𝐻𝐻0: 𝜇𝜇 = # 

𝐻𝐻𝑎𝑎: 𝜇𝜇 </>/≠  # 

𝑧𝑧 = �̅�𝑥 − 𝜇𝜇
𝜎𝜎/√𝑛𝑛
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𝑂𝑂 = observed freq. 
𝐸𝐸 = expected freq. 
𝑛𝑛 = total sample size 
𝑘𝑘 = # of categories 𝑛𝑛 = ____  𝑘𝑘 = ____ 𝐸𝐸 = ____ 

𝜒𝜒2 = ෍
ሺ𝑂𝑂 − 𝐸𝐸ሻ2

𝐸𝐸  

If claimed prob’s same: 

𝐸𝐸 = 𝑛𝑛
𝑘𝑘 

𝜒𝜒2 =
ሺ    −   ሻ2

 +
ሺ    −10ሻ2

10 +
ሺ    −10ሻ2

10 +
ሺ    −10ሻ2

10 +
ሺ    −10ሻ2

10 +
ሺ    −10ሻ2

10  

=      
10 +

     
10 +

     
10 +

     
10 +

     
10 +

     
10 

𝑑𝑑𝑓𝑓 = 𝑘𝑘 − 1 

𝑑𝑑𝑓𝑓 = ___ 

Hypoth. Tests Goodness of Fit Tests Recall New 

EXAMPLE 

You roll a 6-sided die 60 times and list the observed frequencies in 
the table. Determine if this die is fair by testing the goodness of fit 
of the die rolls with a uniform distribution. Use 𝛼𝛼 = 0.05 
 

 
Goodness of Fit Test 

◆ Use a Goodness of Fit test to determine if __________ frequencies match “claimed” frequencies in a distribution. 

▪ Instead of testing just one parameter, you’ll test the frequencies for ________ categories. 

 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

𝝌𝝌𝟐𝟐 

𝑃𝑃-value = Area "beyond" 𝜒𝜒2 

𝑃𝑃-value = _______ 

𝐻𝐻0: observed frequencies match claimed distribution 

𝐻𝐻𝑎𝑎: observed frequencies DO NOT match claimed distribution, i.e  
      at least ______ of the probabilities is different from claimed. 

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

There is [ ENOUGH | NOT ENOUGH ] evidence to conclude that the observed 
frequencies do not match the claimed distribution, therefore it [ IS | IS NOT ] 
a good fit and the die __________ fair. 

Random Samples?   ☐
Observed freq. for each category? ☐
𝐸𝐸 ≥ 5 for each category?  ☐

Roll 1 2 3 4 5 6 
Frequency 13 12 1 11 14 9 

 

Random  
Samples?

𝑋𝑋 is Normal 
OR 𝑛𝑛 > 30  

☐

☐

Because 𝑃𝑃-value … 

 

𝒛𝒛 

𝐻𝐻0: 𝜇𝜇 = # 

𝐻𝐻𝑎𝑎: 𝜇𝜇 </>/≠  # 

𝑧𝑧 = �̅�𝑥 − 𝜇𝜇
𝜎𝜎/√𝑛𝑛

 

1)
 H

yp
ot

he
se

s 
2)

 T
es

t S
ta

t 
3)

 P
–V

al
ue

 
4)

 C
on

cl
us

io
n 

Cr
ite

ria
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𝑂𝑂 = observed freq. 
𝐸𝐸 = expected freq. 
𝑛𝑛 = total sample size 
𝑘𝑘 = # of categories 𝑛𝑛 = ____  𝑘𝑘 = ____ 𝐸𝐸 = ____ 

𝜒𝜒2 = ෍
ሺ𝑂𝑂 − 𝐸𝐸ሻ2

𝐸𝐸  

If claimed prob’s same: 

𝐸𝐸 = 𝑛𝑛
𝑘𝑘 

𝜒𝜒2 =
ሺ    −   ሻ2

 +
ሺ    −10ሻ2

10 +
ሺ    −10ሻ2

10 +
ሺ    −10ሻ2

10 +
ሺ    −10ሻ2

10 +
ሺ    −10ሻ2

10  

=      
10 +

     
10 +

     
10 +

     
10 +

     
10 +

     
10 

𝑑𝑑𝑓𝑓 = 𝑘𝑘 − 1 

𝑑𝑑𝑓𝑓 = ___ 

Hypoth. Tests Goodness of Fit Tests Recall New 

EXAMPLE 

You roll a 6-sided die 60 times and list the observed frequencies in 
the table. Determine if this die is fair by testing the goodness of fit 
of the die rolls with a uniform distribution. Use 𝛼𝛼 = 0.05 
 

 
Goodness of Fit Test 

◆ Use a Goodness of Fit test to determine if __________ frequencies match “claimed” frequencies in a distribution. 

▪ Instead of testing just one parameter, you’ll test the frequencies for ________ categories. 

 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

𝝌𝝌𝟐𝟐 

𝑃𝑃-value = Area "beyond" 𝜒𝜒2 

𝑃𝑃-value = _______ 

𝐻𝐻0: observed frequencies match claimed distribution 

𝐻𝐻𝑎𝑎: observed frequencies DO NOT match claimed distribution, i.e  
      at least ______ of the probabilities is different from claimed. 

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

There is [ ENOUGH | NOT ENOUGH ] evidence to conclude that the observed 
frequencies do not match the claimed distribution, therefore it [ IS | IS NOT ] 
a good fit and the die __________ fair. 

Random Samples?   ☐
Observed freq. for each category? ☐
𝐸𝐸 ≥ 5 for each category?  ☐

Roll 1 2 3 4 5 6 
Frequency 13 12 1 11 14 9 

 

Random  
Samples?

𝑋𝑋 is Normal 
OR 𝑛𝑛 > 30  

☐

☐

Because 𝑃𝑃-value … 

 

𝒛𝒛 

𝐻𝐻0: 𝜇𝜇 = # 

𝐻𝐻𝑎𝑎: 𝜇𝜇 </>/≠  # 

𝑧𝑧 = �̅�𝑥 − 𝜇𝜇
𝜎𝜎/√𝑛𝑛
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𝑂𝑂 = observed freq. 
𝐸𝐸 = expected freq. 
𝑛𝑛 = total sample size 
𝑘𝑘 = # of categories 𝑛𝑛 = ____  𝑘𝑘 = ____ 𝐸𝐸 = ____ 

𝜒𝜒2 = ෍
ሺ𝑂𝑂 − 𝐸𝐸ሻ2

𝐸𝐸  

If claimed prob’s same: 

𝐸𝐸 = 𝑛𝑛
𝑘𝑘 

𝜒𝜒2 =
ሺ    −   ሻ2

 +
ሺ    −10ሻ2

10 +
ሺ    −10ሻ2

10 +
ሺ    −10ሻ2

10 +
ሺ    −10ሻ2

10 +
ሺ    −10ሻ2

10  

=      
10 +

     
10 +

     
10 +

     
10 +

     
10 +

     
10 

𝑑𝑑𝑓𝑓 = 𝑘𝑘 − 1 

𝑑𝑑𝑓𝑓 = ___ 

-value = Area "beyond" 

Hypoth. Tests Goodness of Fit Tests Recall New 

EXAMPLE 

You roll a 6-sided die 60 times and list the observed frequencies in 
the table. Determine if this die is fair by testing the goodness of fit 
of the die rolls with a uniform distribution. Use 𝛼𝛼 = 0.05 
 

 
Goodness of Fit Test 

◆ Use a Goodness of Fit test to determine if __________ frequencies match “claimed” frequencies in a distribution. 

▪ Instead of testing just one parameter, you’ll test the frequencies for ________ categories. 

 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

𝝌𝝌𝟐𝟐 

𝑃𝑃-value = Area "beyond" 𝜒𝜒2 

𝑃𝑃-value = _______ 

𝐻𝐻0: observed frequencies match claimed distribution 

𝐻𝐻𝑎𝑎: observed frequencies DO NOT match claimed distribution, i.e  
      at least ______ of the probabilities is different from claimed. 

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

There is [ ENOUGH | NOT ENOUGH ] evidence to conclude that the observed 
frequencies do not match the claimed distribution, therefore it [ IS | IS NOT ] 
a good fit and the die __________ fair. 

Random Samples?   ☐
Observed freq. for each category? ☐
𝐸𝐸 ≥ 5 for each category?  ☐

Roll 1 2 3 4 5 6 
Frequency 13 12 1 11 14 9 

 

Random  
Samples?

𝑋𝑋 is Normal 
OR 𝑛𝑛 > 30  

☐

☐

Because 𝑃𝑃-value … 

 

𝒛𝒛 

𝐻𝐻0: 𝜇𝜇 = # 

𝐻𝐻𝑎𝑎: 𝜇𝜇 </>/≠  # 

𝑧𝑧 = �̅�𝑥 − 𝜇𝜇
𝜎𝜎/√𝑛𝑛
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𝑂𝑂 = observed freq. 
𝐸𝐸 = expected freq. 
𝑛𝑛 = total sample size 
𝑘𝑘 = # of categories 𝑛𝑛 = ____  𝑘𝑘 = ____ 𝐸𝐸 = ____ 

𝜒𝜒2 = ෍
ሺ𝑂𝑂 − 𝐸𝐸ሻ2

𝐸𝐸  

If claimed prob’s same: 

𝐸𝐸 = 𝑛𝑛
𝑘𝑘 

𝜒𝜒2 =
ሺ    −   ሻ2

 +
ሺ    −10ሻ2

10 +
ሺ    −10ሻ2

10 +
ሺ    −10ሻ2

10 +
ሺ    −10ሻ2

10 +
ሺ    −10ሻ2

10  

=      
10 +

     
10 +

     
10 +

     
10 +

     
10 +

     
10 

𝑑𝑑𝑓𝑓 = 𝑘𝑘 − 1 

𝑑𝑑𝑓𝑓 = ___ 

Hypoth. Tests Goodness of Fit Tests Recall New 

EXAMPLE 

You roll a 6-sided die 60 times and list the observed frequencies in 
the table. Determine if this die is fair by testing the goodness of fit 
of the die rolls with a uniform distribution. Use 𝛼𝛼 = 0.05 
 

 
Goodness of Fit Test 

◆ Use a Goodness of Fit test to determine if __________ frequencies match “claimed” frequencies in a distribution. 

▪ Instead of testing just one parameter, you’ll test the frequencies for ________ categories. 

 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

𝝌𝝌𝟐𝟐 

𝑃𝑃-value = Area "beyond" 𝜒𝜒2 

𝑃𝑃-value = _______ 

𝐻𝐻0: observed frequencies match claimed distribution 

𝐻𝐻𝑎𝑎: observed frequencies DO NOT match claimed distribution, i.e  
      at least ______ of the probabilities is different from claimed. 

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

There is [ ENOUGH | NOT ENOUGH ] evidence to conclude that the observed 
frequencies do not match the claimed distribution, therefore it [ IS | IS NOT ] 
a good fit and the die __________ fair. 

Random Samples?   ☐
Observed freq. for each category? ☐
𝐸𝐸 ≥ 5 for each category?  ☐

Roll 1 2 3 4 5 6 
Frequency 13 12 1 11 14 9 

 

Random  
Samples?

𝑋𝑋 is Normal 
OR 𝑛𝑛 > 30  

☐

☐

Because 𝑃𝑃-value … 

 

𝒛𝒛 

𝐻𝐻0: 𝜇𝜇 = # 

𝐻𝐻𝑎𝑎: 𝜇𝜇 </>/≠  # 

𝑧𝑧 = �̅�𝑥 − 𝜇𝜇
𝜎𝜎/√𝑛𝑛
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𝑂𝑂 = observed freq. 
𝐸𝐸 = expected freq. 
𝑛𝑛 = total sample size 
𝑘𝑘 = # of categories 𝑛𝑛 = ____  𝑘𝑘 = ____ 𝐸𝐸 = ____ 

𝜒𝜒2 = ෍
ሺ𝑂𝑂 − 𝐸𝐸ሻ2

𝐸𝐸  

If claimed prob’s same: 

𝐸𝐸 = 𝑛𝑛
𝑘𝑘 

𝜒𝜒2 =
ሺ    −   ሻ2

 +
ሺ    −10ሻ2

10 +
ሺ    −10ሻ2

10 +
ሺ    −10ሻ2

10 +
ሺ    −10ሻ2

10 +
ሺ    −10ሻ2

10  

=      
10 +

     
10 +

     
10 +

     
10 +

     
10 +

     
10 

𝑑𝑑𝑓𝑓 = 𝑘𝑘 − 1 

𝑑𝑑𝑓𝑓 = ___ 

-value = ______

EXAMPLE 

Using the following data of the heights of students at a local 
high school, you find 𝝌𝝌𝟐𝟐 = 3.32. Test if height & grade are 
independent using 𝛼𝛼 = 0.05. 

 
TOPIC: CHI-SQUARE INDEPENDENCE TEST 
Independence Test 

◆ Recall: Two variables are Independent if neither one affects the other. 

▪ An Independence Test is a G.O.F. Test where “claimed” dist. = 𝐸𝐸’s of the ___ variables (assumed independent). 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Goodness of Fit Test Independence Test Recall New 

BIZ REG 

𝑃𝑃-value = Area "beyond" 𝜒𝜒2 

𝑃𝑃-value = _______ 

𝐻𝐻0: Variables are __________. 
 
𝐻𝐻𝑎𝑎: Variables are __________. 

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

There is [ ENOUGH | NOT ENOUGH ] evidence that the variables are dependent. 

Random Samples?   ☐
Observed freq. for each category? ☐
𝐸𝐸 ≥ 5 for each category?  ☐

𝑑𝑑𝑑𝑑 = ___ 
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𝜒𝜒2 = ∑
(𝑂𝑂 − 𝐸𝐸)2

𝐸𝐸  
𝐸𝐸 = 𝑛𝑛

𝑘𝑘 

𝐸𝐸 = 𝑛𝑛𝑛𝑛 

(claimed prob’s SAME) 

(claimed prob’s DIFF) 

𝐻𝐻0: Obs. freq’s match claimed dist. 
 
𝐻𝐻𝑎𝑎: Obs. freq’s DO NOT match claimed dist. 

𝐸𝐸 = 𝑟𝑟𝑟𝑟𝑟𝑟 𝑡𝑡𝑟𝑟𝑡𝑡𝑡𝑡𝑡𝑡 ⋅ 𝑐𝑐𝑟𝑟𝑡𝑡 𝑡𝑡𝑟𝑟𝑡𝑡𝑡𝑡𝑡𝑡
𝐺𝐺𝑟𝑟𝑡𝑡𝑛𝑛𝑑𝑑 𝑇𝑇𝑟𝑟𝑡𝑡𝑡𝑡𝑡𝑡  

𝝌𝝌𝟐𝟐 

𝑑𝑑𝑑𝑑 = (𝑟𝑟 − 1)(𝑐𝑐 − 1) 𝑑𝑑𝑑𝑑 = 𝑘𝑘 − 1 

𝑟𝑟 = # of rows 
𝑐𝑐 = # of columns 

 5’1-5’6 5’7-6’0 6’1-6’6 

9th 𝑂𝑂 = 40 
𝐸𝐸 = 34.43 

𝑂𝑂 = 27 
𝐸𝐸 = 29.17 

𝑂𝑂 = 10 
𝐸𝐸 = 12.91 

10th 𝑂𝑂 = 32 
𝐸𝐸 = 37.12 

𝑂𝑂 = 34 
𝐸𝐸 = 31.45 

𝑂𝑂 = 17 
𝐸𝐸 = 13.92 

 

𝝌𝝌𝟐𝟐 = 3.32 

EXAMPLE
Test if the proportion of car ownership is the same for the different age groups, using a test statistic 
             , and               .

EXAMPLE Test if the proportion of car ownership is the same for the different age groups, using a test statistic 
𝜒𝜒2 = 50, and 𝛼𝛼 = 0.05. 

TOPIC: CHI-SQUARE HOMOGENEITY TEST 
Homogeneity Test 

◆ Two or more populations are Homogeneous if they have the same ______________ of some characteristic. 

▪ Homogeneity Tests use the same steps & math as independence tests with different hypotheses & conclusions. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

BIZ REG 

Independence Test Homogeneity Test Recall New 

𝐻𝐻0: Variables are independent. 

𝐻𝐻𝑎𝑎: Variables are dependent. 

Because 𝑃𝑃-value [ < | > ] 𝛼𝛼,  

we [ REJECT | FAIL TO REJECT ] 𝐻𝐻0. 

There is [ ENOUGH | NOT ENOUGH ] evidence that the 

proportion of car ownership is different for 2 pop’s. 

Random Samples?   ☐
Observed freq. for each category? ☐
𝐸𝐸 ≥ 5 for each category?  ☐

𝝌𝝌𝟐𝟐 

𝑃𝑃-value = Area "beyond" 𝜒𝜒2 

𝑃𝑃-value = _________ 𝑑𝑑𝑑𝑑 = ___ 

𝑑𝑑𝑑𝑑 = (𝑟𝑟 − 1)(𝑐𝑐 − 1) 

𝑂𝑂 = observed freq. 
𝐸𝐸 = expected freq. 
 
 

𝜒𝜒2 = ∑
(𝑂𝑂 − 𝐸𝐸)2

𝐸𝐸  𝐸𝐸 = 𝑟𝑟𝑟𝑟𝑟𝑟 𝑡𝑡𝑟𝑟𝑡𝑡𝑡𝑡𝑡𝑡 ⋅ 𝑐𝑐𝑟𝑟𝑡𝑡 𝑡𝑡𝑟𝑟𝑡𝑡𝑡𝑡𝑡𝑡
𝑇𝑇𝑟𝑟𝑡𝑡𝑡𝑡𝑡𝑡  

Populations Variable 1 

Variable 2 Characteristic 

=  
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 Age Group 
Teens Adults Tot. 

Ca
r O

wn
er

sh
ip Owns 

car 
𝑂𝑂 = 10 
𝐸𝐸 = 30 

𝑂𝑂 = 80 
𝐸𝐸 = 60 90 

Does not 
own car 

𝑂𝑂 = 40 
𝐸𝐸 = 20 

𝑂𝑂 = 20 
𝐸𝐸 = 40 60 

Tot. 50 100 150 
 

"Does age group affect car ownership?" 

𝐻𝐻0: All proportions of ____________________ are 

the SAME for all ________________. 

𝐻𝐻𝑎𝑎: At least 1 proportion is _______ for the pop’s. 

(populations) 

(characteristic) 

 Age Group 
Teens Adults Tot. 

Ca
r O

wn
er

sh
ip Owns 

car 
𝑂𝑂 = 10 
𝐸𝐸 = 30 

𝑂𝑂 = 80 
𝐸𝐸 = 60 90 

Does not 
own car 

𝑂𝑂 = 40 
𝐸𝐸 = 20 

𝑂𝑂 = 20 
𝐸𝐸 = 40 60 

Tot. 50 100 150 
 

"When it comes to car ownership, is the proportion 
for teens the same as adults?" 

Because 𝑃𝑃-value [ < | > ] 𝛼𝛼,  

we [ REJECT | FAIL TO REJECT ] 𝐻𝐻0. 

There is [ ENOUGH | NOT ENOUGH ] evidence 

that car ownership is dependent on age group. 

EXAMPLE Test if the proportion of car ownership is the same for the different age groups, using a test statistic 
𝜒𝜒2 = 50, and 𝛼𝛼 = 0.05. 

TOPIC: CHI-SQUARE HOMOGENEITY TEST 
Homogeneity Test 

◆ Two or more populations are Homogeneous if they have the same ______________ of some characteristic. 

▪ Homogeneity Tests use the same steps & math as independence tests with different hypotheses & conclusions. 
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Independence Test Homogeneity Test Recall New 

𝐻𝐻0: Variables are independent. 

𝐻𝐻𝑎𝑎: Variables are dependent. 

Because 𝑃𝑃-value [ < | > ] 𝛼𝛼,  

we [ REJECT | FAIL TO REJECT ] 𝐻𝐻0. 

There is [ ENOUGH | NOT ENOUGH ] evidence that the 

proportion of car ownership is different for 2 pop’s. 

Random Samples?   ☐
Observed freq. for each category? ☐
𝐸𝐸 ≥ 5 for each category?  ☐

𝝌𝝌𝟐𝟐 

𝑃𝑃-value = Area "beyond" 𝜒𝜒2 

𝑃𝑃-value = _________ 𝑑𝑑𝑑𝑑 = ___ 

𝑑𝑑𝑑𝑑 = (𝑟𝑟 − 1)(𝑐𝑐 − 1) 

𝑂𝑂 = observed freq. 
𝐸𝐸 = expected freq. 
 
 

𝜒𝜒2 = ∑
(𝑂𝑂 − 𝐸𝐸)2

𝐸𝐸  𝐸𝐸 = 𝑟𝑟𝑟𝑟𝑟𝑟 𝑡𝑡𝑟𝑟𝑡𝑡𝑡𝑡𝑡𝑡 ⋅ 𝑐𝑐𝑟𝑟𝑡𝑡 𝑡𝑡𝑟𝑟𝑡𝑡𝑡𝑡𝑡𝑡
𝑇𝑇𝑟𝑟𝑡𝑡𝑡𝑡𝑡𝑡  

Populations Variable 1 

Variable 2 Characteristic 
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 Age Group 
Teens Adults Tot. 

Ca
r O

wn
er

sh
ip Owns 

car 
𝑂𝑂 = 10 
𝐸𝐸 = 30 

𝑂𝑂 = 80 
𝐸𝐸 = 60 90 

Does not 
own car 

𝑂𝑂 = 40 
𝐸𝐸 = 20 

𝑂𝑂 = 20 
𝐸𝐸 = 40 60 

Tot. 50 100 150 
 

"Does age group affect car ownership?" 

𝐻𝐻0: All proportions of ____________________ are 

the SAME for all ________________. 

𝐻𝐻𝑎𝑎: At least 1 proportion is _______ for the pop’s. 

(populations) 

(characteristic) 

 Age Group 
Teens Adults Tot. 

Ca
r O

wn
er

sh
ip Owns 

car 
𝑂𝑂 = 10 
𝐸𝐸 = 30 

𝑂𝑂 = 80 
𝐸𝐸 = 60 90 

Does not 
own car 

𝑂𝑂 = 40 
𝐸𝐸 = 20 

𝑂𝑂 = 20 
𝐸𝐸 = 40 60 

Tot. 50 100 150 
 

"When it comes to car ownership, is the proportion 
for teens the same as adults?" 

Because 𝑃𝑃-value [ < | > ] 𝛼𝛼,  

we [ REJECT | FAIL TO REJECT ] 𝐻𝐻0. 

There is [ ENOUGH | NOT ENOUGH ] evidence 

that car ownership is dependent on age group. 

"Does age group affect car ownership?" "When it comes to car ownership, is the proportion 
for teens the same as adults?"

Age Group

Teens Adults Tot.

Ca
r O

w
ne

rs
hi

p

Owns car 90

Does not 
own car 60

Tot. 50 100 150

EXAMPLE Test if the proportion of car ownership is the same for the different age groups, using a test statistic 
𝜒𝜒2 = 50, and 𝛼𝛼 = 0.05. 

TOPIC: CHI-SQUARE HOMOGENEITY TEST 
Homogeneity Test 

◆ Two or more populations are Homogeneous if they have the same ______________ of some characteristic. 

▪ Homogeneity Tests use the same steps & math as independence tests with different hypotheses & conclusions. 
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Independence Test Homogeneity Test Recall New 

𝐻𝐻0: Variables are independent. 

𝐻𝐻𝑎𝑎: Variables are dependent. 

Because 𝑃𝑃-value [ < | > ] 𝛼𝛼,  

we [ REJECT | FAIL TO REJECT ] 𝐻𝐻0. 

There is [ ENOUGH | NOT ENOUGH ] evidence that the 

proportion of car ownership is different for 2 pop’s. 

Random Samples?   ☐
Observed freq. for each category? ☐
𝐸𝐸 ≥ 5 for each category?  ☐

𝝌𝝌𝟐𝟐 

𝑃𝑃-value = Area "beyond" 𝜒𝜒2 

𝑃𝑃-value = _________ 𝑑𝑑𝑑𝑑 = ___ 

𝑑𝑑𝑑𝑑 = (𝑟𝑟 − 1)(𝑐𝑐 − 1) 

𝑂𝑂 = observed freq. 
𝐸𝐸 = expected freq. 
 
 

𝜒𝜒2 = ∑
(𝑂𝑂 − 𝐸𝐸)2

𝐸𝐸  𝐸𝐸 = 𝑟𝑟𝑟𝑟𝑟𝑟 𝑡𝑡𝑟𝑟𝑡𝑡𝑡𝑡𝑡𝑡 ⋅ 𝑐𝑐𝑟𝑟𝑡𝑡 𝑡𝑡𝑟𝑟𝑡𝑡𝑡𝑡𝑡𝑡
𝑇𝑇𝑟𝑟𝑡𝑡𝑡𝑡𝑡𝑡  

Populations Variable 1 

Variable 2 Characteristic 

=  
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 Age Group 
Teens Adults Tot. 

Ca
r O

wn
er

sh
ip Owns 

car 
𝑂𝑂 = 10 
𝐸𝐸 = 30 

𝑂𝑂 = 80 
𝐸𝐸 = 60 90 

Does not 
own car 

𝑂𝑂 = 40 
𝐸𝐸 = 20 

𝑂𝑂 = 20 
𝐸𝐸 = 40 60 

Tot. 50 100 150 
 

"Does age group affect car ownership?" 

𝐻𝐻0: All proportions of ____________________ are 

the SAME for all ________________. 

𝐻𝐻𝑎𝑎: At least 1 proportion is _______ for the pop’s. 

(populations) 

(characteristic) 

 Age Group 
Teens Adults Tot. 

Ca
r O

wn
er

sh
ip Owns 

car 
𝑂𝑂 = 10 
𝐸𝐸 = 30 

𝑂𝑂 = 80 
𝐸𝐸 = 60 90 

Does not 
own car 

𝑂𝑂 = 40 
𝐸𝐸 = 20 

𝑂𝑂 = 20 
𝐸𝐸 = 40 60 

Tot. 50 100 150 
 

"When it comes to car ownership, is the proportion 
for teens the same as adults?" 

Because 𝑃𝑃-value [ < | > ] 𝛼𝛼,  

we [ REJECT | FAIL TO REJECT ] 𝐻𝐻0. 

There is [ ENOUGH | NOT ENOUGH ] evidence 

that car ownership is dependent on age group. 

EXAMPLE Test if the proportion of car ownership is the same for the different age groups, using a test statistic 
𝜒𝜒2 = 50, and 𝛼𝛼 = 0.05. 

TOPIC: CHI-SQUARE HOMOGENEITY TEST 
Homogeneity Test 

◆ Two or more populations are Homogeneous if they have the same ______________ of some characteristic. 

▪ Homogeneity Tests use the same steps & math as independence tests with different hypotheses & conclusions. 
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Independence Test Homogeneity Test Recall New 

𝐻𝐻0: Variables are independent. 

𝐻𝐻𝑎𝑎: Variables are dependent. 

Because 𝑃𝑃-value [ < | > ] 𝛼𝛼,  

we [ REJECT | FAIL TO REJECT ] 𝐻𝐻0. 

There is [ ENOUGH | NOT ENOUGH ] evidence that the 

proportion of car ownership is different for 2 pop’s. 

Random Samples?   ☐
Observed freq. for each category? ☐
𝐸𝐸 ≥ 5 for each category?  ☐

𝝌𝝌𝟐𝟐 

𝑃𝑃-value = Area "beyond" 𝜒𝜒2 

𝑃𝑃-value = _________ 𝑑𝑑𝑑𝑑 = ___ 

𝑑𝑑𝑑𝑑 = (𝑟𝑟 − 1)(𝑐𝑐 − 1) 

𝑂𝑂 = observed freq. 
𝐸𝐸 = expected freq. 
 
 

𝜒𝜒2 = ∑
(𝑂𝑂 − 𝐸𝐸)2

𝐸𝐸  𝐸𝐸 = 𝑟𝑟𝑟𝑟𝑟𝑟 𝑡𝑡𝑟𝑟𝑡𝑡𝑡𝑡𝑡𝑡 ⋅ 𝑐𝑐𝑟𝑟𝑡𝑡 𝑡𝑡𝑟𝑟𝑡𝑡𝑡𝑡𝑡𝑡
𝑇𝑇𝑟𝑟𝑡𝑡𝑡𝑡𝑡𝑡  

Populations Variable 1 

Variable 2 Characteristic 

=  
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 Age Group 
Teens Adults Tot. 

Ca
r O

wn
er

sh
ip Owns 

car 
𝑂𝑂 = 10 
𝐸𝐸 = 30 

𝑂𝑂 = 80 
𝐸𝐸 = 60 90 

Does not 
own car 

𝑂𝑂 = 40 
𝐸𝐸 = 20 

𝑂𝑂 = 20 
𝐸𝐸 = 40 60 

Tot. 50 100 150 
 

"Does age group affect car ownership?" 

𝐻𝐻0: All proportions of ____________________ are 

the SAME for all ________________. 

𝐻𝐻𝑎𝑎: At least 1 proportion is _______ for the pop’s. 

(populations) 

(characteristic) 

 Age Group 
Teens Adults Tot. 

Ca
r O

wn
er

sh
ip Owns 

car 
𝑂𝑂 = 10 
𝐸𝐸 = 30 

𝑂𝑂 = 80 
𝐸𝐸 = 60 90 

Does not 
own car 

𝑂𝑂 = 40 
𝐸𝐸 = 20 

𝑂𝑂 = 20 
𝐸𝐸 = 40 60 

Tot. 50 100 150 
 

"When it comes to car ownership, is the proportion 
for teens the same as adults?" 

Because 𝑃𝑃-value [ < | > ] 𝛼𝛼,  

we [ REJECT | FAIL TO REJECT ] 𝐻𝐻0. 

There is [ ENOUGH | NOT ENOUGH ] evidence 

that car ownership is dependent on age group. 

EXAMPLE Test if the proportion of car ownership is the same for the different age groups, using a test statistic 
𝜒𝜒2 = 50, and 𝛼𝛼 = 0.05. 

TOPIC: CHI-SQUARE HOMOGENEITY TEST 
Homogeneity Test 

◆ Two or more populations are Homogeneous if they have the same ______________ of some characteristic. 

▪ Homogeneity Tests use the same steps & math as independence tests with different hypotheses & conclusions. 
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Independence Test Homogeneity Test Recall New 

𝐻𝐻0: Variables are independent. 

𝐻𝐻𝑎𝑎: Variables are dependent. 

Because 𝑃𝑃-value [ < | > ] 𝛼𝛼,  

we [ REJECT | FAIL TO REJECT ] 𝐻𝐻0. 

There is [ ENOUGH | NOT ENOUGH ] evidence that the 

proportion of car ownership is different for 2 pop’s. 

Random Samples?   ☐
Observed freq. for each category? ☐
𝐸𝐸 ≥ 5 for each category?  ☐

𝝌𝝌𝟐𝟐 

𝑃𝑃-value = Area "beyond" 𝜒𝜒2 

𝑃𝑃-value = _________ 𝑑𝑑𝑑𝑑 = ___ 

𝑑𝑑𝑑𝑑 = (𝑟𝑟 − 1)(𝑐𝑐 − 1) 

𝑂𝑂 = observed freq. 
𝐸𝐸 = expected freq. 
 
 

𝜒𝜒2 = ∑
(𝑂𝑂 − 𝐸𝐸)2

𝐸𝐸  𝐸𝐸 = 𝑟𝑟𝑟𝑟𝑟𝑟 𝑡𝑡𝑟𝑟𝑡𝑡𝑡𝑡𝑡𝑡 ⋅ 𝑐𝑐𝑟𝑟𝑡𝑡 𝑡𝑡𝑟𝑟𝑡𝑡𝑡𝑡𝑡𝑡
𝑇𝑇𝑟𝑟𝑡𝑡𝑡𝑡𝑡𝑡  

Populations Variable 1 

Variable 2 Characteristic 

=  
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 Age Group 
Teens Adults Tot. 

Ca
r O

wn
er

sh
ip Owns 

car 
𝑂𝑂 = 10 
𝐸𝐸 = 30 

𝑂𝑂 = 80 
𝐸𝐸 = 60 90 

Does not 
own car 

𝑂𝑂 = 40 
𝐸𝐸 = 20 

𝑂𝑂 = 20 
𝐸𝐸 = 40 60 

Tot. 50 100 150 
 

"Does age group affect car ownership?" 

𝐻𝐻0: All proportions of ____________________ are 

the SAME for all ________________. 

𝐻𝐻𝑎𝑎: At least 1 proportion is _______ for the pop’s. 

(populations) 

(characteristic) 

 Age Group 
Teens Adults Tot. 

Ca
r O

wn
er

sh
ip Owns 

car 
𝑂𝑂 = 10 
𝐸𝐸 = 30 

𝑂𝑂 = 80 
𝐸𝐸 = 60 90 

Does not 
own car 

𝑂𝑂 = 40 
𝐸𝐸 = 20 

𝑂𝑂 = 20 
𝐸𝐸 = 40 60 

Tot. 50 100 150 
 

"When it comes to car ownership, is the proportion 
for teens the same as adults?" 

Because 𝑃𝑃-value [ < | > ] 𝛼𝛼,  

we [ REJECT | FAIL TO REJECT ] 𝐻𝐻0. 

There is [ ENOUGH | NOT ENOUGH ] evidence 

that car ownership is dependent on age group. 

EXAMPLE Test if the proportion of car ownership is the same for the different age groups, using a test statistic 
𝜒𝜒2 = 50, and 𝛼𝛼 = 0.05. 

TOPIC: CHI-SQUARE HOMOGENEITY TEST 
Homogeneity Test 

◆ Two or more populations are Homogeneous if they have the same ______________ of some characteristic. 

▪ Homogeneity Tests use the same steps & math as independence tests with different hypotheses & conclusions. 
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Independence Test Homogeneity Test Recall New 

𝐻𝐻0: Variables are independent. 

𝐻𝐻𝑎𝑎: Variables are dependent. 

Because 𝑃𝑃-value [ < | > ] 𝛼𝛼,  

we [ REJECT | FAIL TO REJECT ] 𝐻𝐻0. 

There is [ ENOUGH | NOT ENOUGH ] evidence that the 

proportion of car ownership is different for 2 pop’s. 

Random Samples?   ☐
Observed freq. for each category? ☐
𝐸𝐸 ≥ 5 for each category?  ☐

𝝌𝝌𝟐𝟐 

𝑃𝑃-value = Area "beyond" 𝜒𝜒2 

𝑃𝑃-value = _________ 𝑑𝑑𝑑𝑑 = ___ 

𝑑𝑑𝑑𝑑 = (𝑟𝑟 − 1)(𝑐𝑐 − 1) 

𝑂𝑂 = observed freq. 
𝐸𝐸 = expected freq. 
 
 

𝜒𝜒2 = ∑
(𝑂𝑂 − 𝐸𝐸)2

𝐸𝐸  𝐸𝐸 = 𝑟𝑟𝑟𝑟𝑟𝑟 𝑡𝑡𝑟𝑟𝑡𝑡𝑡𝑡𝑡𝑡 ⋅ 𝑐𝑐𝑟𝑟𝑡𝑡 𝑡𝑡𝑟𝑟𝑡𝑡𝑡𝑡𝑡𝑡
𝑇𝑇𝑟𝑟𝑡𝑡𝑡𝑡𝑡𝑡  

Populations Variable 1 

Variable 2 Characteristic 

=  
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 Age Group 
Teens Adults Tot. 

Ca
r O

wn
er

sh
ip Owns 

car 
𝑂𝑂 = 10 
𝐸𝐸 = 30 

𝑂𝑂 = 80 
𝐸𝐸 = 60 90 

Does not 
own car 

𝑂𝑂 = 40 
𝐸𝐸 = 20 

𝑂𝑂 = 20 
𝐸𝐸 = 40 60 

Tot. 50 100 150 
 

"Does age group affect car ownership?" 

𝐻𝐻0: All proportions of ____________________ are 

the SAME for all ________________. 

𝐻𝐻𝑎𝑎: At least 1 proportion is _______ for the pop’s. 

(populations) 

(characteristic) 

 Age Group 
Teens Adults Tot. 

Ca
r O

wn
er

sh
ip Owns 

car 
𝑂𝑂 = 10 
𝐸𝐸 = 30 

𝑂𝑂 = 80 
𝐸𝐸 = 60 90 

Does not 
own car 

𝑂𝑂 = 40 
𝐸𝐸 = 20 

𝑂𝑂 = 20 
𝐸𝐸 = 40 60 

Tot. 50 100 150 
 

"When it comes to car ownership, is the proportion 
for teens the same as adults?" 

Because 𝑃𝑃-value [ < | > ] 𝛼𝛼,  

we [ REJECT | FAIL TO REJECT ] 𝐻𝐻0. 

There is [ ENOUGH | NOT ENOUGH ] evidence 

that car ownership is dependent on age group. 

Age Group

Teens Adults Tot.

Ca
r O

w
ne

rs
hi

p

Owns car 90

Does not 
own car 60

Tot. 50 100 150

EXAMPLE Test if the proportion of car ownership is the same for the different age groups, using a test statistic 
𝜒𝜒2 = 50, and 𝛼𝛼 = 0.05. 

TOPIC: CHI-SQUARE HOMOGENEITY TEST 
Homogeneity Test 

◆ Two or more populations are Homogeneous if they have the same ______________ of some characteristic. 

▪ Homogeneity Tests use the same steps & math as independence tests with different hypotheses & conclusions. 
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Independence Test Homogeneity Test Recall New 

𝐻𝐻0: Variables are independent. 

𝐻𝐻𝑎𝑎: Variables are dependent. 

Because 𝑃𝑃-value [ < | > ] 𝛼𝛼,  

we [ REJECT | FAIL TO REJECT ] 𝐻𝐻0. 

There is [ ENOUGH | NOT ENOUGH ] evidence that the 

proportion of car ownership is different for 2 pop’s. 

Random Samples?   ☐
Observed freq. for each category? ☐
𝐸𝐸 ≥ 5 for each category?  ☐

𝝌𝝌𝟐𝟐 

𝑃𝑃-value = Area "beyond" 𝜒𝜒2 

𝑃𝑃-value = _________ 𝑑𝑑𝑑𝑑 = ___ 

𝑑𝑑𝑑𝑑 = (𝑟𝑟 − 1)(𝑐𝑐 − 1) 

𝑂𝑂 = observed freq. 
𝐸𝐸 = expected freq. 
 
 

𝜒𝜒2 = ∑
(𝑂𝑂 − 𝐸𝐸)2

𝐸𝐸  𝐸𝐸 = 𝑟𝑟𝑟𝑟𝑟𝑟 𝑡𝑡𝑟𝑟𝑡𝑡𝑡𝑡𝑡𝑡 ⋅ 𝑐𝑐𝑟𝑟𝑡𝑡 𝑡𝑡𝑟𝑟𝑡𝑡𝑡𝑡𝑡𝑡
𝑇𝑇𝑟𝑟𝑡𝑡𝑡𝑡𝑡𝑡  

Populations Variable 1 

Variable 2 Characteristic 

=  
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 Age Group 
Teens Adults Tot. 

Ca
r O

wn
er

sh
ip Owns 

car 
𝑂𝑂 = 10 
𝐸𝐸 = 30 

𝑂𝑂 = 80 
𝐸𝐸 = 60 90 

Does not 
own car 

𝑂𝑂 = 40 
𝐸𝐸 = 20 

𝑂𝑂 = 20 
𝐸𝐸 = 40 60 

Tot. 50 100 150 
 

"Does age group affect car ownership?" 

𝐻𝐻0: All proportions of ____________________ are 

the SAME for all ________________. 

𝐻𝐻𝑎𝑎: At least 1 proportion is _______ for the pop’s. 

(populations) 

(characteristic) 

 Age Group 
Teens Adults Tot. 

Ca
r O

wn
er

sh
ip Owns 

car 
𝑂𝑂 = 10 
𝐸𝐸 = 30 

𝑂𝑂 = 80 
𝐸𝐸 = 60 90 

Does not 
own car 

𝑂𝑂 = 40 
𝐸𝐸 = 20 

𝑂𝑂 = 20 
𝐸𝐸 = 40 60 

Tot. 50 100 150 
 

"When it comes to car ownership, is the proportion 
for teens the same as adults?" 

Because 𝑃𝑃-value [ < | > ] 𝛼𝛼,  

we [ REJECT | FAIL TO REJECT ] 𝐻𝐻0. 

There is [ ENOUGH | NOT ENOUGH ] evidence 

that car ownership is dependent on age group. 

EXAMPLE Test if the proportion of car ownership is the same for the different age groups, using a test statistic 
𝜒𝜒2 = 50, and 𝛼𝛼 = 0.05. 

TOPIC: CHI-SQUARE HOMOGENEITY TEST 
Homogeneity Test 

◆ Two or more populations are Homogeneous if they have the same ______________ of some characteristic. 

▪ Homogeneity Tests use the same steps & math as independence tests with different hypotheses & conclusions. 
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Independence Test Homogeneity Test Recall New 

𝐻𝐻0: Variables are independent. 

𝐻𝐻𝑎𝑎: Variables are dependent. 

Because 𝑃𝑃-value [ < | > ] 𝛼𝛼,  

we [ REJECT | FAIL TO REJECT ] 𝐻𝐻0. 

There is [ ENOUGH | NOT ENOUGH ] evidence that the 

proportion of car ownership is different for 2 pop’s. 

Random Samples?   ☐
Observed freq. for each category? ☐
𝐸𝐸 ≥ 5 for each category?  ☐

𝝌𝝌𝟐𝟐 

𝑃𝑃-value = Area "beyond" 𝜒𝜒2 

𝑃𝑃-value = _________ 𝑑𝑑𝑑𝑑 = ___ 

𝑑𝑑𝑑𝑑 = (𝑟𝑟 − 1)(𝑐𝑐 − 1) 

𝑂𝑂 = observed freq. 
𝐸𝐸 = expected freq. 
 
 

𝜒𝜒2 = ∑
(𝑂𝑂 − 𝐸𝐸)2

𝐸𝐸  𝐸𝐸 = 𝑟𝑟𝑟𝑟𝑟𝑟 𝑡𝑡𝑟𝑟𝑡𝑡𝑡𝑡𝑡𝑡 ⋅ 𝑐𝑐𝑟𝑟𝑡𝑡 𝑡𝑡𝑟𝑟𝑡𝑡𝑡𝑡𝑡𝑡
𝑇𝑇𝑟𝑟𝑡𝑡𝑡𝑡𝑡𝑡  

Populations Variable 1 
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 Age Group 
Teens Adults Tot. 

Ca
r O

wn
er

sh
ip Owns 

car 
𝑂𝑂 = 10 
𝐸𝐸 = 30 

𝑂𝑂 = 80 
𝐸𝐸 = 60 90 

Does not 
own car 

𝑂𝑂 = 40 
𝐸𝐸 = 20 

𝑂𝑂 = 20 
𝐸𝐸 = 40 60 

Tot. 50 100 150 
 

"Does age group affect car ownership?" 

𝐻𝐻0: All proportions of ____________________ are 

the SAME for all ________________. 

𝐻𝐻𝑎𝑎: At least 1 proportion is _______ for the pop’s. 

(populations) 

(characteristic) 

 Age Group 
Teens Adults Tot. 

Ca
r O

wn
er

sh
ip Owns 

car 
𝑂𝑂 = 10 
𝐸𝐸 = 30 

𝑂𝑂 = 80 
𝐸𝐸 = 60 90 

Does not 
own car 

𝑂𝑂 = 40 
𝐸𝐸 = 20 

𝑂𝑂 = 20 
𝐸𝐸 = 40 60 

Tot. 50 100 150 
 

"When it comes to car ownership, is the proportion 
for teens the same as adults?" 

Because 𝑃𝑃-value [ < | > ] 𝛼𝛼,  

we [ REJECT | FAIL TO REJECT ] 𝐻𝐻0. 

There is [ ENOUGH | NOT ENOUGH ] evidence 

that car ownership is dependent on age group. 

EXAMPLE Test if the proportion of car ownership is the same for the different age groups, using a test statistic 
𝜒𝜒2 = 50, and 𝛼𝛼 = 0.05. 

TOPIC: CHI-SQUARE HOMOGENEITY TEST 
Homogeneity Test 

◆ Two or more populations are Homogeneous if they have the same ______________ of some characteristic. 

▪ Homogeneity Tests use the same steps & math as independence tests with different hypotheses & conclusions. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

BIZ REG 

Independence Test Homogeneity Test Recall New 

𝐻𝐻0: Variables are independent. 

𝐻𝐻𝑎𝑎: Variables are dependent. 

Because 𝑃𝑃-value [ < | > ] 𝛼𝛼,  

we [ REJECT | FAIL TO REJECT ] 𝐻𝐻0. 

There is [ ENOUGH | NOT ENOUGH ] evidence that the 

proportion of car ownership is different for 2 pop’s. 

Random Samples?   ☐
Observed freq. for each category? ☐
𝐸𝐸 ≥ 5 for each category?  ☐

𝝌𝝌𝟐𝟐 

𝑃𝑃-value = Area "beyond" 𝜒𝜒2 

𝑃𝑃-value = _________ 𝑑𝑑𝑑𝑑 = ___ 

𝑑𝑑𝑑𝑑 = (𝑟𝑟 − 1)(𝑐𝑐 − 1) 

𝑂𝑂 = observed freq. 
𝐸𝐸 = expected freq. 
 
 

𝜒𝜒2 = ∑
(𝑂𝑂 − 𝐸𝐸)2

𝐸𝐸  𝐸𝐸 = 𝑟𝑟𝑟𝑟𝑟𝑟 𝑡𝑡𝑟𝑟𝑡𝑡𝑡𝑡𝑡𝑡 ⋅ 𝑐𝑐𝑟𝑟𝑡𝑡 𝑡𝑡𝑟𝑟𝑡𝑡𝑡𝑡𝑡𝑡
𝑇𝑇𝑟𝑟𝑡𝑡𝑡𝑡𝑡𝑡  

Populations Variable 1 

Variable 2 Characteristic 

=  
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 Age Group 
Teens Adults Tot. 

Ca
r O

wn
er

sh
ip Owns 

car 
𝑂𝑂 = 10 
𝐸𝐸 = 30 

𝑂𝑂 = 80 
𝐸𝐸 = 60 90 

Does not 
own car 

𝑂𝑂 = 40 
𝐸𝐸 = 20 

𝑂𝑂 = 20 
𝐸𝐸 = 40 60 

Tot. 50 100 150 
 

"Does age group affect car ownership?" 

𝐻𝐻0: All proportions of ____________________ are 

the SAME for all ________________. 

𝐻𝐻𝑎𝑎: At least 1 proportion is _______ for the pop’s. 

(populations) 

(characteristic) 

 Age Group 
Teens Adults Tot. 

Ca
r O

wn
er

sh
ip Owns 

car 
𝑂𝑂 = 10 
𝐸𝐸 = 30 

𝑂𝑂 = 80 
𝐸𝐸 = 60 90 

Does not 
own car 

𝑂𝑂 = 40 
𝐸𝐸 = 20 

𝑂𝑂 = 20 
𝐸𝐸 = 40 60 

Tot. 50 100 150 
 

"When it comes to car ownership, is the proportion 
for teens the same as adults?" 

Because 𝑃𝑃-value [ < | > ] 𝛼𝛼,  

we [ REJECT | FAIL TO REJECT ] 𝐻𝐻0. 

There is [ ENOUGH | NOT ENOUGH ] evidence 

that car ownership is dependent on age group. 

EXAMPLE Test if the proportion of car ownership is the same for the different age groups, using a test statistic 
𝜒𝜒2 = 50, and 𝛼𝛼 = 0.05. 

TOPIC: CHI-SQUARE HOMOGENEITY TEST 
Homogeneity Test 

◆ Two or more populations are Homogeneous if they have the same ______________ of some characteristic. 

▪ Homogeneity Tests use the same steps & math as independence tests with different hypotheses & conclusions. 
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Independence Test Homogeneity Test Recall New 

𝐻𝐻0: Variables are independent. 

𝐻𝐻𝑎𝑎: Variables are dependent. 

Because 𝑃𝑃-value [ < | > ] 𝛼𝛼,  

we [ REJECT | FAIL TO REJECT ] 𝐻𝐻0. 

There is [ ENOUGH | NOT ENOUGH ] evidence that the 

proportion of car ownership is different for 2 pop’s. 

Random Samples?   ☐
Observed freq. for each category? ☐
𝐸𝐸 ≥ 5 for each category?  ☐

𝝌𝝌𝟐𝟐 

𝑃𝑃-value = Area "beyond" 𝜒𝜒2 

𝑃𝑃-value = _________ 𝑑𝑑𝑑𝑑 = ___ 

𝑑𝑑𝑑𝑑 = (𝑟𝑟 − 1)(𝑐𝑐 − 1) 

𝑂𝑂 = observed freq. 
𝐸𝐸 = expected freq. 
 
 

𝜒𝜒2 = ∑
(𝑂𝑂 − 𝐸𝐸)2

𝐸𝐸  𝐸𝐸 = 𝑟𝑟𝑟𝑟𝑟𝑟 𝑡𝑡𝑟𝑟𝑡𝑡𝑡𝑡𝑡𝑡 ⋅ 𝑐𝑐𝑟𝑟𝑡𝑡 𝑡𝑡𝑟𝑟𝑡𝑡𝑡𝑡𝑡𝑡
𝑇𝑇𝑟𝑟𝑡𝑡𝑡𝑡𝑡𝑡  

Populations Variable 1 

Variable 2 Characteristic 

=  
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 Age Group 
Teens Adults Tot. 

Ca
r O

wn
er

sh
ip Owns 

car 
𝑂𝑂 = 10 
𝐸𝐸 = 30 

𝑂𝑂 = 80 
𝐸𝐸 = 60 90 

Does not 
own car 

𝑂𝑂 = 40 
𝐸𝐸 = 20 

𝑂𝑂 = 20 
𝐸𝐸 = 40 60 

Tot. 50 100 150 
 

"Does age group affect car ownership?" 

𝐻𝐻0: All proportions of ____________________ are 

the SAME for all ________________. 

𝐻𝐻𝑎𝑎: At least 1 proportion is _______ for the pop’s. 

(populations) 

(characteristic) 

 Age Group 
Teens Adults Tot. 

Ca
r O

wn
er

sh
ip Owns 

car 
𝑂𝑂 = 10 
𝐸𝐸 = 30 

𝑂𝑂 = 80 
𝐸𝐸 = 60 90 

Does not 
own car 

𝑂𝑂 = 40 
𝐸𝐸 = 20 

𝑂𝑂 = 20 
𝐸𝐸 = 40 60 

Tot. 50 100 150 
 

"When it comes to car ownership, is the proportion 
for teens the same as adults?" 

Because 𝑃𝑃-value [ < | > ] 𝛼𝛼,  

we [ REJECT | FAIL TO REJECT ] 𝐻𝐻0. 

There is [ ENOUGH | NOT ENOUGH ] evidence 

that car ownership is dependent on age group. 

Variable 1

Variable 1

Populations
Characteristic

Hypoth. Tests Goodness of Fit Tests Recall New 

EXAMPLE 

You roll a 6-sided die 60 times and list the observed frequencies in 
the table. Determine if this die is fair by testing the goodness of fit 
of the die rolls with a uniform distribution. Use 𝛼𝛼 = 0.05 
 

 
Goodness of Fit Test 

◆ Use a Goodness of Fit test to determine if __________ frequencies match “claimed” frequencies in a distribution. 

▪ Instead of testing just one parameter, you’ll test the frequencies for ________ categories. 

 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

𝝌𝝌𝟐𝟐 

𝑃𝑃-value = Area "beyond" 𝜒𝜒2 

𝑃𝑃-value = _______ 

𝐻𝐻0: observed frequencies match claimed distribution 

𝐻𝐻𝑎𝑎: observed frequencies DO NOT match claimed distribution, i.e  
      at least ______ of the probabilities is different from claimed. 

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

There is [ ENOUGH | NOT ENOUGH ] evidence to conclude that the observed 
frequencies do not match the claimed distribution, therefore it [ IS | IS NOT ] 
a good fit and the die __________ fair. 

Random Samples?   ☐
Observed freq. for each category? ☐
𝐸𝐸 ≥ 5 for each category?  ☐

Roll 1 2 3 4 5 6 
Frequency 13 12 1 11 14 9 

 

Random  
Samples?

𝑋𝑋 is Normal 
OR 𝑛𝑛 > 30  

☐

☐

Because 𝑃𝑃-value … 

 

𝒛𝒛 

𝐻𝐻0: 𝜇𝜇 = # 

𝐻𝐻𝑎𝑎: 𝜇𝜇 </>/≠  # 

𝑧𝑧 = �̅�𝑥 − 𝜇𝜇
𝜎𝜎/√𝑛𝑛
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BIZ REG 

𝑂𝑂 = observed freq. 
𝐸𝐸 = expected freq. 
𝑛𝑛 = total sample size 
𝑘𝑘 = # of categories 𝑛𝑛 = ____  𝑘𝑘 = ____ 𝐸𝐸 = ____ 

𝜒𝜒2 = ෍
ሺ𝑂𝑂 − 𝐸𝐸ሻ2

𝐸𝐸  

If claimed prob’s same: 

𝐸𝐸 = 𝑛𝑛
𝑘𝑘 

𝜒𝜒2 =
ሺ    −   ሻ2

 +
ሺ    −10ሻ2

10 +
ሺ    −10ሻ2

10 +
ሺ    −10ሻ2

10 +
ሺ    −10ሻ2

10 +
ሺ    −10ሻ2

10  

=      
10 +

     
10 +

     
10 +

     
10 +

     
10 +

     
10 

𝑑𝑑𝑓𝑓 = 𝑘𝑘 − 1 

𝑑𝑑𝑓𝑓 = ___ 

At least 1 proportion is _______ for the pop's.

All proportions of _______________ are

the SAME for all ____________.

Hypoth. Tests Goodness of Fit Tests Recall New 

EXAMPLE 

You roll a 6-sided die 60 times and list the observed frequencies in 
the table. Determine if this die is fair by testing the goodness of fit 
of the die rolls with a uniform distribution. Use 𝛼𝛼 = 0.05 
 

 
Goodness of Fit Test 

◆ Use a Goodness of Fit test to determine if __________ frequencies match “claimed” frequencies in a distribution. 

▪ Instead of testing just one parameter, you’ll test the frequencies for ________ categories. 

 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

𝝌𝝌𝟐𝟐 

𝑃𝑃-value = Area "beyond" 𝜒𝜒2 

𝑃𝑃-value = _______ 

𝐻𝐻0: observed frequencies match claimed distribution 

𝐻𝐻𝑎𝑎: observed frequencies DO NOT match claimed distribution, i.e  
      at least ______ of the probabilities is different from claimed. 

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

There is [ ENOUGH | NOT ENOUGH ] evidence to conclude that the observed 
frequencies do not match the claimed distribution, therefore it [ IS | IS NOT ] 
a good fit and the die __________ fair. 

Random Samples?   ☐
Observed freq. for each category? ☐
𝐸𝐸 ≥ 5 for each category?  ☐

Roll 1 2 3 4 5 6 
Frequency 13 12 1 11 14 9 

 

Random  
Samples?

𝑋𝑋 is Normal 
OR 𝑛𝑛 > 30  

☐

☐

Because 𝑃𝑃-value … 

 

𝒛𝒛 

𝐻𝐻0: 𝜇𝜇 = # 

𝐻𝐻𝑎𝑎: 𝜇𝜇 </>/≠  # 

𝑧𝑧 = �̅�𝑥 − 𝜇𝜇
𝜎𝜎/√𝑛𝑛
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𝑂𝑂 = observed freq. 
𝐸𝐸 = expected freq. 
𝑛𝑛 = total sample size 
𝑘𝑘 = # of categories 𝑛𝑛 = ____  𝑘𝑘 = ____ 𝐸𝐸 = ____ 

𝜒𝜒2 = ෍
ሺ𝑂𝑂 − 𝐸𝐸ሻ2

𝐸𝐸  

If claimed prob’s same: 

𝐸𝐸 = 𝑛𝑛
𝑘𝑘 

𝜒𝜒2 =
ሺ    −   ሻ2

 +
ሺ    −10ሻ2

10 +
ሺ    −10ሻ2

10 +
ሺ    −10ሻ2

10 +
ሺ    −10ሻ2

10 +
ሺ    −10ሻ2

10  

=      
10 +

     
10 +

     
10 +

     
10 +

     
10 +

     
10 

𝑑𝑑𝑓𝑓 = 𝑘𝑘 − 1 

𝑑𝑑𝑓𝑓 = ___ 

(characteristic)

(populations)

EXAMPLE 

According to Benford’s Law, the 1st digits of large numbers in real-world data sets follow the probability distribution in 
the table. Also listed in the table are the 1st-digit frequencies of the populations of 100 random cities across Europe. 
Find the test statistic that would be used to test if these digits follow Benford’s Law. 
 

TOPIC: CHI-SQUARE GOODNESS OF FIT TEST 
Goodness of Fit Test: Unequal Probabilities 

◆ If claimed probabilities AREN'T equal, find expected freq's using given probabilities instead of # of categories. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

𝐸𝐸 = 𝑛𝑛𝑛𝑛 
New 1st Digit 1 2 3 4 5 6 7 8 9 

Frequency (𝑶𝑶) 18 14 11 13 12 9 5 8 10 
Benford’s Law 

Prob’s (𝒑𝒑) .301 .176 .125 .097 .079 .067 .058 .051 .046 

Exp. Freq. (𝑬𝑬)          

(𝑶𝑶 − 𝑬𝑬)𝟐𝟐
𝑬𝑬  

         

 

𝜒𝜒2 =෍
(𝑂𝑂−𝐸𝐸)2

𝐸𝐸  

Recall 

𝜒𝜒2 = _____ 

𝑛𝑛 = ____ 

EXAMPLE 

According to Benford’s Law, the 1st digits of large numbers in real-world data sets follow the probability distribution in 
the table. Also listed in the table are the 1st-digit frequencies of the populations of 100 random cities across Europe. 
Find the test statistic that would be used to test if these digits follow Benford’s Law. 
 

TOPIC: CHI-SQUARE GOODNESS OF FIT TEST 
Goodness of Fit Test: Unequal Probabilities 

◆ If claimed probabilities AREN'T equal, find expected freq's using given probabilities instead of # of categories. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

𝐸𝐸 = 𝑛𝑛𝑛𝑛 
New 1st Digit 1 2 3 4 5 6 7 8 9 

Frequency (𝑶𝑶) 18 14 11 13 12 9 5 8 10 
Benford’s Law 

Prob’s (𝒑𝒑) .301 .176 .125 .097 .079 .067 .058 .051 .046 

Exp. Freq. (𝑬𝑬)          

(𝑶𝑶 − 𝑬𝑬)𝟐𝟐
𝑬𝑬  

         

 

𝜒𝜒2 =෍
(𝑂𝑂−𝐸𝐸)2

𝐸𝐸  

Recall 

𝜒𝜒2 = _____ 

𝑛𝑛 = ____ 

EXAMPLE Test if the proportion of car ownership is the same for the different age groups, using a test statistic 
𝜒𝜒2 = 50, and 𝛼𝛼 = 0.05. 

TOPIC: CHI-SQUARE HOMOGENEITY TEST 
Homogeneity Test 

◆ Two or more populations are Homogeneous if they have the same ______________ of some characteristic. 

▪ Homogeneity Tests use the same steps & math as independence tests with different hypotheses & conclusions. 
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Independence Test Homogeneity Test Recall New 

𝐻𝐻0: Variables are independent. 

𝐻𝐻𝑎𝑎: Variables are dependent. 

Because 𝑃𝑃-value [ < | > ] 𝛼𝛼,  

we [ REJECT | FAIL TO REJECT ] 𝐻𝐻0. 

There is [ ENOUGH | NOT ENOUGH ] evidence that the 

proportion of car ownership is different for 2 pop’s. 

Random Samples?   ☐
Observed freq. for each category? ☐
𝐸𝐸 ≥ 5 for each category?  ☐

𝝌𝝌𝟐𝟐 

𝑃𝑃-value = Area "beyond" 𝜒𝜒2 

𝑃𝑃-value = _________ 𝑑𝑑𝑑𝑑 = ___ 

𝑑𝑑𝑑𝑑 = (𝑟𝑟 − 1)(𝑐𝑐 − 1) 

𝑂𝑂 = observed freq. 
𝐸𝐸 = expected freq. 
 
 

𝜒𝜒2 = ∑
(𝑂𝑂 − 𝐸𝐸)2

𝐸𝐸  𝐸𝐸 = 𝑟𝑟𝑟𝑟𝑟𝑟 𝑡𝑡𝑟𝑟𝑡𝑡𝑡𝑡𝑡𝑡 ⋅ 𝑐𝑐𝑟𝑟𝑡𝑡 𝑡𝑡𝑟𝑟𝑡𝑡𝑡𝑡𝑡𝑡
𝑇𝑇𝑟𝑟𝑡𝑡𝑡𝑡𝑡𝑡  

Populations Variable 1 

Variable 2 Characteristic 

=  
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 Age Group 
Teens Adults Tot. 

Ca
r O

wn
er

sh
ip Owns 

car 
𝑂𝑂 = 10 
𝐸𝐸 = 30 

𝑂𝑂 = 80 
𝐸𝐸 = 60 90 

Does not 
own car 

𝑂𝑂 = 40 
𝐸𝐸 = 20 

𝑂𝑂 = 20 
𝐸𝐸 = 40 60 

Tot. 50 100 150 
 

"Does age group affect car ownership?" 

𝐻𝐻0: All proportions of ____________________ are 

the SAME for all ________________. 

𝐻𝐻𝑎𝑎: At least 1 proportion is _______ for the pop’s. 

(populations) 

(characteristic) 

 Age Group 
Teens Adults Tot. 

Ca
r O

wn
er

sh
ip Owns 

car 
𝑂𝑂 = 10 
𝐸𝐸 = 30 

𝑂𝑂 = 80 
𝐸𝐸 = 60 90 

Does not 
own car 

𝑂𝑂 = 40 
𝐸𝐸 = 20 

𝑂𝑂 = 20 
𝐸𝐸 = 40 60 

Tot. 50 100 150 
 

"When it comes to car ownership, is the proportion 
for teens the same as adults?" 

Because 𝑃𝑃-value [ < | > ] 𝛼𝛼,  

we [ REJECT | FAIL TO REJECT ] 𝐻𝐻0. 

There is [ ENOUGH | NOT ENOUGH ] evidence 

that car ownership is dependent on age group. 

EXAMPLE Test if the proportion of car ownership is the same for the different age groups, using a test statistic 
𝜒𝜒2 = 50, and 𝛼𝛼 = 0.05. 

TOPIC: CHI-SQUARE HOMOGENEITY TEST 
Homogeneity Test 

◆ Two or more populations are Homogeneous if they have the same ______________ of some characteristic. 

▪ Homogeneity Tests use the same steps & math as independence tests with different hypotheses & conclusions. 
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Independence Test Homogeneity Test Recall New 

𝐻𝐻0: Variables are independent. 

𝐻𝐻𝑎𝑎: Variables are dependent. 

Because 𝑃𝑃-value [ < | > ] 𝛼𝛼,  

we [ REJECT | FAIL TO REJECT ] 𝐻𝐻0. 

There is [ ENOUGH | NOT ENOUGH ] evidence that the 

proportion of car ownership is different for 2 pop’s. 

Random Samples?   ☐
Observed freq. for each category? ☐
𝐸𝐸 ≥ 5 for each category?  ☐

𝝌𝝌𝟐𝟐 

𝑃𝑃-value = Area "beyond" 𝜒𝜒2 

𝑃𝑃-value = _________ 𝑑𝑑𝑑𝑑 = ___ 

𝑑𝑑𝑑𝑑 = (𝑟𝑟 − 1)(𝑐𝑐 − 1) 

𝑂𝑂 = observed freq. 
𝐸𝐸 = expected freq. 
 
 

𝜒𝜒2 = ∑
(𝑂𝑂 − 𝐸𝐸)2

𝐸𝐸  𝐸𝐸 = 𝑟𝑟𝑟𝑟𝑟𝑟 𝑡𝑡𝑟𝑟𝑡𝑡𝑡𝑡𝑡𝑡 ⋅ 𝑐𝑐𝑟𝑟𝑡𝑡 𝑡𝑡𝑟𝑟𝑡𝑡𝑡𝑡𝑡𝑡
𝑇𝑇𝑟𝑟𝑡𝑡𝑡𝑡𝑡𝑡  

Populations Variable 1 

Variable 2 Characteristic 

=  
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 Age Group 
Teens Adults Tot. 

Ca
r O

wn
er

sh
ip Owns 

car 
𝑂𝑂 = 10 
𝐸𝐸 = 30 

𝑂𝑂 = 80 
𝐸𝐸 = 60 90 

Does not 
own car 

𝑂𝑂 = 40 
𝐸𝐸 = 20 

𝑂𝑂 = 20 
𝐸𝐸 = 40 60 

Tot. 50 100 150 
 

"Does age group affect car ownership?" 

𝐻𝐻0: All proportions of ____________________ are 

the SAME for all ________________. 

𝐻𝐻𝑎𝑎: At least 1 proportion is _______ for the pop’s. 

(populations) 

(characteristic) 

 Age Group 
Teens Adults Tot. 

Ca
r O

wn
er

sh
ip Owns 

car 
𝑂𝑂 = 10 
𝐸𝐸 = 30 

𝑂𝑂 = 80 
𝐸𝐸 = 60 90 

Does not 
own car 

𝑂𝑂 = 40 
𝐸𝐸 = 20 

𝑂𝑂 = 20 
𝐸𝐸 = 40 60 

Tot. 50 100 150 
 

"When it comes to car ownership, is the proportion 
for teens the same as adults?" 

Because 𝑃𝑃-value [ < | > ] 𝛼𝛼,  

we [ REJECT | FAIL TO REJECT ] 𝐻𝐻0. 

There is [ ENOUGH | NOT ENOUGH ] evidence 

that car ownership is dependent on age group. 

observed freq.

expected freq.

Because    -value [ < | > ]    ,

we [ REJECT | FAIL TO REJECT ]     .

There is [ ENOUGH | NOT ENOUGH ] evidence that the 

proportion of car ownership is different for 2 pop's.

Hypoth. Tests Goodness of Fit Tests Recall New 

EXAMPLE 

You roll a 6-sided die 60 times and list the observed frequencies in 
the table. Determine if this die is fair by testing the goodness of fit 
of the die rolls with a uniform distribution. Use 𝛼𝛼 = 0.05 
 

 
Goodness of Fit Test 

◆ Use a Goodness of Fit test to determine if __________ frequencies match “claimed” frequencies in a distribution. 

▪ Instead of testing just one parameter, you’ll test the frequencies for ________ categories. 

 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

𝝌𝝌𝟐𝟐 

𝑃𝑃-value = Area "beyond" 𝜒𝜒2 

𝑃𝑃-value = _______ 

𝐻𝐻0: observed frequencies match claimed distribution 

𝐻𝐻𝑎𝑎: observed frequencies DO NOT match claimed distribution, i.e  
      at least ______ of the probabilities is different from claimed. 

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

There is [ ENOUGH | NOT ENOUGH ] evidence to conclude that the observed 
frequencies do not match the claimed distribution, therefore it [ IS | IS NOT ] 
a good fit and the die __________ fair. 

Random Samples?   ☐
Observed freq. for each category? ☐
𝐸𝐸 ≥ 5 for each category?  ☐

Roll 1 2 3 4 5 6 
Frequency 13 12 1 11 14 9 

 

Random  
Samples?

𝑋𝑋 is Normal 
OR 𝑛𝑛 > 30  

☐

☐

Because 𝑃𝑃-value … 

 

𝒛𝒛 

𝐻𝐻0: 𝜇𝜇 = # 

𝐻𝐻𝑎𝑎: 𝜇𝜇 </>/≠  # 

𝑧𝑧 = �̅�𝑥 − 𝜇𝜇
𝜎𝜎/√𝑛𝑛
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𝑂𝑂 = observed freq. 
𝐸𝐸 = expected freq. 
𝑛𝑛 = total sample size 
𝑘𝑘 = # of categories 𝑛𝑛 = ____  𝑘𝑘 = ____ 𝐸𝐸 = ____ 

𝜒𝜒2 = ෍
ሺ𝑂𝑂 − 𝐸𝐸ሻ2

𝐸𝐸  

If claimed prob’s same: 

𝐸𝐸 = 𝑛𝑛
𝑘𝑘 

𝜒𝜒2 =
ሺ    −   ሻ2

 +
ሺ    −10ሻ2

10 +
ሺ    −10ሻ2

10 +
ሺ    −10ሻ2

10 +
ሺ    −10ሻ2

10 +
ሺ    −10ሻ2

10  

=      
10 +

     
10 +

     
10 +

     
10 +

     
10 +

     
10 

𝑑𝑑𝑓𝑓 = 𝑘𝑘 − 1 

𝑑𝑑𝑓𝑓 = ___ 

EXAMPLE   
The graph below shows weekly study times (in hours) from a random, independent sample of 𝑁𝑁 = 100 10th-12th 
graders. Test the claim that students across these grades study on average for the same amount of time, using 𝛼𝛼 =
0.05, 𝐹𝐹 = 2.14,  Assume the population distributions are normal with approximately the same variances. 

TOPIC: ONE-WAY ANOVA 
One-Way ANOVA Test  

◆ Recall: ANOVA compares 3+ means by analyzing variance between & within groups (aka samples, treatments, levels). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

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

𝐻𝐻0. There is [ ENOUGH | NOT ENOUGH ] evidence to suggest 

that at least one mean is significantly different. 

 

Analysis Of Variance New 

Grade 

St
ud

y 
Ti

m
e 

10 11 12 

8 

6 

4 

2 

4) 

1)  

2) 

3) 
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𝐻𝐻0: All means are the same; 𝜇𝜇1 = 𝜇𝜇2 = ⋯ = 𝜇𝜇𝑘𝑘  

𝐻𝐻𝑎𝑎: At least ___ mean is _____________ from the others. 

Random Samples?  ☐
Independent Samples?  ☐

𝑑𝑑𝑓𝑓𝑛𝑛𝑛𝑛𝑛𝑛 = _______ 

𝑑𝑑𝑓𝑓𝑑𝑑𝑑𝑑𝑛𝑛𝑑𝑑𝑛𝑛 = _______ 

𝑃𝑃-value = _______ 

𝐹𝐹-stat = _______ 

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

𝐹𝐹 = 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 𝑏𝑏𝑣𝑣𝑏𝑏𝑏𝑏𝑣𝑣𝑣𝑣𝑣𝑣 𝑔𝑔𝑣𝑣𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔
𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 𝑏𝑏𝑣𝑣𝑏𝑏ℎ𝑣𝑣𝑣𝑣 𝑔𝑔𝑣𝑣𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔

𝑭𝑭 

Area "beyond" 
𝐹𝐹-stat. 

𝑑𝑑𝑓𝑓𝑛𝑛𝑛𝑛𝑛𝑛 = 𝑘𝑘 − 1 
𝑑𝑑𝑓𝑓𝑑𝑑𝑑𝑑𝑛𝑛𝑑𝑑𝑛𝑛 = 𝑁𝑁 − 𝑘𝑘 

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

Hypoth. Tests Goodness of Fit Tests Recall New 

EXAMPLE 

You roll a 6-sided die 60 times and list the observed frequencies in 
the table. Determine if this die is fair by testing the goodness of fit 
of the die rolls with a uniform distribution. Use 𝛼𝛼 = 0.05 
 

 
Goodness of Fit Test 

◆ Use a Goodness of Fit test to determine if __________ frequencies match “claimed” frequencies in a distribution. 

▪ Instead of testing just one parameter, you’ll test the frequencies for ________ categories. 

 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

𝝌𝝌𝟐𝟐 

𝑃𝑃-value = Area "beyond" 𝜒𝜒2 

𝑃𝑃-value = _______ 

𝐻𝐻0: observed frequencies match claimed distribution 

𝐻𝐻𝑎𝑎: observed frequencies DO NOT match claimed distribution, i.e  
      at least ______ of the probabilities is different from claimed. 

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

There is [ ENOUGH | NOT ENOUGH ] evidence to conclude that the observed 
frequencies do not match the claimed distribution, therefore it [ IS | IS NOT ] 
a good fit and the die __________ fair. 

Random Samples?   ☐
Observed freq. for each category? ☐
𝐸𝐸 ≥ 5 for each category?  ☐

Roll 1 2 3 4 5 6 
Frequency 13 12 1 11 14 9 

 

Random  
Samples?

𝑋𝑋 is Normal 
OR 𝑛𝑛 > 30  

☐

☐

Because 𝑃𝑃-value … 

 

𝒛𝒛 

𝐻𝐻0: 𝜇𝜇 = # 

𝐻𝐻𝑎𝑎: 𝜇𝜇 </>/≠  # 

𝑧𝑧 = �̅�𝑥 − 𝜇𝜇
𝜎𝜎/√𝑛𝑛
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𝑂𝑂 = observed freq. 
𝐸𝐸 = expected freq. 
𝑛𝑛 = total sample size 
𝑘𝑘 = # of categories 𝑛𝑛 = ____  𝑘𝑘 = ____ 𝐸𝐸 = ____ 

𝜒𝜒2 = ෍
ሺ𝑂𝑂 − 𝐸𝐸ሻ2

𝐸𝐸  

If claimed prob’s same: 

𝐸𝐸 = 𝑛𝑛
𝑘𝑘 

𝜒𝜒2 =
ሺ    −   ሻ2

 +
ሺ    −10ሻ2

10 +
ሺ    −10ሻ2

10 +
ሺ    −10ሻ2

10 +
ሺ    −10ሻ2

10 +
ሺ    −10ሻ2

10  

=      
10 +

     
10 +

     
10 +

     
10 +

     
10 +

     
10 

𝑑𝑑𝑓𝑓 = 𝑘𝑘 − 1 

𝑑𝑑𝑓𝑓 = ___ 



TOPIC: CHI-SQUARE HOMOGENEITY TEST

A pharmecutical company is testing the effectiveness of a new ADHD medication. At the 0.05 level of significance, test 
whether there is a difference in the distribution of symptom improvement between the placebo group and the group that 
received the new drug.

EXAMPLE

Group

Placebo Non-Placebo Total

Sy
m

pt
om

s Improved 18 37 55

Not Improved 30 15 45

Total 48 52 100

Random Samples?

Observed freq. for each category?

           for each category?

Hypoth. Tests Goodness of Fit Tests Recall New 

EXAMPLE 

You roll a 6-sided die 60 times and list the observed frequencies in 
the table. Determine if this die is fair by testing the goodness of fit 
of the die rolls with a uniform distribution. Use 𝛼𝛼 = 0.05 
 

 
Goodness of Fit Test 

◆ Use a Goodness of Fit test to determine if __________ frequencies match “claimed” frequencies in a distribution. 

▪ Instead of testing just one parameter, you’ll test the frequencies for ________ categories. 

 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

𝝌𝝌𝟐𝟐 

𝑃𝑃-value = Area "beyond" 𝜒𝜒2 

𝑃𝑃-value = _______ 

𝐻𝐻0: observed frequencies match claimed distribution 

𝐻𝐻𝑎𝑎: observed frequencies DO NOT match claimed distribution, i.e  
      at least ______ of the probabilities is different from claimed. 

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

There is [ ENOUGH | NOT ENOUGH ] evidence to conclude that the observed 
frequencies do not match the claimed distribution, therefore it [ IS | IS NOT ] 
a good fit and the die __________ fair. 

Random Samples?   ☐
Observed freq. for each category? ☐
𝐸𝐸 ≥ 5 for each category?  ☐

Roll 1 2 3 4 5 6 
Frequency 13 12 1 11 14 9 

 

Random  
Samples?

𝑋𝑋 is Normal 
OR 𝑛𝑛 > 30  

☐

☐

Because 𝑃𝑃-value … 

 

𝒛𝒛 

𝐻𝐻0: 𝜇𝜇 = # 

𝐻𝐻𝑎𝑎: 𝜇𝜇 </>/≠  # 

𝑧𝑧 = �̅�𝑥 − 𝜇𝜇
𝜎𝜎/√𝑛𝑛
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𝑂𝑂 = observed freq. 
𝐸𝐸 = expected freq. 
𝑛𝑛 = total sample size 
𝑘𝑘 = # of categories 𝑛𝑛 = ____  𝑘𝑘 = ____ 𝐸𝐸 = ____ 

𝜒𝜒2 = ෍
ሺ𝑂𝑂 − 𝐸𝐸ሻ2

𝐸𝐸  

If claimed prob’s same: 

𝐸𝐸 = 𝑛𝑛
𝑘𝑘 

𝜒𝜒2 =
ሺ    −   ሻ2

 +
ሺ    −10ሻ2

10 +
ሺ    −10ሻ2

10 +
ሺ    −10ሻ2

10 +
ሺ    −10ሻ2

10 +
ሺ    −10ሻ2

10  

=      
10 +

     
10 +

     
10 +

     
10 +

     
10 +

     
10 

𝑑𝑑𝑓𝑓 = 𝑘𝑘 − 1 

𝑑𝑑𝑓𝑓 = ___ 

Hypoth. Tests Goodness of Fit Tests Recall New 

EXAMPLE 

You roll a 6-sided die 60 times and list the observed frequencies in 
the table. Determine if this die is fair by testing the goodness of fit 
of the die rolls with a uniform distribution. Use 𝛼𝛼 = 0.05 
 

 
Goodness of Fit Test 

◆ Use a Goodness of Fit test to determine if __________ frequencies match “claimed” frequencies in a distribution. 

▪ Instead of testing just one parameter, you’ll test the frequencies for ________ categories. 

 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

𝝌𝝌𝟐𝟐 

𝑃𝑃-value = Area "beyond" 𝜒𝜒2 

𝑃𝑃-value = _______ 

𝐻𝐻0: observed frequencies match claimed distribution 

𝐻𝐻𝑎𝑎: observed frequencies DO NOT match claimed distribution, i.e  
      at least ______ of the probabilities is different from claimed. 

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

There is [ ENOUGH | NOT ENOUGH ] evidence to conclude that the observed 
frequencies do not match the claimed distribution, therefore it [ IS | IS NOT ] 
a good fit and the die __________ fair. 

Random Samples?   ☐
Observed freq. for each category? ☐
𝐸𝐸 ≥ 5 for each category?  ☐

Roll 1 2 3 4 5 6 
Frequency 13 12 1 11 14 9 

 

Random  
Samples?

𝑋𝑋 is Normal 
OR 𝑛𝑛 > 30  

☐

☐

Because 𝑃𝑃-value … 

 

𝒛𝒛 

𝐻𝐻0: 𝜇𝜇 = # 

𝐻𝐻𝑎𝑎: 𝜇𝜇 </>/≠  # 

𝑧𝑧 = �̅�𝑥 − 𝜇𝜇
𝜎𝜎/√𝑛𝑛
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𝑂𝑂 = observed freq. 
𝐸𝐸 = expected freq. 
𝑛𝑛 = total sample size 
𝑘𝑘 = # of categories 𝑛𝑛 = ____  𝑘𝑘 = ____ 𝐸𝐸 = ____ 

𝜒𝜒2 = ෍
ሺ𝑂𝑂 − 𝐸𝐸ሻ2

𝐸𝐸  

If claimed prob’s same: 

𝐸𝐸 = 𝑛𝑛
𝑘𝑘 

𝜒𝜒2 =
ሺ    −   ሻ2

 +
ሺ    −10ሻ2

10 +
ሺ    −10ሻ2

10 +
ሺ    −10ሻ2

10 +
ሺ    −10ሻ2

10 +
ሺ    −10ሻ2

10  

=      
10 +

     
10 +

     
10 +

     
10 +

     
10 +

     
10 

𝑑𝑑𝑓𝑓 = 𝑘𝑘 − 1 

𝑑𝑑𝑓𝑓 = ___ 

Hypoth. Tests Goodness of Fit Tests Recall New 

EXAMPLE 

You roll a 6-sided die 60 times and list the observed frequencies in 
the table. Determine if this die is fair by testing the goodness of fit 
of the die rolls with a uniform distribution. Use 𝛼𝛼 = 0.05 
 

 
Goodness of Fit Test 

◆ Use a Goodness of Fit test to determine if __________ frequencies match “claimed” frequencies in a distribution. 

▪ Instead of testing just one parameter, you’ll test the frequencies for ________ categories. 

 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

𝝌𝝌𝟐𝟐 

𝑃𝑃-value = Area "beyond" 𝜒𝜒2 

𝑃𝑃-value = _______ 

𝐻𝐻0: observed frequencies match claimed distribution 

𝐻𝐻𝑎𝑎: observed frequencies DO NOT match claimed distribution, i.e  
      at least ______ of the probabilities is different from claimed. 

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

There is [ ENOUGH | NOT ENOUGH ] evidence to conclude that the observed 
frequencies do not match the claimed distribution, therefore it [ IS | IS NOT ] 
a good fit and the die __________ fair. 

Random Samples?   ☐
Observed freq. for each category? ☐
𝐸𝐸 ≥ 5 for each category?  ☐

Roll 1 2 3 4 5 6 
Frequency 13 12 1 11 14 9 

 

Random  
Samples?

𝑋𝑋 is Normal 
OR 𝑛𝑛 > 30  

☐

☐

Because 𝑃𝑃-value … 

 

𝒛𝒛 

𝐻𝐻0: 𝜇𝜇 = # 

𝐻𝐻𝑎𝑎: 𝜇𝜇 </>/≠  # 

𝑧𝑧 = �̅�𝑥 − 𝜇𝜇
𝜎𝜎/√𝑛𝑛
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𝑂𝑂 = observed freq. 
𝐸𝐸 = expected freq. 
𝑛𝑛 = total sample size 
𝑘𝑘 = # of categories 𝑛𝑛 = ____  𝑘𝑘 = ____ 𝐸𝐸 = ____ 

𝜒𝜒2 = ෍
ሺ𝑂𝑂 − 𝐸𝐸ሻ2

𝐸𝐸  

If claimed prob’s same: 

𝐸𝐸 = 𝑛𝑛
𝑘𝑘 

𝜒𝜒2 =
ሺ    −   ሻ2

 +
ሺ    −10ሻ2

10 +
ሺ    −10ሻ2

10 +
ሺ    −10ሻ2

10 +
ሺ    −10ሻ2

10 +
ሺ    −10ሻ2

10  

=      
10 +

     
10 +

     
10 +

     
10 +

     
10 +

     
10 

𝑑𝑑𝑓𝑓 = 𝑘𝑘 − 1 

𝑑𝑑𝑓𝑓 = ___ 

Hypoth. Tests Goodness of Fit Tests Recall New 

EXAMPLE 

You roll a 6-sided die 60 times and list the observed frequencies in 
the table. Determine if this die is fair by testing the goodness of fit 
of the die rolls with a uniform distribution. Use 𝛼𝛼 = 0.05 
 

 
Goodness of Fit Test 

◆ Use a Goodness of Fit test to determine if __________ frequencies match “claimed” frequencies in a distribution. 

▪ Instead of testing just one parameter, you’ll test the frequencies for ________ categories. 

 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

𝝌𝝌𝟐𝟐 

𝑃𝑃-value = Area "beyond" 𝜒𝜒2 

𝑃𝑃-value = _______ 

𝐻𝐻0: observed frequencies match claimed distribution 

𝐻𝐻𝑎𝑎: observed frequencies DO NOT match claimed distribution, i.e  
      at least ______ of the probabilities is different from claimed. 

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

There is [ ENOUGH | NOT ENOUGH ] evidence to conclude that the observed 
frequencies do not match the claimed distribution, therefore it [ IS | IS NOT ] 
a good fit and the die __________ fair. 

Random Samples?   ☐
Observed freq. for each category? ☐
𝐸𝐸 ≥ 5 for each category?  ☐

Roll 1 2 3 4 5 6 
Frequency 13 12 1 11 14 9 

 

Random  
Samples?

𝑋𝑋 is Normal 
OR 𝑛𝑛 > 30  

☐

☐

Because 𝑃𝑃-value … 

 

𝒛𝒛 

𝐻𝐻0: 𝜇𝜇 = # 

𝐻𝐻𝑎𝑎: 𝜇𝜇 </>/≠  # 

𝑧𝑧 = �̅�𝑥 − 𝜇𝜇
𝜎𝜎/√𝑛𝑛
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𝑂𝑂 = observed freq. 
𝐸𝐸 = expected freq. 
𝑛𝑛 = total sample size 
𝑘𝑘 = # of categories 𝑛𝑛 = ____  𝑘𝑘 = ____ 𝐸𝐸 = ____ 

𝜒𝜒2 = ෍
ሺ𝑂𝑂 − 𝐸𝐸ሻ2

𝐸𝐸  

If claimed prob’s same: 

𝐸𝐸 = 𝑛𝑛
𝑘𝑘 

𝜒𝜒2 =
ሺ    −   ሻ2

 +
ሺ    −10ሻ2

10 +
ሺ    −10ሻ2

10 +
ሺ    −10ሻ2

10 +
ሺ    −10ሻ2

10 +
ሺ    −10ሻ2

10  

=      
10 +

     
10 +

     
10 +

     
10 +

     
10 +

     
10 

𝑑𝑑𝑓𝑓 = 𝑘𝑘 − 1 

𝑑𝑑𝑓𝑓 = ___ 

Recall

EXAMPLE 

Using the following data of the heights of students at a local 
high school, you find 𝝌𝝌𝟐𝟐 = 3.32. Test if height & grade are 
independent using 𝛼𝛼 = 0.05. 

 
TOPIC: CHI-SQUARE INDEPENDENCE TEST 
Independence Test 

◆ Recall: Two variables are Independent if neither one affects the other. 

▪ An Independence Test is a G.O.F. Test where “claimed” dist. = 𝐸𝐸’s of the ___ variables (assumed independent). 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Goodness of Fit Test Independence Test Recall New 

BIZ REG 

𝑃𝑃-value = Area "beyond" 𝜒𝜒2 

𝑃𝑃-value = _______ 

𝐻𝐻0: Variables are __________. 
 
𝐻𝐻𝑎𝑎: Variables are __________. 

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

There is [ ENOUGH | NOT ENOUGH ] evidence that the variables are dependent. 

Random Samples?   ☐
Observed freq. for each category? ☐
𝐸𝐸 ≥ 5 for each category?  ☐

𝑑𝑑𝑑𝑑 = ___ 
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𝜒𝜒2 = ∑
(𝑂𝑂 − 𝐸𝐸)2

𝐸𝐸  
𝐸𝐸 = 𝑛𝑛

𝑘𝑘 

𝐸𝐸 = 𝑛𝑛𝑛𝑛 

(claimed prob’s SAME) 

(claimed prob’s DIFF) 

𝐻𝐻0: Obs. freq’s match claimed dist. 
 
𝐻𝐻𝑎𝑎: Obs. freq’s DO NOT match claimed dist. 

𝐸𝐸 = 𝑟𝑟𝑟𝑟𝑟𝑟 𝑡𝑡𝑟𝑟𝑡𝑡𝑡𝑡𝑡𝑡 ⋅ 𝑐𝑐𝑟𝑟𝑡𝑡 𝑡𝑡𝑟𝑟𝑡𝑡𝑡𝑡𝑡𝑡
𝐺𝐺𝑟𝑟𝑡𝑡𝑛𝑛𝑑𝑑 𝑇𝑇𝑟𝑟𝑡𝑡𝑡𝑡𝑡𝑡  

𝝌𝝌𝟐𝟐 

𝑑𝑑𝑑𝑑 = (𝑟𝑟 − 1)(𝑐𝑐 − 1) 𝑑𝑑𝑑𝑑 = 𝑘𝑘 − 1 

𝑟𝑟 = # of rows 
𝑐𝑐 = # of columns 

 5’1-5’6 5’7-6’0 6’1-6’6 

9th 𝑂𝑂 = 40 
𝐸𝐸 = 34.43 

𝑂𝑂 = 27 
𝐸𝐸 = 29.17 

𝑂𝑂 = 10 
𝐸𝐸 = 12.91 

10th 𝑂𝑂 = 32 
𝐸𝐸 = 37.12 

𝑂𝑂 = 34 
𝐸𝐸 = 31.45 

𝑂𝑂 = 17 
𝐸𝐸 = 13.92 

 

𝝌𝝌𝟐𝟐 = 3.32 

EXAMPLE 

According to Benford’s Law, the 1st digits of large numbers in real-world data sets follow the probability distribution in 
the table. Also listed in the table are the 1st-digit frequencies of the populations of 100 random cities across Europe. 
Find the test statistic that would be used to test if these digits follow Benford’s Law. 
 

TOPIC: CHI-SQUARE GOODNESS OF FIT TEST 
Goodness of Fit Test: Unequal Probabilities 

◆ If claimed probabilities AREN'T equal, find expected freq's using given probabilities instead of # of categories. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

𝐸𝐸 = 𝑛𝑛𝑛𝑛 
New 1st Digit 1 2 3 4 5 6 7 8 9 

Frequency (𝑶𝑶) 18 14 11 13 12 9 5 8 10 
Benford’s Law 

Prob’s (𝒑𝒑) .301 .176 .125 .097 .079 .067 .058 .051 .046 

Exp. Freq. (𝑬𝑬)          

(𝑶𝑶 − 𝑬𝑬)𝟐𝟐
𝑬𝑬  

         

 

𝜒𝜒2 =෍
(𝑂𝑂−𝐸𝐸)2

𝐸𝐸  

Recall 

𝜒𝜒2 = _____ 

𝑛𝑛 = ____ 

EXAMPLE 

Using the following data of the heights of students at a local 
high school, you find 𝝌𝝌𝟐𝟐 = 3.32. Test if height & grade are 
independent using 𝛼𝛼 = 0.05. 

 
TOPIC: CHI-SQUARE INDEPENDENCE TEST 
Independence Test 

◆ Recall: Two variables are Independent if neither one affects the other. 

▪ An Independence Test is a G.O.F. Test where “claimed” dist. = 𝐸𝐸’s of the ___ variables (assumed independent). 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Goodness of Fit Test Independence Test Recall New 

BIZ REG 

𝑃𝑃-value = Area "beyond" 𝜒𝜒2 

𝑃𝑃-value = _______ 

𝐻𝐻0: Variables are __________. 
 
𝐻𝐻𝑎𝑎: Variables are __________. 

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

There is [ ENOUGH | NOT ENOUGH ] evidence that the variables are dependent. 

Random Samples?   ☐
Observed freq. for each category? ☐
𝐸𝐸 ≥ 5 for each category?  ☐

𝑑𝑑𝑑𝑑 = ___ 
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𝜒𝜒2 = ∑
(𝑂𝑂 − 𝐸𝐸)2

𝐸𝐸  
𝐸𝐸 = 𝑛𝑛

𝑘𝑘 

𝐸𝐸 = 𝑛𝑛𝑛𝑛 

(claimed prob’s SAME) 

(claimed prob’s DIFF) 

𝐻𝐻0: Obs. freq’s match claimed dist. 
 
𝐻𝐻𝑎𝑎: Obs. freq’s DO NOT match claimed dist. 

𝐸𝐸 = 𝑟𝑟𝑟𝑟𝑟𝑟 𝑡𝑡𝑟𝑟𝑡𝑡𝑡𝑡𝑡𝑡 ⋅ 𝑐𝑐𝑟𝑟𝑡𝑡 𝑡𝑡𝑟𝑟𝑡𝑡𝑡𝑡𝑡𝑡
𝐺𝐺𝑟𝑟𝑡𝑡𝑛𝑛𝑑𝑑 𝑇𝑇𝑟𝑟𝑡𝑡𝑡𝑡𝑡𝑡  

𝝌𝝌𝟐𝟐 

𝑑𝑑𝑑𝑑 = (𝑟𝑟 − 1)(𝑐𝑐 − 1) 𝑑𝑑𝑑𝑑 = 𝑘𝑘 − 1 

𝑟𝑟 = # of rows 
𝑐𝑐 = # of columns 

 5’1-5’6 5’7-6’0 6’1-6’6 

9th 𝑂𝑂 = 40 
𝐸𝐸 = 34.43 

𝑂𝑂 = 27 
𝐸𝐸 = 29.17 

𝑂𝑂 = 10 
𝐸𝐸 = 12.91 

10th 𝑂𝑂 = 32 
𝐸𝐸 = 37.12 

𝑂𝑂 = 34 
𝐸𝐸 = 31.45 

𝑂𝑂 = 17 
𝐸𝐸 = 13.92 

 

𝝌𝝌𝟐𝟐 = 3.32 

TOPIC: CHI-SQUARE INDEPENDENCE TEST 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

EXAMPLE 
The table below shows the results from a drug trial for a new ADHD medication. Using  𝛼𝛼 = 0.01, test if symptom 
improvement is independent of whether a participant received the placebo. 

𝐻𝐻0:  

𝐻𝐻𝑎𝑎:  

Because 𝑃𝑃-value [ < | > ] 𝛼𝛼, we [ REJECT | FAIL TO REJECT ] 𝐻𝐻0. There is [ ENOUGH | NOT ENOUGH ] evidence… 

Random Samples?   ☐
Observed freq. for each category? ☐
𝐸𝐸 ≥ 5 for each category?  ☐

𝜒𝜒2 = 

𝑟𝑟 = #𝑟𝑟𝑜𝑜𝑜𝑜𝑜𝑜 = ___ 𝑐𝑐 = #𝑐𝑐𝑜𝑜𝑜𝑜′𝑜𝑜 = ___ 𝑑𝑑𝑓𝑓 = __________ = ____ 
𝑃𝑃-value = _______ 

𝐸𝐸 = 𝑟𝑟𝑜𝑜𝑜𝑜 𝑡𝑡𝑜𝑜𝑡𝑡𝑡𝑡𝑜𝑜 ⋅ 𝑐𝑐𝑜𝑜𝑜𝑜 𝑡𝑡𝑜𝑜𝑡𝑡𝑡𝑡𝑜𝑜
𝑇𝑇𝑜𝑜𝑡𝑡𝑡𝑡𝑜𝑜  

𝜒𝜒2 = ∑
(𝑂𝑂 − 𝐸𝐸)2

𝐸𝐸  

𝑑𝑑𝑓𝑓 = (𝑟𝑟 − 1)(𝑐𝑐 − 1) 

Recall 

(Independence Test) 

 Group 
Placebo Non-Placebo Total 

Sy
m

pt
om

s Improved 18 37 55 

Not Improved 30 15 45 

Total 48 52 100 
    

(Homogeneity Test)

TOPIC: CHI-SQUARE INDEPENDENCE TEST 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

EXAMPLE 
The table below shows the results from a drug trial for a new ADHD medication. Using  𝛼𝛼 = 0.01, test if symptom 
improvement is independent of whether a participant received the placebo. 

𝐻𝐻0:  

𝐻𝐻𝑎𝑎:  

Because 𝑃𝑃-value [ < | > ] 𝛼𝛼, we [ REJECT | FAIL TO REJECT ] 𝐻𝐻0. There is [ ENOUGH | NOT ENOUGH ] evidence… 

Random Samples?   ☐
Observed freq. for each category? ☐
𝐸𝐸 ≥ 5 for each category?  ☐

𝜒𝜒2 = 

𝑟𝑟 = #𝑟𝑟𝑜𝑜𝑜𝑜𝑜𝑜 = ___ 𝑐𝑐 = #𝑐𝑐𝑜𝑜𝑜𝑜′𝑜𝑜 = ___ 𝑑𝑑𝑓𝑓 = __________ = ____ 
𝑃𝑃-value = _______ 

𝐸𝐸 = 𝑟𝑟𝑜𝑜𝑜𝑜 𝑡𝑡𝑜𝑜𝑡𝑡𝑡𝑡𝑜𝑜 ⋅ 𝑐𝑐𝑜𝑜𝑜𝑜 𝑡𝑡𝑜𝑜𝑡𝑡𝑡𝑡𝑜𝑜
𝑇𝑇𝑜𝑜𝑡𝑡𝑡𝑡𝑜𝑜  

𝜒𝜒2 = ∑
(𝑂𝑂 − 𝐸𝐸)2

𝐸𝐸  

𝑑𝑑𝑓𝑓 = (𝑟𝑟 − 1)(𝑐𝑐 − 1) 

Recall 

(Independence Test) 

 Group 
Placebo Non-Placebo Total 

Sy
m

pt
om

s Improved 18 37 55 

Not Improved 30 15 45 

Total 48 52 100 
    

TOPIC: CHI-SQUARE INDEPENDENCE TEST 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

EXAMPLE 
The table below shows the results from a drug trial for a new ADHD medication. Using  𝛼𝛼 = 0.01, test if symptom 
improvement is independent of whether a participant received the placebo. 

𝐻𝐻0:  

𝐻𝐻𝑎𝑎:  

Because 𝑃𝑃-value [ < | > ] 𝛼𝛼, we [ REJECT | FAIL TO REJECT ] 𝐻𝐻0. There is [ ENOUGH | NOT ENOUGH ] evidence… 

Random Samples?   ☐
Observed freq. for each category? ☐
𝐸𝐸 ≥ 5 for each category?  ☐

𝜒𝜒2 = 

𝑟𝑟 = #𝑟𝑟𝑜𝑜𝑜𝑜𝑜𝑜 = ___ 𝑐𝑐 = #𝑐𝑐𝑜𝑜𝑜𝑜′𝑜𝑜 = ___ 𝑑𝑑𝑓𝑓 = __________ = ____ 
𝑃𝑃-value = _______ 

𝐸𝐸 = 𝑟𝑟𝑜𝑜𝑜𝑜 𝑡𝑡𝑜𝑜𝑡𝑡𝑡𝑡𝑜𝑜 ⋅ 𝑐𝑐𝑜𝑜𝑜𝑜 𝑡𝑡𝑜𝑜𝑡𝑡𝑡𝑡𝑜𝑜
𝑇𝑇𝑜𝑜𝑡𝑡𝑡𝑡𝑜𝑜  

𝜒𝜒2 = ∑
(𝑂𝑂 − 𝐸𝐸)2

𝐸𝐸  

𝑑𝑑𝑓𝑓 = (𝑟𝑟 − 1)(𝑐𝑐 − 1) 

Recall 

(Independence Test) 

 Group 
Placebo Non-Placebo Total 

Sy
m

pt
om

s Improved 18 37 55 

Not Improved 30 15 45 

Total 48 52 100 
    

Hypoth. Tests Goodness of Fit Tests Recall New 

EXAMPLE 

You roll a 6-sided die 60 times and list the observed frequencies in 
the table. Determine if this die is fair by testing the goodness of fit 
of the die rolls with a uniform distribution. Use 𝛼𝛼 = 0.05 
 

 
Goodness of Fit Test 

◆ Use a Goodness of Fit test to determine if __________ frequencies match “claimed” frequencies in a distribution. 

▪ Instead of testing just one parameter, you’ll test the frequencies for ________ categories. 

 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

𝝌𝝌𝟐𝟐 

𝑃𝑃-value = Area "beyond" 𝜒𝜒2 

𝑃𝑃-value = _______ 

𝐻𝐻0: observed frequencies match claimed distribution 

𝐻𝐻𝑎𝑎: observed frequencies DO NOT match claimed distribution, i.e  
      at least ______ of the probabilities is different from claimed. 

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

There is [ ENOUGH | NOT ENOUGH ] evidence to conclude that the observed 
frequencies do not match the claimed distribution, therefore it [ IS | IS NOT ] 
a good fit and the die __________ fair. 

Random Samples?   ☐
Observed freq. for each category? ☐
𝐸𝐸 ≥ 5 for each category?  ☐

Roll 1 2 3 4 5 6 
Frequency 13 12 1 11 14 9 

 

Random  
Samples?

𝑋𝑋 is Normal 
OR 𝑛𝑛 > 30  

☐

☐

Because 𝑃𝑃-value … 

 

𝒛𝒛 

𝐻𝐻0: 𝜇𝜇 = # 

𝐻𝐻𝑎𝑎: 𝜇𝜇 </>/≠  # 

𝑧𝑧 = �̅�𝑥 − 𝜇𝜇
𝜎𝜎/√𝑛𝑛
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BIZ REG 

𝑂𝑂 = observed freq. 
𝐸𝐸 = expected freq. 
𝑛𝑛 = total sample size 
𝑘𝑘 = # of categories 𝑛𝑛 = ____  𝑘𝑘 = ____ 𝐸𝐸 = ____ 

𝜒𝜒2 = ෍
ሺ𝑂𝑂 − 𝐸𝐸ሻ2

𝐸𝐸  

If claimed prob’s same: 

𝐸𝐸 = 𝑛𝑛
𝑘𝑘 

𝜒𝜒2 =
ሺ    −   ሻ2

 +
ሺ    −10ሻ2

10 +
ሺ    −10ሻ2

10 +
ሺ    −10ሻ2

10 +
ሺ    −10ሻ2

10 +
ሺ    −10ሻ2

10  

=      
10 +

     
10 +

     
10 +

     
10 +

     
10 +

     
10 

𝑑𝑑𝑓𝑓 = 𝑘𝑘 − 1 

𝑑𝑑𝑓𝑓 = ___ 

-value = ______

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

Hypoth. Tests Goodness of Fit Tests Recall New 

EXAMPLE 

You roll a 6-sided die 60 times and list the observed frequencies in 
the table. Determine if this die is fair by testing the goodness of fit 
of the die rolls with a uniform distribution. Use 𝛼𝛼 = 0.05 
 

 
Goodness of Fit Test 

◆ Use a Goodness of Fit test to determine if __________ frequencies match “claimed” frequencies in a distribution. 

▪ Instead of testing just one parameter, you’ll test the frequencies for ________ categories. 

 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

𝝌𝝌𝟐𝟐 

𝑃𝑃-value = Area "beyond" 𝜒𝜒2 

𝑃𝑃-value = _______ 

𝐻𝐻0: observed frequencies match claimed distribution 

𝐻𝐻𝑎𝑎: observed frequencies DO NOT match claimed distribution, i.e  
      at least ______ of the probabilities is different from claimed. 

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

There is [ ENOUGH | NOT ENOUGH ] evidence to conclude that the observed 
frequencies do not match the claimed distribution, therefore it [ IS | IS NOT ] 
a good fit and the die __________ fair. 

Random Samples?   ☐
Observed freq. for each category? ☐
𝐸𝐸 ≥ 5 for each category?  ☐

Roll 1 2 3 4 5 6 
Frequency 13 12 1 11 14 9 

 

Random  
Samples?

𝑋𝑋 is Normal 
OR 𝑛𝑛 > 30  

☐

☐

Because 𝑃𝑃-value … 

 

𝒛𝒛 

𝐻𝐻0: 𝜇𝜇 = # 

𝐻𝐻𝑎𝑎: 𝜇𝜇 </>/≠  # 

𝑧𝑧 = �̅�𝑥 − 𝜇𝜇
𝜎𝜎/√𝑛𝑛
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BIZ REG 

𝑂𝑂 = observed freq. 
𝐸𝐸 = expected freq. 
𝑛𝑛 = total sample size 
𝑘𝑘 = # of categories 𝑛𝑛 = ____  𝑘𝑘 = ____ 𝐸𝐸 = ____ 

𝜒𝜒2 = ෍
ሺ𝑂𝑂 − 𝐸𝐸ሻ2

𝐸𝐸  

If claimed prob’s same: 

𝐸𝐸 = 𝑛𝑛
𝑘𝑘 

𝜒𝜒2 =
ሺ    −   ሻ2

 +
ሺ    −10ሻ2

10 +
ሺ    −10ሻ2

10 +
ሺ    −10ሻ2

10 +
ሺ    −10ሻ2

10 +
ሺ    −10ሻ2

10  

=      
10 +

     
10 +

     
10 +

     
10 +

     
10 +

     
10 

𝑑𝑑𝑓𝑓 = 𝑘𝑘 − 1 

𝑑𝑑𝑓𝑓 = ___ 

EXAMPLE   
The graph below shows weekly study times (in hours) from a random, independent sample of 𝑁𝑁 = 100 10th-12th 
graders. Test the claim that students across these grades study on average for the same amount of time, using 𝛼𝛼 =
0.05, 𝐹𝐹 = 2.14,  Assume the population distributions are normal with approximately the same variances. 

TOPIC: ONE-WAY ANOVA 
One-Way ANOVA Test  

◆ Recall: ANOVA compares 3+ means by analyzing variance between & within groups (aka samples, treatments, levels). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

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

𝐻𝐻0. There is [ ENOUGH | NOT ENOUGH ] evidence to suggest 

that at least one mean is significantly different. 

 

Analysis Of Variance New 

Grade 

St
ud

y 
Ti

m
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10 11 12 

8 

6 

4 

2 

4) 

1)  

2) 

3) 
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𝐻𝐻0: All means are the same; 𝜇𝜇1 = 𝜇𝜇2 = ⋯ = 𝜇𝜇𝑘𝑘  

𝐻𝐻𝑎𝑎: At least ___ mean is _____________ from the others. 

Random Samples?  ☐
Independent Samples?  ☐

𝑑𝑑𝑓𝑓𝑛𝑛𝑛𝑛𝑛𝑛 = _______ 

𝑑𝑑𝑓𝑓𝑑𝑑𝑑𝑑𝑛𝑛𝑑𝑑𝑛𝑛 = _______ 

𝑃𝑃-value = _______ 

𝐹𝐹-stat = _______ 

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

𝐹𝐹 = 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 𝑏𝑏𝑣𝑣𝑏𝑏𝑏𝑏𝑣𝑣𝑣𝑣𝑣𝑣 𝑔𝑔𝑣𝑣𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔
𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 𝑏𝑏𝑣𝑣𝑏𝑏ℎ𝑣𝑣𝑣𝑣 𝑔𝑔𝑣𝑣𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔

𝑭𝑭 

Area "beyond" 
𝐹𝐹-stat. 

𝑑𝑑𝑓𝑓𝑛𝑛𝑛𝑛𝑛𝑛 = 𝑘𝑘 − 1 
𝑑𝑑𝑓𝑓𝑑𝑑𝑑𝑑𝑛𝑛𝑑𝑑𝑛𝑛 = 𝑁𝑁 − 𝑘𝑘 

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

Hypoth. Tests Goodness of Fit Tests Recall New 

EXAMPLE 

You roll a 6-sided die 60 times and list the observed frequencies in 
the table. Determine if this die is fair by testing the goodness of fit 
of the die rolls with a uniform distribution. Use 𝛼𝛼 = 0.05 
 

 
Goodness of Fit Test 

◆ Use a Goodness of Fit test to determine if __________ frequencies match “claimed” frequencies in a distribution. 

▪ Instead of testing just one parameter, you’ll test the frequencies for ________ categories. 

 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

𝝌𝝌𝟐𝟐 

𝑃𝑃-value = Area "beyond" 𝜒𝜒2 

𝑃𝑃-value = _______ 

𝐻𝐻0: observed frequencies match claimed distribution 

𝐻𝐻𝑎𝑎: observed frequencies DO NOT match claimed distribution, i.e  
      at least ______ of the probabilities is different from claimed. 

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

There is [ ENOUGH | NOT ENOUGH ] evidence to conclude that the observed 
frequencies do not match the claimed distribution, therefore it [ IS | IS NOT ] 
a good fit and the die __________ fair. 

Random Samples?   ☐
Observed freq. for each category? ☐
𝐸𝐸 ≥ 5 for each category?  ☐

Roll 1 2 3 4 5 6 
Frequency 13 12 1 11 14 9 

 

Random  
Samples?

𝑋𝑋 is Normal 
OR 𝑛𝑛 > 30  

☐

☐

Because 𝑃𝑃-value … 

 

𝒛𝒛 

𝐻𝐻0: 𝜇𝜇 = # 

𝐻𝐻𝑎𝑎: 𝜇𝜇 </>/≠  # 

𝑧𝑧 = �̅�𝑥 − 𝜇𝜇
𝜎𝜎/√𝑛𝑛
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BIZ REG 

𝑂𝑂 = observed freq. 
𝐸𝐸 = expected freq. 
𝑛𝑛 = total sample size 
𝑘𝑘 = # of categories 𝑛𝑛 = ____  𝑘𝑘 = ____ 𝐸𝐸 = ____ 

𝜒𝜒2 = ෍
ሺ𝑂𝑂 − 𝐸𝐸ሻ2

𝐸𝐸  

If claimed prob’s same: 

𝐸𝐸 = 𝑛𝑛
𝑘𝑘 

𝜒𝜒2 =
ሺ    −   ሻ2

 +
ሺ    −10ሻ2

10 +
ሺ    −10ሻ2

10 +
ሺ    −10ሻ2

10 +
ሺ    −10ሻ2

10 +
ሺ    −10ሻ2

10  

=      
10 +

     
10 +

     
10 +

     
10 +

     
10 +

     
10 

𝑑𝑑𝑓𝑓 = 𝑘𝑘 − 1 

𝑑𝑑𝑓𝑓 = ___ 

There is [ ENOUGH | NOT ENOUGH ] evidence that there is a difference in proportion of symptom improvement 
between the placebo group and the group that received the new drug. 


