
TOPIC: TWO MEANS - KNOWN VARIANCES
Performing Hypothesis Tests on Means with Known Variances

◆ If you are given the population variances, you can use a ____-test for 2 means.

A grocery chain wants to see if self-checkout lanes have a shorter checkout time than cashier lanes, so they take a 

random, independent sample of 35 times from each & find                for self-checkout &                for cashier lanes. 

Prior data suggests                &               . Test the claim that self-checkout times are shorter with               .

EXAMPLE
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EXAMPLE 
A tech company says 90% of its devices pass inspection. A quality inspector thinks it's less, so they test 200 devices, 
172 of which passed. At the 0.01 significance level, is there evidence the pass rate is below 90%? 

HYPOTHESIS TESTS FOR PROPORTION 
Performing a Hypothesis Test for Population Proportion 

◆ Recall: To run a hypothesis test 1) write Hypotheses, 2) calc. Test Statistic, 3) find 𝑃𝑃-Value, & 4) write Conclusion 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Hypothesis Tests for Proportion New 

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

Random Samples?    ☐ 

𝑛𝑛𝑛𝑛 ≥ 5  ☐ 

𝑛𝑛𝑛𝑛 ≥ 5  ☐ 

𝐻𝐻0: 𝑝𝑝 = _______  𝐻𝐻𝑎𝑎: 𝑝𝑝 [ < | > | ≠≠  ]]   ________ 

𝑧𝑧 = 𝑝̂𝑝 − 𝑝𝑝
√𝑝𝑝(1 − 𝑝𝑝) 𝑛𝑛⁄

 
𝑛𝑛 = _____    𝑥𝑥 = _____    𝑝̂𝑝 = 𝑥𝑥

𝑛𝑛 = _____ 

𝑧𝑧 = 

𝑃𝑃-Value = ______ 

Area "beyond" 𝒛𝒛 

If 𝐻𝐻𝑎𝑎: 𝜇𝜇 < If 𝐻𝐻𝑎𝑎: 𝜇𝜇 < If 𝐻𝐻𝑎𝑎: 𝜇𝜇 ≠ 
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𝒛𝒛 −𝒛𝒛 𝒛𝒛 𝒛𝒛 

𝑞𝑞 = 1 − 𝑝𝑝 
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EXAMPLE 
A school claims a new math app will improve test scores. They have 2 independent, random samples of 50 students, 
one using the traditional method (𝑥𝑥1ഥ  = 77, 𝑠𝑠1 = 4.8) and the other using the new app (𝑥𝑥2തതത = 82, 𝑠𝑠2 = 4.4). The school 
assumes the population variances are equal. Test the claim that the app improves test scores with 𝛼𝛼 = 0.05. 

Hypothesis Tests for 2 Means:  𝝈𝝈𝟏𝟏 = 𝝈𝝈𝟐𝟐 New 

TOPIC:  TWO MEANS – UNKNOWN, EQUAL VARIANCES 
Performing Hypothesis Tests on Means with Unknown, Equal Variances 

◆ If you can assume two populations have the ______ variance, run a t-test using the _________ standard dev., 𝑠𝑠𝑝𝑝. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Because 𝑃𝑃-value =_______ [ < | > ] 𝛼𝛼 =_______, we [ REJECT 

| FAIL TO REJECT ] 𝐻𝐻0, there is [ ENOUGH | NOT ENOUGH ] 

evidence to suggest… 

𝐻𝐻0: 𝜇𝜇1 = 𝜇𝜇2 𝐻𝐻𝑎𝑎: 𝜇𝜇1 [ < | > | ≠≠  ]]  𝜇𝜇2 
 

𝑥𝑥1ഥ = ______ 𝑠𝑠1 = ______ 𝑛𝑛1 = ______  

𝑥𝑥2തതത = ______ 𝑠𝑠2 = ______ 𝑛𝑛2 = ______  

 

Area "beyond" 𝑡𝑡 𝑑𝑑𝑑𝑑 = 𝑛𝑛1 − 1 + 𝑛𝑛2 − 1 = ______ 

𝑃𝑃-Value = ______ 

BIZ REG 

𝒕𝒕 

Independent,                        𝑋𝑋 is Normal OR 
Random Samples?                𝑛𝑛1 > 30 & 𝑛𝑛2 > 30 
        
  

☐ ☐

𝑡𝑡 =
(𝑥̅𝑥1 − 𝑥̅𝑥2) − (𝜇𝜇1 − 𝜇𝜇2)

√𝑠𝑠𝑝𝑝2

𝑛𝑛1
+ 𝑠𝑠𝑝𝑝2

𝑛𝑛2

 𝑠𝑠𝑝𝑝
2 =

(𝑛𝑛1 − 1)𝑠𝑠1
2 + (𝑛𝑛2 − 1)𝑠𝑠2

2

(𝑛𝑛1 − 1) + (𝑛𝑛2 − 1)  
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1)   ,       TESTS  

    4: 2-SampTTest 

2) DATA STATS  
𝒙𝒙ഥ1:       𝒙𝒙ഥ2: 
Sx1:      Sx2: 
n1:       n2: 

µ1: ≠µ2 <µ2 >µ2 
Pooled: No Yes 
Calculate Draw 
  

HOW TO: Do Hyp.         
Test 2 Means, 𝝈𝝈𝟏𝟏= 𝝈𝝈𝟐𝟐  

 

EXAMPLE 
A school claims a new math app will improve test scores. They have 2 independent, random samples of 50 students, 
one using the traditional method (𝑥𝑥1ഥ  = 77, 𝑠𝑠1 = 4.8) and the other using the new app (𝑥𝑥2തതത = 82, 𝑠𝑠2 = 4.4). The school 
assumes the population variances are equal. Test the claim that the app improves test scores with 𝛼𝛼 = 0.05. 

Hypothesis Tests for 2 Means:  𝝈𝝈𝟏𝟏 = 𝝈𝝈𝟐𝟐 New 

TOPIC:  TWO MEANS – UNKNOWN, EQUAL VARIANCES 
Performing Hypothesis Tests on Means with Unknown, Equal Variances 

◆ If you can assume two populations have the ______ variance, run a t-test using the _________ standard dev., 𝑠𝑠𝑝𝑝. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Because 𝑃𝑃-value =_______ [ < | > ] 𝛼𝛼 =_______, we [ REJECT 

| FAIL TO REJECT ] 𝐻𝐻0, there is [ ENOUGH | NOT ENOUGH ] 

evidence to suggest… 

𝐻𝐻0: 𝜇𝜇1 = 𝜇𝜇2 𝐻𝐻𝑎𝑎: 𝜇𝜇1 [ < | > | ≠≠  ]]  𝜇𝜇2 
 

𝑥𝑥1ഥ = ______ 𝑠𝑠1 = ______ 𝑛𝑛1 = ______  

𝑥𝑥2തതത = ______ 𝑠𝑠2 = ______ 𝑛𝑛2 = ______  

 

Area "beyond" 𝑡𝑡 𝑑𝑑𝑑𝑑 = 𝑛𝑛1 − 1 + 𝑛𝑛2 − 1 = ______ 

𝑃𝑃-Value = ______ 

BIZ REG 

𝒕𝒕 

Independent,                        𝑋𝑋 is Normal OR 
Random Samples?                𝑛𝑛1 > 30 & 𝑛𝑛2 > 30 
        
  

☐ ☐

𝑡𝑡 =
(𝑥̅𝑥1 − 𝑥̅𝑥2) − (𝜇𝜇1 − 𝜇𝜇2)

√𝑠𝑠𝑝𝑝2

𝑛𝑛1
+ 𝑠𝑠𝑝𝑝2

𝑛𝑛2

 𝑠𝑠𝑝𝑝
2 =

(𝑛𝑛1 − 1)𝑠𝑠1
2 + (𝑛𝑛2 − 1)𝑠𝑠2

2

(𝑛𝑛1 − 1) + (𝑛𝑛2 − 1)  
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1)   ,       TESTS  

    4: 2-SampTTest 

2) DATA STATS  
𝒙𝒙ഥ1:       𝒙𝒙ഥ2: 
Sx1:      Sx2: 
n1:       n2: 

µ1: ≠µ2 <µ2 >µ2 
Pooled: No Yes 
Calculate Draw 
  

HOW TO: Do Hyp.         
Test 2 Means, 𝝈𝝈𝟏𝟏= 𝝈𝝈𝟐𝟐  

 

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

      , there is [ ENOUGH | NOT ENOUGH ] evidence to suggest…

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 = 𝑥̅𝑥 − 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 

𝑑𝑑𝑑𝑑 = ___ 

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 = _______ 

𝑑𝑑𝑓𝑓𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 = _______ 

𝑃𝑃-value = _______ 

𝐹𝐹-stat = _______ 

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

𝐹𝐹 = 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔
𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 𝑤𝑤𝑤𝑤𝑤𝑤ℎ𝑖𝑖𝑖𝑖 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔

𝑭𝑭 

Area "beyond" 
𝐹𝐹-stat. 

𝑑𝑑𝑓𝑓𝑛𝑛𝑛𝑛𝑛𝑛 = 𝑘𝑘 − 1 
𝑑𝑑𝑓𝑓𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 = 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 = 𝑥̅𝑥 − 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 

𝑑𝑑𝑑𝑑 = ___ 

Independent,

Random Samples?

EXAMPLE 

A lighting company advertises their LED bulbs to last on average 25,000 hr. Past data shows the bulbs’ lifespans 
have a normal dist. with 𝜎𝜎 = 1,200 hr. A separate agency suspects the lifespan is actually lower. From a random 
sample of 36 bulbs, they find 𝑥𝑥ҧ = 24,600 hr. Use 𝛼𝛼 = 0.10 to test the claim that the true mean lifespan is 25,000 hr. 

TOPIC: HYPOTHESIS TESTS FOR MEAN 
Standard Deviation (σ) Known  

◆ Recall: To run a hypothesis test, 1) Write Hypotheses, 2) Calc. Test Statistic, 3) Find 𝑃𝑃-Value, 4) State Conclusion 

▪ In Step 2, when 𝜎𝜎 is known, we use the ____ test statistic. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Hypothesis Tests for Mean (𝝈𝝈 Known) New 

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

Random Samples?     ☐ 

𝑋𝑋 is Normal OR 𝑛𝑛 > 30 ☐ 

𝐻𝐻0: 𝜇𝜇 = _______  𝐻𝐻𝑎𝑎: 𝜇𝜇 [ < | > | ≠≠  ]]   ________ 

𝑧𝑧 = 𝑥𝑥ҧ − 𝜇𝜇
𝜎𝜎/√𝑛𝑛

 

𝑥𝑥ҧ = _____   𝜎𝜎 = _____   𝑛𝑛 = _____ 

𝑧𝑧 = 

𝑃𝑃-Value = ______ 
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BIZ REG 

Area "beyond" 𝒛𝒛 

If 𝐻𝐻𝑎𝑎: 𝜇𝜇 < If 𝐻𝐻𝑎𝑎: 𝜇𝜇 > If 𝐻𝐻𝑎𝑎: 𝜇𝜇 ≠ 

𝒛𝒛 𝒛𝒛 −𝒛𝒛 𝒛𝒛 

𝝈𝝈 Known 

𝑡𝑡 = 𝑥𝑥ҧ − 𝜇𝜇
𝑠𝑠/√𝑛𝑛

 

𝝈𝝈 Unknown 

    is Normal OR

              &

EXAMPLE 
A school claims a new math app will improve test scores. They have 2 independent, random samples of 50 students, 
one using the traditional method (𝑥𝑥1ഥ  = 77, 𝑠𝑠1 = 4.8) and the other using the new app (𝑥𝑥2തതത = 82, 𝑠𝑠2 = 4.4). The school 
assumes the population variances are equal. Test the claim that the app improves test scores with 𝛼𝛼 = 0.05. 

Hypothesis Tests for 2 Means:  𝝈𝝈𝟏𝟏 = 𝝈𝝈𝟐𝟐 New 

TOPIC:  TWO MEANS – UNKNOWN, EQUAL VARIANCES 
Performing Hypothesis Tests on Means with Unknown, Equal Variances 

◆ If you can assume two populations have the ______ variance, run a t-test using the _________ standard dev., 𝑠𝑠𝑝𝑝. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Because 𝑃𝑃-value =_______ [ < | > ] 𝛼𝛼 =_______, we [ REJECT 

| FAIL TO REJECT ] 𝐻𝐻0, there is [ ENOUGH | NOT ENOUGH ] 

evidence to suggest… 

𝐻𝐻0: 𝜇𝜇1 = 𝜇𝜇2 𝐻𝐻𝑎𝑎: 𝜇𝜇1 [ < | > | ≠≠  ]]  𝜇𝜇2 
 

𝑥𝑥1ഥ = ______ 𝑠𝑠1 = ______ 𝑛𝑛1 = ______  

𝑥𝑥2തതത = ______ 𝑠𝑠2 = ______ 𝑛𝑛2 = ______  

 

Area "beyond" 𝑡𝑡 𝑑𝑑𝑑𝑑 = 𝑛𝑛1 − 1 + 𝑛𝑛2 − 1 = ______ 

𝑃𝑃-Value = ______ 

BIZ REG 

𝒕𝒕 

Independent,                        𝑋𝑋 is Normal OR 
Random Samples?                𝑛𝑛1 > 30 & 𝑛𝑛2 > 30 
        
  

☐ ☐

𝑡𝑡 =
(𝑥̅𝑥1 − 𝑥̅𝑥2) − (𝜇𝜇1 − 𝜇𝜇2)

√𝑠𝑠𝑝𝑝2

𝑛𝑛1
+ 𝑠𝑠𝑝𝑝2

𝑛𝑛2

 𝑠𝑠𝑝𝑝
2 =
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  𝒙𝒙ഥ2:       n2: 
µ1: ≠µ2 <µ2 >µ2 
Calculate Draw 
  

HOW TO: Do Hyp. Test  
2 Means, 𝝈𝝈s Known 

 

𝑧𝑧 =
(𝑥̅𝑥1 − 𝑥̅𝑥2) − (𝜇𝜇1 − 𝜇𝜇2)

√𝜎𝜎12

𝑛𝑛1
+ 𝜎𝜎22

𝑛𝑛2

 𝑧𝑧 = _______ 

𝒛𝒛 

EXAMPLE 
A grocery chain wants to see if self-checkout lanes have a shorter checkout time than cashier lanes, so they take a 
random, independent sample of 35 times from each & find 𝑥𝑥1ഥ = 4.5 for self-checkout & 𝑥𝑥2തതത = 6.4 for cashier lanes. 
Prior data suggests 𝜎𝜎1 = 1.1 & 𝜎𝜎2 = 1.4. Test the claim that self-checkout times are shorter with 𝛼𝛼 = 0.05.    

Hypothesis Tests for 2 Means:  𝝈𝝈𝟏𝟏, 𝝈𝝈𝟐𝟐 Known New 

TOPIC:  TWO MEANS – KNOWN VARIANCES 
Performing Hypothesis Tests on Means with Known Variances 

◆ If you are given the population variances, you can use a ___ -test for 2 means. 
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HOW TO: Do Hyp. Test
2 Means,       Known

1) 

2)

EXAMPLE Make a 95% C.I. for the mean in each data set. 

TOPIC: CONFIDENCE INTERVALS FOR POPULATION MEAN 
C.I. Using TI-84 – Mean 

◆ To make a C.I. for the population mean using a calculator, use the 7:ZInterval or 8:TInterval function. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ሺ𝑨𝑨ሻ  

ሺ𝑩𝑩ሻ  

𝒙𝒙-values 
21.7 18.42 25.3 13.85 19.1 22.68 16.7 24.59 

 

1) If given data, enter in L1 
(    , 1:EDIT… ) 

2)          TESTS  

3) If 𝜎𝜎 Known:      7: ZInterval    
If 𝜎𝜎 Unknown:   8: TInterval 

4) If given data:      If given 𝑥𝑥ҧ, 𝑛𝑛, … : 
DATA       STATS 
σ:       σ:    or     Sx: 

List: L1      𝒙𝒙ഥ: 
Freq: 1      n: 
C-Level:      C-Level:  

HOW TO: Make a C.I. for 
Mean on TI-84 

 

(If Known) (If Unknown) (If Known) 

𝑥𝑥ҧ = 23.67, 𝜎𝜎 = 5.724, 𝑛𝑛 = 100  
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EXAMPLE 
A school claims a new math app will improve test scores. They have 2 independent, random samples of 50 students, 
one using the traditional method (𝑥𝑥1ഥ  = 77, 𝑠𝑠1 = 4.8) and the other using the new app (𝑥𝑥2തതത = 82, 𝑠𝑠2 = 4.4). The school 
assumes the population variances are equal. Test the claim that the app improves test scores with 𝛼𝛼 = 0.05. 

Hypothesis Tests for 2 Means:  𝝈𝝈𝟏𝟏 = 𝝈𝝈𝟐𝟐 New 

TOPIC:  TWO MEANS – UNKNOWN, EQUAL VARIANCES 
Performing Hypothesis Tests on Means with Unknown, Equal Variances 

◆ If you can assume two populations have the ______ variance, run a t-test using the _________ standard dev., 𝑠𝑠𝑝𝑝. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Because 𝑃𝑃-value =_______ [ < | > ] 𝛼𝛼 =_______, we [ REJECT 

| FAIL TO REJECT ] 𝐻𝐻0, there is [ ENOUGH | NOT ENOUGH ] 

evidence to suggest… 

𝐻𝐻0: 𝜇𝜇1 = 𝜇𝜇2 𝐻𝐻𝑎𝑎: 𝜇𝜇1 [ < | > | ≠≠  ]]  𝜇𝜇2 
 

𝑥𝑥1ഥ = ______ 𝑠𝑠1 = ______ 𝑛𝑛1 = ______  

𝑥𝑥2തതത = ______ 𝑠𝑠2 = ______ 𝑛𝑛2 = ______  

 

Area "beyond" 𝑡𝑡 𝑑𝑑𝑑𝑑 = 𝑛𝑛1 − 1 + 𝑛𝑛2 − 1 = ______ 

𝑃𝑃-Value = ______ 

BIZ REG 

𝒕𝒕 

Independent,                        𝑋𝑋 is Normal OR 
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TOPIC: TWO MEANS - KNOWN VARIANCES

PRACTICE

For              ,              ,              ,              ,               , &              , perform a 
hypothesis test to test the claim that              , for                .

•	Left BagEXAMPLE

A gym is interested in adding new classes to their schedule. So far, they suspect their yoga classes are more well-
attended than their weightlifting courses, so they collect attendance samples from each type and get the statistics below:

Relevant Letters 
 
(𝑨𝑨)   (𝑩𝑩)    
 
(𝑪𝑪)   (𝑫𝑫)     
 
(𝑬𝑬)   (𝑭𝑭)  
 
 
Topic 2 Page 9 – 10, 12 – 13 
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Topic 3 Page 2 
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Topic 5 Page 2, 3, 4 
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[2, 4]   
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Topic 3 Page 2 
 
[0,10]  
 
 
Topic 5 Page 2, 3, 4 
 
[2,5]  
 
[4,9]  
 
[0,1]  
 
[2, 4]   

For              , perform a hypothesis test to see if there is evidence that Yoga classes are more well-attended. For the 
test, the gym uses prior information, which suggests                and               .

Based on the results of the hypothesis test, does the gym have enough evidence to add more yoga classes than 
weightlifting classes?

Weightlifting:                 ,
Yoga:                 ,              

EXAMPLE   
A restaurant chain is hiring new waitstaff. To discover which of the two 
locations is more in need of extra hands, they collect data on a sample 
of wait times at each location and get the following statistics: 
 
Location A: 𝑥𝑥1ഥ = 15.4, 𝑠𝑠𝑥𝑥1 = 3.2, 𝑛𝑛1 = 35 
Location B: 𝑥𝑥2̅̅ ̅ = 18.6, 𝑠𝑠𝑥𝑥2 = 4.3, 𝑛𝑛2 = 35 

TOPIC:  TWO MEANS – UNKNOWN, UNEQUAL VARIANCES 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

((𝐴𝐴) For 𝛼𝛼 = 0.1, create a confidence interval to see if there is enough 
evidence to suggest that the chain’s suspicion that Location B needs 
more assistance is true. 

((𝐵𝐵) If there is enough evidence to suggest wait times are higher for 
Location B, then new employees will be stationed there. Otherwise, 
new employees will be evenly distributed among the two locations. 
Based on the confidence interval from part (A), where should new 
employees be stationed? 

1) If given data, enter in L1, L2 
(    , 1:EDIT… ) 

2)   ,       TESTS  

    0: 2-SampTInt 
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2 Means, 𝝈𝝈 Unknown 

 

 

HOW TO: Do Hyp. Test
2 Means,       Known

1) 

2)

EXAMPLE Make a 95% C.I. for the mean in each data set. 

TOPIC: CONFIDENCE INTERVALS FOR POPULATION MEAN 
C.I. Using TI-84 – Mean 

◆ To make a C.I. for the population mean using a calculator, use the 7:ZInterval or 8:TInterval function. 
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ሺ𝑩𝑩ሻ  

𝒙𝒙-values 
21.7 18.42 25.3 13.85 19.1 22.68 16.7 24.59 
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DATA       STATS 
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Freq: 1      n: 
C-Level:      C-Level:  
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Mean on TI-84 
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(    , 1:EDIT… ) 

2)          TESTS  

3) If 𝜎𝜎 Known:      7: ZInterval    
If 𝜎𝜎 Unknown:   8: TInterval 

4) If given data:      If given 𝑥𝑥ҧ, 𝑛𝑛, … : 
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Freq: 1      n: 
C-Level:      C-Level:  

HOW TO: Make a C.I. for 
Mean on TI-84 

 

(If Known) (If Unknown) (If Known) 

𝑥𝑥ҧ = 23.67, 𝜎𝜎 = 5.724, 𝑛𝑛 = 100  
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1) If given data, enter in L1 
(    , 1:EDIT… ) 

2)          TESTS  

3) If 𝜎𝜎 Known:      7: ZInterval    
If 𝜎𝜎 Unknown:   8: TInterval 
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EXAMPLE 
A school claims a new math app will improve test scores. They have 2 independent, random samples of 50 students, 
one using the traditional method (𝑥𝑥1ഥ  = 77, 𝑠𝑠1 = 4.8) and the other using the new app (𝑥𝑥2തതത = 82, 𝑠𝑠2 = 4.4). The school 
assumes the population variances are equal. Test the claim that the app improves test scores with 𝛼𝛼 = 0.05. 

Hypothesis Tests for 2 Means:  𝝈𝝈𝟏𝟏 = 𝝈𝝈𝟐𝟐 New 

TOPIC:  TWO MEANS – UNKNOWN, EQUAL VARIANCES 
Performing Hypothesis Tests on Means with Unknown, Equal Variances 

◆ If you can assume two populations have the ______ variance, run a t-test using the _________ standard dev., 𝑠𝑠𝑝𝑝. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Because 𝑃𝑃-value =_______ [ < | > ] 𝛼𝛼 =_______, we [ REJECT 

| FAIL TO REJECT ] 𝐻𝐻0, there is [ ENOUGH | NOT ENOUGH ] 

evidence to suggest… 

𝐻𝐻0: 𝜇𝜇1 = 𝜇𝜇2 𝐻𝐻𝑎𝑎: 𝜇𝜇1 [ < | > | ≠≠  ]]  𝜇𝜇2 
 

𝑥𝑥1ഥ = ______ 𝑠𝑠1 = ______ 𝑛𝑛1 = ______  

𝑥𝑥2തതത = ______ 𝑠𝑠2 = ______ 𝑛𝑛2 = ______  

 

Area "beyond" 𝑡𝑡 𝑑𝑑𝑑𝑑 = 𝑛𝑛1 − 1 + 𝑛𝑛2 − 1 = ______ 

𝑃𝑃-Value = ______ 

BIZ REG 
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Random Samples?                𝑛𝑛1 > 30 & 𝑛𝑛2 > 30 
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1)   ,       TESTS  

    4: 2-SampTTest 

2) DATA STATS  
𝒙𝒙ഥ1:       𝒙𝒙ഥ2: 
Sx1:      Sx2: 
n1:       n2: 

µ1: ≠µ2 <µ2 >µ2 
Pooled: No Yes 
Calculate Draw 
  

HOW TO: Do Hyp.         
Test 2 Means, 𝝈𝝈𝟏𝟏= 𝝈𝝈𝟐𝟐  

 

EXAMPLE 
A grocery chain wants to see if self-checkout lanes have a shorter checkout time than cashier lanes, so they take a 
random, independent sample of 35 times from each & find 𝑥𝑥1ഥ = 4.5 for self-checkout & 𝑥𝑥2തതത = 6.4 for cashier lanes. 
Prior data suggests 𝜎𝜎1 = 1.1 & 𝜎𝜎2 = 1.4. Test the claim that self-checkout times are shorter with 𝛼𝛼 = 0.05.    

Hypothesis Tests for 2 Means:  𝝈𝝈𝟏𝟏, 𝝈𝝈𝟐𝟐 Known New 

TOPIC:  TWO MEANS – KNOWN VARIANCES 
Performing Hypothesis Tests on Means with Known Variances 

◆ If you are given the population variances, you can use a ___ -test for 2 means. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

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

𝐻𝐻0, there is [ ENOUGH | NOT ENOUGH ] evidence to suggest… 

𝐻𝐻0: 𝜇𝜇1 = 𝜇𝜇2 𝐻𝐻𝑎𝑎: 𝜇𝜇1 [ < | > | ≠≠  ]]  𝜇𝜇2 
 

𝑥𝑥1ഥ = ______ 𝜎𝜎1 = ______ 𝑛𝑛1 = ______  

𝑥𝑥2തതത = ______ 𝜎𝜎2 = ______ 𝑛𝑛2 = ______  

 

Area "beyond" 𝑧𝑧 

𝑃𝑃-Value = ______ 

Independent,                        𝑋𝑋 is Normal OR 
Random Samples?                𝑛𝑛1 > 30 & 𝑛𝑛2 > 30 
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1)   ,       TESTS  

    3: 2-SampZTest 

2) DATA STATS 
  𝝈𝝈𝟏𝟏:                 𝝈𝝈𝟐𝟐:  

𝒙𝒙ഥ1:       n1: 
  𝒙𝒙ഥ2:       n2: 
µ1: ≠µ2 <µ2 >µ2 
Calculate Draw 
  

HOW TO: Do Hyp. Test  
2 Means, 𝝈𝝈s Known 

 

𝑧𝑧 =
(𝑥̅𝑥1 − 𝑥̅𝑥2) − (𝜇𝜇1 − 𝜇𝜇2)

√𝜎𝜎12

𝑛𝑛1
+ 𝜎𝜎22

𝑛𝑛2

 𝑧𝑧 = _______ 

𝒛𝒛 

EXAMPLE 
A grocery chain wants to see if self-checkout lanes have a shorter checkout time than cashier lanes, so they take a 
random, independent sample of 35 times from each & find 𝑥𝑥1ഥ = 4.5 for self-checkout & 𝑥𝑥2തതത = 6.4 for cashier lanes. 
Prior data suggests 𝜎𝜎1 = 1.1 & 𝜎𝜎2 = 1.4. Test the claim that self-checkout times are shorter with 𝛼𝛼 = 0.05.    

Hypothesis Tests for 2 Means:  𝝈𝝈𝟏𝟏, 𝝈𝝈𝟐𝟐 Known New 

TOPIC:  TWO MEANS – KNOWN VARIANCES 
Performing Hypothesis Tests on Means with Known Variances 

◆ If you are given the population variances, you can use a ___ -test for 2 means. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

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

𝐻𝐻0, there is [ ENOUGH | NOT ENOUGH ] evidence to suggest… 

𝐻𝐻0: 𝜇𝜇1 = 𝜇𝜇2 𝐻𝐻𝑎𝑎: 𝜇𝜇1 [ < | > | ≠≠  ]]  𝜇𝜇2 
 

𝑥𝑥1ഥ = ______ 𝜎𝜎1 = ______ 𝑛𝑛1 = ______  
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1)   ,       TESTS  

    3: 2-SampZTest 
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  𝝈𝝈𝟏𝟏:                 𝝈𝝈𝟐𝟐:  

𝒙𝒙ഥ1:       n1: 
  𝒙𝒙ഥ2:       n2: 
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Calculate Draw 
  

HOW TO: Do Hyp. Test  
2 Means, 𝝈𝝈s Known 
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EXAMPLE 
A grocery chain wants to see if self-checkout lanes have a shorter checkout time than cashier lanes, so they take a 
random, independent sample of 35 times from each & find 𝑥𝑥1ഥ = 4.5 for self-checkout & 𝑥𝑥2തതത = 6.4 for cashier lanes. 
Prior data suggests 𝜎𝜎1 = 1.1 & 𝜎𝜎2 = 1.4. Test the claim that self-checkout times are shorter with 𝛼𝛼 = 0.05.    

Hypothesis Tests for 2 Means:  𝝈𝝈𝟏𝟏, 𝝈𝝈𝟐𝟐 Known New 

TOPIC:  TWO MEANS – KNOWN VARIANCES 
Performing Hypothesis Tests on Means with Known Variances 

◆ If you are given the population variances, you can use a ___ -test for 2 means. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Because 𝑃𝑃-value [ < | > ] 𝛼𝛼, we [ REJECT | FAIL TO REJECT ] 
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    3: 2-SampZTest 
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𝒙𝒙ഥ1:       n1: 
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µ1: ≠µ2 <µ2 >µ2 
Calculate Draw 
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EXAMPLE 
A grocery chain wants to see if self-checkout lanes have a shorter checkout time than cashier lanes, so they take a 
random, independent sample of 35 times from each & find 𝑥𝑥1ഥ = 4.5 for self-checkout & 𝑥𝑥2തതത = 6.4 for cashier lanes. 
Prior data suggests 𝜎𝜎1 = 1.1 & 𝜎𝜎2 = 1.4. Test the claim that self-checkout times are shorter with 𝛼𝛼 = 0.05.    

Hypothesis Tests for 2 Means:  𝝈𝝈𝟏𝟏, 𝝈𝝈𝟐𝟐 Known New 

TOPIC:  TWO MEANS – KNOWN VARIANCES 
Performing Hypothesis Tests on Means with Known Variances 

◆ If you are given the population variances, you can use a ___ -test for 2 means. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Because 𝑃𝑃-value [ < | > ] 𝛼𝛼, we [ REJECT | FAIL TO REJECT ] 
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  𝒙𝒙ഥ2:       n2: 
µ1: ≠µ2 <µ2 >µ2 
Calculate Draw 
  

HOW TO: Do Hyp. Test  
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EXAMPLE 
A grocery chain wants to see if self-checkout lanes have a shorter checkout time than cashier lanes, so they take a 
random, independent sample of 35 times from each & find 𝑥𝑥1ഥ = 4.5 for self-checkout & 𝑥𝑥2തതത = 6.4 for cashier lanes. 
Prior data suggests 𝜎𝜎1 = 1.1 & 𝜎𝜎2 = 1.4. Test the claim that self-checkout times are shorter with 𝛼𝛼 = 0.05.    
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TOPIC:  TWO MEANS – KNOWN VARIANCES 
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  𝝈𝝈𝟏𝟏:                 𝝈𝝈𝟐𝟐:  

𝒙𝒙ഥ1:       n1: 
  𝒙𝒙ഥ2:       n2: 
µ1: ≠µ2 <µ2 >µ2 
Calculate Draw 
  

HOW TO: Do Hyp. Test  
2 Means, 𝝈𝝈s Known 

 

𝑧𝑧 =
(𝑥̅𝑥1 − 𝑥̅𝑥2) − (𝜇𝜇1 − 𝜇𝜇2)

√𝜎𝜎12

𝑛𝑛1
+ 𝜎𝜎22

𝑛𝑛2

 𝑧𝑧 = _______ 

𝒛𝒛 

EXAMPLE 
A grocery chain wants to see if self-checkout lanes have a shorter checkout time than cashier lanes, so they take a 
random, independent sample of 35 times from each & find 𝑥𝑥1ഥ = 4.5 for self-checkout & 𝑥𝑥2തതത = 6.4 for cashier lanes. 
Prior data suggests 𝜎𝜎1 = 1.1 & 𝜎𝜎2 = 1.4. Test the claim that self-checkout times are shorter with 𝛼𝛼 = 0.05.    

Hypothesis Tests for 2 Means:  𝝈𝝈𝟏𝟏, 𝝈𝝈𝟐𝟐 Known New 

TOPIC:  TWO MEANS – KNOWN VARIANCES 
Performing Hypothesis Tests on Means with Known Variances 

◆ If you are given the population variances, you can use a ___ -test for 2 means. 
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A gym is interested in adding new classes to their schedule. So far, they suspect their yoga classes are more well-
attended than their weightlifting courses, so they collect attendance samples from each type and get the statistics 
below: 
 
Weightlifting: 𝑥𝑥1ഥ = 20.4, 𝑛𝑛1 = 32 
Yoga: 𝑥𝑥2തതത = 21.3, 𝑛𝑛2 = 32 

PRACTICE 

For 𝑥𝑥1ഥ = 40, 𝜎𝜎1 = 8.3, 𝑛𝑛1 = 40, 𝑥𝑥2തതത = 39, 𝜎𝜎2 = 5.8, & 𝑛𝑛2 = 50, 
perform a hypothesis test to test the claim that 𝜇𝜇1 > 𝜇𝜇2 for 𝛼𝛼 = 0.05. 

TOPIC:  TWO MEANS – KNOWN VARIANCES 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

((𝐴𝐴) For 𝛼𝛼 = 0.1, perform a hypothesis test to see if there is evidence that Yoga classes are more well-attended. 
For the test, the gym uses prior information, which suggests 𝜎𝜎1 = 3.6 and 𝜎𝜎2 = 4.2. 

((𝐵𝐵) Based on the results of the hypothesis test, does the gym have enough evidence to add more yoga classes 
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attended than their weightlifting courses, so they collect attendance samples from each type and get the statistics 
below: 
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TOPIC: TWO MEANS - KNOWN VARIANCES

HOW TO: Do Hyp. Test
2 Means,       Known

1) 

2)

EXAMPLE Make a 95% C.I. for the mean in each data set. 

TOPIC: CONFIDENCE INTERVALS FOR POPULATION MEAN 
C.I. Using TI-84 – Mean 

◆ To make a C.I. for the population mean using a calculator, use the 7:ZInterval or 8:TInterval function. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ሺ𝑨𝑨ሻ  

ሺ𝑩𝑩ሻ  

𝒙𝒙-values 
21.7 18.42 25.3 13.85 19.1 22.68 16.7 24.59 

 

1) If given data, enter in L1 
(    , 1:EDIT… ) 

2)          TESTS  

3) If 𝜎𝜎 Known:      7: ZInterval    
If 𝜎𝜎 Unknown:   8: TInterval 

4) If given data:      If given 𝑥𝑥ҧ, 𝑛𝑛, … : 
DATA       STATS 
σ:       σ:    or     Sx: 

List: L1      𝒙𝒙ഥ: 
Freq: 1      n: 
C-Level:      C-Level:  

HOW TO: Make a C.I. for 
Mean on TI-84 

 

(If Known) (If Unknown) (If Known) 

𝑥𝑥ҧ = 23.67, 𝜎𝜎 = 5.724, 𝑛𝑛 = 100  
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EXAMPLE 
A school claims a new math app will improve test scores. They have 2 independent, random samples of 50 students, 
one using the traditional method (𝑥𝑥1ഥ  = 77, 𝑠𝑠1 = 4.8) and the other using the new app (𝑥𝑥2തതത = 82, 𝑠𝑠2 = 4.4). The school 
assumes the population variances are equal. Test the claim that the app improves test scores with 𝛼𝛼 = 0.05. 

Hypothesis Tests for 2 Means:  𝝈𝝈𝟏𝟏 = 𝝈𝝈𝟐𝟐 New 

TOPIC:  TWO MEANS – UNKNOWN, EQUAL VARIANCES 
Performing Hypothesis Tests on Means with Unknown, Equal Variances 

◆ If you can assume two populations have the ______ variance, run a t-test using the _________ standard dev., 𝑠𝑠𝑝𝑝. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Because 𝑃𝑃-value =_______ [ < | > ] 𝛼𝛼 =_______, we [ REJECT 

| FAIL TO REJECT ] 𝐻𝐻0, there is [ ENOUGH | NOT ENOUGH ] 

evidence to suggest… 

𝐻𝐻0: 𝜇𝜇1 = 𝜇𝜇2 𝐻𝐻𝑎𝑎: 𝜇𝜇1 [ < | > | ≠≠  ]]  𝜇𝜇2 
 

𝑥𝑥1ഥ = ______ 𝑠𝑠1 = ______ 𝑛𝑛1 = ______  

𝑥𝑥2തതത = ______ 𝑠𝑠2 = ______ 𝑛𝑛2 = ______  

 

Area "beyond" 𝑡𝑡 𝑑𝑑𝑑𝑑 = 𝑛𝑛1 − 1 + 𝑛𝑛2 − 1 = ______ 

𝑃𝑃-Value = ______ 

BIZ REG 

𝒕𝒕 

Independent,                        𝑋𝑋 is Normal OR 
Random Samples?                𝑛𝑛1 > 30 & 𝑛𝑛2 > 30 
        
  

☐ ☐

𝑡𝑡 =
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1)   ,       TESTS  

    4: 2-SampTTest 

2) DATA STATS  
𝒙𝒙ഥ1:       𝒙𝒙ഥ2: 
Sx1:      Sx2: 
n1:       n2: 

µ1: ≠µ2 <µ2 >µ2 
Pooled: No Yes 
Calculate Draw 
  

HOW TO: Do Hyp.         
Test 2 Means, 𝝈𝝈𝟏𝟏= 𝝈𝝈𝟐𝟐  

 

EXAMPLE 
A grocery chain wants to see if self-checkout lanes have a shorter checkout time than cashier lanes, so they take a 
random, independent sample of 35 times from each & find 𝑥𝑥1ഥ = 4.5 for self-checkout & 𝑥𝑥2തതത = 6.4 for cashier lanes. 
Prior data suggests 𝜎𝜎1 = 1.1 & 𝜎𝜎2 = 1.4. Test the claim that self-checkout times are shorter with 𝛼𝛼 = 0.05.    

Hypothesis Tests for 2 Means:  𝝈𝝈𝟏𝟏, 𝝈𝝈𝟐𝟐 Known New 

TOPIC:  TWO MEANS – KNOWN VARIANCES 
Performing Hypothesis Tests on Means with Known Variances 

◆ If you are given the population variances, you can use a ___ -test for 2 means. 
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  𝒙𝒙ഥ2:       n2: 
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HOW TO: Do Hyp. Test  
2 Means, 𝝈𝝈s Known 
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A grocery chain wants to see if self-checkout lanes have a shorter checkout time than cashier lanes, so they take a 
random, independent sample of 35 times from each & find 𝑥𝑥1ഥ = 4.5 for self-checkout & 𝑥𝑥2തതത = 6.4 for cashier lanes. 
Prior data suggests 𝜎𝜎1 = 1.1 & 𝜎𝜎2 = 1.4. Test the claim that self-checkout times are shorter with 𝛼𝛼 = 0.05.    

Hypothesis Tests for 2 Means:  𝝈𝝈𝟏𝟏, 𝝈𝝈𝟐𝟐 Known New 

TOPIC:  TWO MEANS – KNOWN VARIANCES 
Performing Hypothesis Tests on Means with Known Variances 

◆ If you are given the population variances, you can use a ___ -test for 2 means. 
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•	Left BagEXAMPLE

A call center is interested in determining if call frequencies differ based on the time 
of the day. They sample hours in the morning and afternoon to check the average 
number of calls received. They get the following statistics:

Relevant Letters 
 
(𝑨𝑨)   (𝑩𝑩)    
 
(𝑪𝑪)   (𝑫𝑫)     
 
(𝑬𝑬)   (𝑭𝑭)  
 
 
Topic 2 Page 9 – 10, 12 – 13 
 
[0,5]  
 
[0,6]  
 
[0,3]  
 
[1,5]  
 
[4,10]  
 
[0, 4]  
 
 
Topic 3 Page 2 
 
[0,10]  
 
 
Topic 5 Page 2, 3, 4 
 
[2,5]  
 
[4,9]  
 
[0,1]  
 
[2, 4]   

Relevant Letters 
 
(𝑨𝑨)   (𝑩𝑩)    
 
(𝑪𝑪)   (𝑫𝑫)     
 
(𝑬𝑬)   (𝑭𝑭)  
 
 
Topic 2 Page 9 – 10, 12 – 13 
 
[0,5]  
 
[0,6]  
 
[0,3]  
 
[1,5]  
 
[4,10]  
 
[0, 4]  
 
 
Topic 3 Page 2 
 
[0,10]  
 
 
Topic 5 Page 2, 3, 4 
 
[2,5]  
 
[4,9]  
 
[0,1]  
 
[2, 4]   

For                , perform a hypothesis test to see if there is evidence that the 
number of calls differs between the morning and afternoon. For the test, the 
call center uses prior information, which suggests                and               .

The call center is planning on hiring more agents. If they get the same number 
of calls on average throughout the day, they will spread the new employees' 
shifts evenly throughout the day; otherwise, they will increase staffing at their 
busiest times. Using the results of the test, what should they do?

Morning:                 ,
Afternoon:                 ,

EXAMPLE   
A social media manager at a large firm is concerned that posts on 
their two major platforms are not getting the same traffic, so they 
analyze the number of views (in millions) for a sample of posts on 
each platform and observe the following statistics: 
 
Platform A: 𝑥𝑥1̅ = 2.5, 𝑠𝑠𝑥𝑥1 = 0.57, 𝑛𝑛1 = 90 
Platform B: 𝑥𝑥2തതത = 2.4, 𝑠𝑠𝑥𝑥2 = 0.39, 𝑛𝑛2 = 80 
 

TOPIC:  TWO MEANS – UNKNOWN, EQUAL VARIANCES 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

((𝐴𝐴) For a significance level of 𝛼𝛼 = 0.01, perform a hypothesis test to 
determine if there is enough evidence to support the manager’s 
concerns. Assume 𝜎𝜎1 = 𝜎𝜎2. 

((𝐵𝐵) Based on the results of the above test, should the company continue 
to spend an equal amount of time posting on each platform? 
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afternoon to check the average number of calls received. They get the 
following statistics: 
 
Morning: 𝑥𝑥1ഥ = 19.6, 𝑛𝑛1 = 90 
Afternoon: 𝑥𝑥2തതത = 15.3, 𝑛𝑛2 = 80 
 

 
TOPIC:  TWO MEANS – KNOWN VARIANCES 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

((𝐴𝐴) For 𝛼𝛼 = 0.01, perform a hypothesis test to see if there is evidence 
that the number of calls differs between the morning and afternoon. 
For the test, the call center uses prior information, which suggests 
𝜎𝜎1 = 7.6 and 𝜎𝜎2 = 6.5. 

((𝐵𝐵) The call center is planning on hiring more agents. If they get the 
same number of calls on average throughout the day, they will spread 
the new employees’ shifts evenly throughout the day; otherwise, they 
will increase staffing at their busiest times. Using the results of the 
test, what should they do? 

1)   ,       TESTS  

    3: 2-SampZTest 

2) DATA STATS 
  𝝈𝝈𝟏𝟏:                 𝝈𝝈𝟐𝟐:  

𝒙𝒙ഥ1:       n1: 
  𝒙𝒙ഥ2:       n2: 
µ1: ≠µ2 <µ2 >µ2 
Calculate Draw 
  

HOW TO: Do Hyp. Test  
2 Means, 𝝈𝝈s Known 

 


