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Chapter 2 

 

 

  Mean=
∑ 𝑥𝑖

𝑛
𝑖=1

𝑛
=

399.851

16
=24.99 

  S.E=
𝑆𝐷

√𝑛
       ⇒  𝑆𝐷 = 𝑆. 𝐸 √𝑛 =0.591√16=2.364  

 

 

(a) 𝑍0 = 2.25 
 p-value=2𝑃(𝑍 > |𝑍0|) = 2𝑃(𝑍 > 2.25) = 2𝑃(𝑍 < −2.25) = 2(0.01222) = 0.02444 
 
 

 

 (a) Fill in the missing values in the output. What conclusion 
would you draw? 

  𝑧 =
𝑋̅−30

𝑆𝐸
=

31.2−30

0.3
= 3.466 ≈ 3.47 
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      𝑝 − 𝑣𝑎𝑙𝑢𝑒 = 2𝑃(𝑍 > |𝑍0|)= 2𝑃(𝑍 > 3.47)= 5.2 x 10−4 

     Since  𝑝 − 𝑣𝑎𝑙𝑢𝑒 = 5.2 x 10−4 < 0.05 = 𝛼, we reject 𝐻0: 𝜇 = 30 

 (b) Is this a one-sided or two-sided test? 

 yes it’s 

(c) Use the output and the normal table to find a 99 percent 
        CI on the mean. 

𝜇 ∈ 𝑋̅ ± 𝑍
1−

𝛼
2

 𝑆. 𝐸 

   𝑋̅ = 31.2        𝑍1−
𝛼

2
= 𝑍

1−
0.01

2

= 𝑍0.995 =2.58    𝑆. 𝐸 = 0.3 

Then , 𝜇 ∈ 31.2 ± 2.58 (0.3) 

            𝜇 ∈ (30.43,31.97) 

(d)What is the P-value if the alternative hypothesis is  H1 : 𝝁 > 𝟑𝟎? 
𝑝 − 𝑣𝑎𝑙𝑢𝑒 = 𝑃(𝑍 > 𝑍0)= 𝑃(𝑍 > 3.47)= 𝑃(𝑍 < −3.47)= 0.000260229 

 

 

   𝑇 =
𝑋̅1−𝑋̅2−(𝜇1−𝜇2)

𝑠𝑝√
1

𝑛1
+

1

𝑛2

~𝑡𝑛1+𝑛2−2 

 (a) Can the null hypothesis be rejected at the 0.05 level? Why? 
 
     since p-value=0.001< 0.05 = 𝛼, we reject 𝐻0: 𝜇1 = 𝜇2 
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(b) Is this a one-sided or a two-sided test? 

         two-sided test  

(c)  If the hypotheses had been 𝑯𝟎: 𝝁𝟏 − 𝝁𝟐 = 𝟐 versus 𝑯𝟎: 𝝁𝟏 − 𝝁𝟐 ≠ 𝟐  would you reject the null 

hypothesis 

at the 0.05 level? 

                      𝐻0: 𝜇1 − 𝜇2 = 2    vs 𝐻1: 𝜇1 − 𝜇2 ≠ 2     

                    test statistics:     𝑻 =
𝑋̅1−𝑋̅2−(𝜇1−𝜇2)

𝑠𝑝√
1

𝑛1
+

1

𝑛2

=
−2.33341−2

2.1277√
1

20
+

1

20

= −𝟔. 𝟒𝟒 

 

                      The critical values:  

                     𝛼 = 0.05 → 1 −
𝛼

2
= 1 − 0.025 = 0.975 

                     𝑡0.975,38 = 2.024          𝑡0.025,38 = −2.024 

       We reject  𝐻0: 𝜇1 − 𝜇2 = 2 ,    if 𝑇 > 𝑡0.975,38 = 2.024     or  𝑇 < 𝑡0.025,38 = −2.024 

       Since 𝑇 = −6.44 < −2.024  we reject 𝐻0: 𝜇1 − 𝜇2 = 2     

 

  (d) If the hypotheses had been 𝑯𝟎: 𝝁𝟏 − 𝝁𝟐 = 𝟐     versus 𝑯𝟏: 𝝁𝟏 − 𝝁𝟐 < 𝟐     would you reject the 
null hypothesis 
at the 0.05 level? Can you answer this question without doing any additional calculations? Why? 
                     𝐻0: 𝜇1 − 𝜇2 = 2     vs    𝐻1: 𝜇1 − 𝜇2 < 2      

         From (c) we got 𝑇 =
𝑋̅1−𝑋̅2−(𝜇1−𝜇2)

𝑠𝑝√
1

𝑛1
+

1

𝑛2

=
−2.33341−2

2.1277√
1

20
+

1

20

= −6.44 

                          The critical value: 

                    𝛼 = 0.05        →       𝑡0.05,38 = −1.686 

                   We reject 𝐻0: 𝜇1 − 𝜇2 = 2     if 𝑇 < −𝑡0.95,38 = −1.686 

                  Since 𝑇 = −6.44 < −1.686 we reject 𝐻0: 𝜇1 − 𝜇2 = 2     

(e) Use the output and the t table to find a 95 percent upper confidence bound on the difference in 
means. 

 
-1.686 

 -2.024 2.024 
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  𝜇1 − 𝜇2 ∈ 𝑋̅1 − 𝑋̅2 ± 𝑡1−
𝛼

2
,𝑛1+𝑛2−2 𝑠𝑝√

1

𝑛1
+

1

𝑛2
 

   𝜇1 − 𝜇2 ∈ −2.33341 ± 2.024 (2.1277√
1

20
+

1

20
) 

Upper bound = −2.33341 + 2.024 (2.1277√
1

20
+

1

20
)=-0.972 

 

 

 (a) We would like to demonstrate that the mean shelf life exceeds 120 days. Set up appropriate 
hypotheses for investigating this claim. 
 𝐻0: 𝜇 ≤ 120     vs   𝐻1: 𝜇 > 120 

(b) Test these hypotheses using 𝜶 = 0.01. What are your conclusions? 

           test statistics:    𝑇 =
𝑋̅−𝜇0

𝑠/√𝑛
=

131−120

19.54/√10
=1.78 

                The critical value 𝑡1−𝛼,𝑛−1 = 𝑡0.99,9 = 2.821 

             We reject  𝐻0: 𝜇 = 120     if 𝑇 > 𝑡0.99,9 = 2.821 

          Since 𝑇 = 1.78 < 2.821 = 𝑡0.99,9   we cannot reject  𝐻0: 𝜇 = 120   
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Using Minitab to perform One-Sample T-test: 

Days 

108 

124 

124 

106 

115 

138 

163 

159 

134 

139 

 

• Choose Stat > Basic Statistic > 1t-1-Sample t. 

• Check Sample in one column. 

• In the Box, enter Days . 

• Check Perform hypothesis 

• Enter 120 in hypothesized mean  

• Click options. 

• Enter 99 in confidence level  

• Chose greater than in alternative 

• Click OK 

 

 
One-Sample T: Days  
 
Test of μ = 120 vs > 120 
 
 
Variable   N    Mean  StDev  SE Mean  99% Lower Bound     T      P 
  Days      10  131.00  19.54     6.18            113.56                 1.78  0.054 
 
 

2.821 
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 (a) Test the hypothesis that the two variances are equal. Use  𝜶 = 0.05. 
 
 
 
              𝐻0: 𝜎1

2 = 𝜎2
2     vs   𝐻1: 𝜎1

2 ≠ 𝜎2
2 

                         test statistics:       𝐹0 =
𝑆1

2

𝑆2
2 =

85.82

87.73
= 𝟎. 𝟗𝟖 

                The critical values:  𝛼 = 0.05,  𝑛1 = 10 , 𝑛2 = 10 

             𝐹𝛼

2
,𝑛1−1,𝑛2−1 = 𝐹0.025,9,9 = 4.03 

           𝐹1−
𝛼

2
,𝑛1−1,𝑛2−1 = 𝐹0.975,9,9 =

1

𝐹0.025,9,9
=

1

4.03
= 0.248 

      We reject  𝐻0 if 𝐹0 > 𝐹𝛼

2
,𝑛1−1,𝑛2−1 = 4.03  or  𝐹0 < 𝐹1−

𝛼

2
,𝑛1−1,𝑛2−1 = 0.248 

     We cannot reject 𝐻0: 𝜎1
2 = 𝜎2

2 that means there is no significant difference between 𝜎1
2𝑎𝑛𝑑 𝜎2

2 
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Using Minitab to perform the test of two variances: 

type 1 type 2 

65 64 

81 71 

57 83 

66 59 

82 65 

82 56 

67 69 

59 74 

75 82 

70 79 

 

• Choose Stat > Basic Statistic > 2 variances 

• Choose each Sample is in own column. 

• In Sample1 enter Type 1  

• In Sample2 enter Type 2. 

• Click options. 

• Enter 95 in confidence level  

• Chose ≠ in alternative 

• Click OK 

 

Test and CI for Two Variances: type 1; type 2  
 
Method 
 
Null hypothesis         σ(type 1) / σ(type 2) = 1 
Alternative hypothesis  σ(type 1) / σ(type 2) ≠ 1 
Significance level      α = 0.05 
 
 
Statistics 
                                  95% CI for 
Variable   N  StDev  Variance       StDevs 
type 1    10  9.264    85.822  (6.920; 15.425) 
type 2    10  9.367    87.733  (6.844; 15.945) 
 
Ratio of standard deviations = 0.989 
Ratio of variances = 0.978 
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95% Confidence Intervals 
 
                            CI for 
         CI for StDev      Variance 
Method       Ratio           Ratio 
Bonett  (0.572; 1.758)  (0.328; 3.092) 
Levene  (0.508; 1.933)  (0.258; 3.735) 
 
 
Tests 
 
                       Test 
Method  DF1  DF2  Statistic  P-Value 
Bonett    1    —       0.00    0.963 
Levene    1   18       0.00    1.000 
 
  
 

(b)  Using the results of (a), test the hypothesis that the mean burning times are equal. Use 𝜶 = 
0.05. What is the P-value for  
        this test? 
   From (a) we got that there is no significant difference between 𝜎1

2𝑎𝑛𝑑 𝜎2
2 

    Then the variance unknown and equals 
 
       𝐻0: 𝜇1 = 𝜇2     vs    𝐻1: 𝜇1 ≠ 𝜇2 

     test statistics:           𝑡0 =
𝑋̅1−𝑋̅2

𝑠𝑝√
1

𝑛1
+

1

𝑛2

~𝑡𝑛1+𝑛2−2 

𝑠𝑝2 =
(𝑛1−1)𝑆1

2+(𝑛2−1)𝑆2
2

𝑛1+𝑛2−2
=

(9)(9.264)2+(9)(9.367)2

18
= 86.775 

𝑡0 =
𝑋̅1−𝑋̅2

𝑠𝑝√
1

𝑛1
+

1

𝑛2

=
70.4−70.2

9.32√
1

10
+

1

10

= 0.048 

The critical value: 𝛼 = 0.05,  𝑛1 = 10 , 𝑛2 = 10 

𝑡𝛼
2

,𝑛1+𝑛2−2
= 𝑡0.025,18 = 2.101 

We reject 𝐻0 if 𝑡0 > 2.101  or  𝑡0 < −2.101 

We cannot reject 𝐻0: 𝜇1 = 𝜇2 that means there is no significant difference between 𝜇1𝑎𝑛𝑑 𝜇2. 

 

 -2.1010 2.1010 
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Using Minitab to perform the test of two means : 

• Choose Stat > Basic Statistic > 2 Sample t 

• Choose each Sample is in own column. 

• In Sample1 enter Type 1  

• In Sample2 enter Type 2. 

• Check assume equal variance 

• Click options. 

• Enter 95 in confidence level  

• Chose ≠ in alternative 

• Click OK. 

 

Two-Sample T-Test and CI: type 1; type 2  
 
Two-sample T for type 1 vs type 2 
 
                       Mean  StDev  SE Mean 
type 1  10  70.40   9.26      2.9 
type 2  10  70.20   9.37      3.0 
 
 
Difference = μ (type 1) - μ (type 2) 
Estimate for difference:  0.20 
95% CI for difference:  (-8.55; 8.95) 
T-Test of difference = 0 (vs ≠): T-Value = 0.05  P-Value = 0.962  DF = 18 
Both use Pooled StDev = 9.3155 
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10 sec 20 sec 

1 7 

2 8 

1 5 

3 9 

5 5 

1 8 

5 6 

2 4 

3 6 

5 7 

3 6 
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6 9 

5 5 

3 7 

2 4 

1 6 

6 8 

8 5 

2 8 

3 7 
 

Using Minitab to perform the test of two means : 

• Choose Stat > Basic Statistic > 2 Sample t 

• Choose each Sample is in own column. 

• In Sample1 enter 10 sec  

• In Sample2 enter 20 sec. 

• Check assume not equal variance 

• Click options. 

• Enter 95 in confidence level  

• Chose ≠ in alternative 

• Click OK. 

 

 

Two-Sample T-Test and CI: 10 sec; 20 sec  
 
Two-sample T for 10 sec vs 20 sec 
 
         N  Mean  StDev  SE Mean 
10 sec  20  3.35   2.01     0.45 
20 sec  20  6.50   1.54     0.34 
 
 
Difference = μ (10 sec) - μ (20 sec) 
Estimate for difference:  -3.150 
95% CI for difference:  (-4.295; -2.005) 
T-Test of difference = 0 (vs ≠): T-Value = -5.57  P-Value = 0.000  DF = 38 
Both use Pooled StDev = 1.7885 
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(a) Is there evidence to support the claim that the longer cool-down time results in fewer 
appearance defects? Use 𝜶 = 0.05  
 
       𝐻0: 𝜇1 = 𝜇2     vs    𝐻1: 𝜇1 ≠ 𝜇2 

             test statistics:    𝑡0 = −5.57   

The critical value: 𝛼 = 0.05,  𝑛1 = 20 , 𝑛2 = 20 

𝑡𝛼

2
,𝑛1+𝑛2−2 = 𝑡0.025,38 =2.0244 

We reject 𝐻0 if 𝑡0 > 2.0244    or  𝑡0 < −2.0244 

We reject 𝐻0: 𝜇1 = 𝜇2 that means there is a difference between 𝜇1𝑎𝑛𝑑 𝜇2, which means there is a 
difference between cool-down time results. 
 
 
(b) What is the P-value for the test conducted in part (a)?  P-Value = 0.000   
 
(c) Find a 95 percent confidence interval on the difference in means. Provide a practical 
interpretation of this interval. 
     95% CI for difference:  (-4.295; -2.005) 
 
 
 

 

 −2.0244 2.0244 
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(a) Is there any evidence to support a claim that there is a difference in mean performance 
between the two methods? Use 𝜶 =  0.05.   

 𝑯𝟎: 𝝁𝟏 = 𝝁𝟐     vs    𝑯𝟏: 𝝁𝟏 ≠ 𝝁𝟐    or equivalently    𝑯𝟎: 𝝁𝒅 = 𝟎     vs    𝑯𝟏: 𝝁𝒅 ≠ 𝟎 
 

           test statistics:   𝑡0 =
𝑑̅

𝑆𝑑√
1

𝑛

 

       𝑑̅ = 0.274 

    𝑆𝑑 = [
∑ 𝑑𝑖

2−
1

𝑛
(∑ 𝑑𝑖

𝑛
𝑖=1 )

2𝑛
𝑖=1

𝑛−1
]

1

2

= [
0.821151−

1

9
(2.465)2

9−1
]

1

2

= 0.135 

              𝑡0 =
𝑑̅

𝑆𝑑√
1

𝑛

=
0.274
0.135

√9

= 6.08 

The critical value: 𝛼 = 0.05,  𝑛 = 10 

𝑡𝛼
2

,𝑛−1
= 𝑡0.025,9 = 2.306 

We reject 𝐻0 if 𝑡0 > 2.306  or  𝑡0 < −2.306 

We reject 𝐻0: 𝜇𝑑 = 0    that means there is a difference between 𝜇1𝑎𝑛𝑑 𝜇2. which means there is a 

difference in mean performance between the two methods 

 

(c) Construct a 95 percent confidence interval for the difference in mean predicted to observed 
load 

𝜇𝑑 ∈ 𝑑̅ ± 𝑡𝛼
2

,𝑛−1
 
𝑆𝑑

√𝑛
 

        𝜇𝑑 ∈ 0.274 ± (2.306) 
0.135

√9
 

         𝜇𝑑 ∈ (0.17023,0.37777) 

Using Minitab to perform the Paired test: 

Karlsruhe 
method 

Lehigh 
method 

1.186 1.061 

1.151 0.992 

1.322 1.063 

1.339 1.062 

 -2.306 2.306 
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1.2 1.065 

1.402 1.178 

1.365 1.037 

1.537 1.086 

1.559 1.052 

 

• Choose Stat > Basic Statistic > Paired t 

• Choose each Sample is in own column. 

In Sample1 enter Karlsruhe method. 
• In Sample2 enter Lehigh method. 

• Click options. 

• Enter 95 in confidence level  

• Enter 0 in Hypothesized difference  

• Chose ≠ in alternative 

• Click OK. 

 

Paired T-Test and CI: Karlsruhe method; Lehigh method  
 
Paired T for Karlsruhe method - Lehigh method 
 
                  N    Mean   StDev  SE Mean 
Karlsruhe method  9  1.3401  0.1460   0.0487 
Lehigh method     9  1.0662  0.0494   0.0165 
Difference        9  0.2739  0.1351   0.0450 
 
 
95% CI for mean difference: (0.1700; 0.3777) 
T-Test of mean difference = 0 (vs ≠ 0): T-Value = 6.08  P-Value = 0.000 
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Using Minitab to perform the test of two means : 

 

solution1 
solution 

2 

9.9 10.2 

9.4 10 

10 10.7 

10.3 10.5 

10.6 10.6 

10.3 10.2 

9.3 10.4 

9.8 10.3 

• Choose Stat > Basic Statistic > 2 Sample t 

• Choose each Sample is in own column. 

• In Sample1 enter Solution 1  

• In Sample2 enter Solution 2. 

• Check assume equal variance 

• Click options. 

• Enter 95 in confidence level  

• Chose ≠ in alternative 

• Click OK. 
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Two-Sample T-Test and CI: solution1; solution 2  
 
Two-sample T for solution1 vs solution 2 
 
            N    Mean  StDev  SE Mean 
solution1   8   9.950  0.450     0.16 
solution 2  8  10.363  0.233    0.082 
 
 
Difference = μ (solution1) - μ (solution 2) 
Estimate for difference:  -0.413 
95% CI for difference:  (-0.797; -0.028)  
T-Test of difference = 0 (vs ≠): T-Value = -2.30  P-Value = 0.037  DF = 14 
Both use Pooled StDev = 0.3584 
 
 
 

(a) Do the data indicate that the claim that both solutions have the same mean etch rate is valid? 
Use 𝜶 = 0.05 and assume  
     equal variances. 
       𝐻0: 𝜇1 = 𝜇2     vs    𝐻1: 𝜇1 ≠ 𝜇2 

   test statistics:       𝑡0 = −𝟐. 𝟑𝟎     

The critical value: 𝛼 = 0.05,  𝑛1 = 8 , 𝑛2 = 8 

𝑡𝛼

2
,𝑛1+𝑛2−2 = 𝑡0.025,14 =2.14479 

 
We reject 𝐻0 if 𝑡0 > 2.14479or  𝑡0 < −2.14479 

We reject 𝐻0: 𝜇1 = 𝜇2 that means there is a difference between 𝜇1𝑎𝑛𝑑 𝜇2. which means that both 
solutions do not have the same mean etch rate is valid. 
 
(b) Find a 95 percent confidence interval on the difference in mean etch rates. 
    95% CI for difference:  (-0.797; -0.028)  
 
 

 

 

 


