Term 2  2001-2002  Stat 101  Statistics

Test 3 (G1; G3)

QUESTION 1 (20 Marks)

In making bids on building projects, Sonneborn Builders Ltd. Assumes construction workers are idle no more than 15% of the time. Hence, for a normal 8-hour shift, the mean idle time should be 72 minutes are less per day. A sample of 30 construction workers had a mean idle time of 80 minutes per day. The sample standard deviation was 20 minutes. The company wants to know the validity of its assumption. If the assumption is found invalid, it will reduce the pay for the workers.

a) What is the statistical problem?

Whether the assumption of mean idle time for the construction workers is 15% or less per day

b) What is the variable that is of interest in this problem?

Variable of interest is the mean idle time

c) What is the sampling distribution for this variable?

Since the population standard deviation is not known, the sampling distribution is a Student t-distribution with mean of 72 minutes and standard deviation of  3.65 (20/(30)1/2) and degrees of freedom of 29. (30-1)

d) Find the confidence interval for this variable assuming a margin of error of 5%

For a margin of error of 5%, and degrees of freedom of 29, the critical value is

t29, 0.025 which is 2.045 

The confidence interval is then : 80 – 3.65 x 2.045 <  < 80 + 3.65 x 2.045






72.53 <  < 87.46

e) If you want to test the validity of the assumption, formulate the null and alternate hypotheses.

H0 :  = 72

H1 :  > 72

f) What is the critical value?

Since it is a one-tailed test, for  = 0.05 and degrees of freedom 29, t-value is 1.699

g) What is the value of the test statistic?
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h) What is your conclusion about the validity of the assumption?

Since the test statistic value is greater than the critical value, the null hypothesis will be rejected and the alternate hypothesis that the mean idle time is greater than 72 minutes will be accepted. Or, we can conclude that the mean idle time for the workers is more than 72 minutes per day.

i) What is the p-value?

Since t29, 0.025 is 2.045 and t29, 0.01 is 2.462, we can say that the p-value is about 0.02

j) Which error is more serious in this example? Type I or Type II? Why?

Type I error is more serious because the company’s plan is to reduce the pay if the idle time is more than 72 minutes. If the actual idle time is 72 minutes or less but if the null is rejected, the workers will receive lesser pay which may reduce the morale of the workers.

QUESTION 2 (20 Marks)

An airline promotion to business travelers was based on the assumption that approximately two-thirds of business travelers use a laptop computer on overnight business trips. An American Express online survey found 355 of 546 business travelers use a laptop computer on overnight business trips. The airline would install additional lines to recharge the batteries if the proportion of travelers is more than 67%. 

a) What is the statistical problem?

To determine whether at least 67% of the travelers use the laptop computers.

b) What is the variable that is of interest in this problem?

The proportion of travelers using the laptop computers

c) What is the sampling distribution for this variable?

The mean is 0.67

The standard deviation is Sqrt( 0.67 x 0.33 / n) = 0.0201

The sampling distribution is a normal distribution with mean of 0.67 and standard deviation of 0.0201.

d) Find the confidence interval for this variable assuming a margin of error of 5%

The critical value for the standard normal variable at  = 0.025 = 1.96

The confidence interval is: 0.65 – 1.96 x 0.0201 < p < 0.65 + 1.96 x 0.0201






0.61 < p < 0.69

e) If you want to test the validity of the assumption, formulate the null and alternate hypotheses.

H0: p = 0.67

H1: p > 0.67

f) What is the critical value?

Since it is a one-tailed test with =0.05, critical value is Z0.05 which is 1.645

g) What is the value of the test statistic?
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h) What is your conclusion about the validity of the assumption?

Since the test statistic is within the acceptance region, we cannot reject the null hypothesis. Thus, the proportion of travelers using the laptop can be considered as less than two-thirds.

i) What is the p-value?

Z0.9859 = 0.5 - 0.3365 = 0.1635

j) Which error is more serious in this example? Type I or Type II? Why?

Type two error is more serious in this case because if the null hypothesis is not rejected when the actual proportion is greater than 0.67, airlines will not install the new lines which may cause less demand for the airlines.

QUESTION 3 (20 marks)

A bath soap manufacturing process is designed to produce a mean of 120 bars of soap per batch. Quantities over or under the standard are undesirable. A sample of 10 batches shows the following numbers of bars of soap. The population is assumed to be normally distributed.

108
118
120
122
119
113
124
122
120
123

The producer would like to know whether the process is functioning properly.

a) What is the statistical problem?

 The problem is to assess whether the production process is producing a mean of 120 soaps per batch

b) What is the variable that is of interest in this problem?

The variable is the mean number of soap bars per batch

c) What is the sampling distribution for this variable?

Since the sample size is small, only 10, the distribution is a Student t-distribution with 9 degrees of freedom with a mean of 120 and standard deviation of 1.56

(the mean of 10 observations is 118.9 and standard deviation of 4.93. Since sample size is 10, the standard deviation of the sampling distribution is 4.93/(10)1/2
d) Find the confidence interval for this variable assuming a margin of error of 5%

The t value for 9 degrees of freedom and =0.025 is 2.262


Confidence interval is 118.9 – 2.262 x 1.56 <  < 118.9 + 2.262 x 1.56






115.37 <  < 122.43

e) If you want to test the validity of the assumption, formulate the null and alternate hypotheses.

H0: m=120

H1: m(120

f) What is the critical value?

Since it is a two-tailed test, the critical value is 2.262

g) What is the value of the test statistic?
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h) What is your conclusion about the validity of the assumption?

Since the t-value falls within acceptance region, the null hypothesis cannot be rejected and we can conclude that the mean number of soap bars is 120 and the production is running smoothly

i) What is the p-value?

From the table, it cannot be found but it is more than 10%

j) Which error is more serious in this example? Type I or Type II? Why?

Type II error is more serious because we do not reject the null hypothesis and assume that the production is going smooth when in reality, the average is not 120.

QUESTION 4

Safegate Foods Ltd. Is redesigning the checkout lanes in its supermarkets throughout the country. Two designs have been suggested. Tests on customer checkout times have been conducted at two stores where the two new systems have been installed. A summary of the sample data follows:

For system A, the mean waiting time was 4.1 minutes with a standard deviation of 2.2 minutes for a sample size of 120.

For system B, the mean waiting time was 3.3 minutes with a standard deviation of 1.5 minutes for a sample size of 100.

Assume that the standard deviation of waiting time for the two systems are equal but unknown. 

Safegate Foods would like to install a system that results in smaller mean waiting time.

a) What is the statistical problem?

The statistical problem is to find which of the two systems produces lower average waiting time

b) What is the variable that is of interest in this problem?

The difference in the average waiting time for the two systems

c) What is the sampling distribution for this variable?

The sampling distribution is a Student t-distribution with (n1+n2-2)  degrees of freedom. Or 218 degrees of freedom. The mean and standard deviation are given by:
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The sampling distribution is t-distribution with mean of 0.8 minutes and standard deviation of 0.2591

d) Find the confidence interval for this variable assuming a margin of error of 5%

The critical value for t218, 0.25 = 1.96

Confidence interval is   0.8 – 1.96 * 0.2591 < (1-2) < 0.8 + 1.96 * 0.2591





0.2921 < (1-2) < 1.3078

e) If you want to test the validity of the assumption, formulate the null and alternate hypotheses.

H0: (1-2) = 0

H0: (1-2) ≠ 0

f) What is the critical value?

The critical value for t distribution with 218 degrees of freedom and for =0.025 is 1.96

g) What is the value of the test statistic?
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h) What is your conclusion about the validity of the assumption?

Since the test statistic value is greater than the critical value, the null statistic that the two mean waiting times are equal can be rejected. Further, it is clear that the waiting time for system A is significantly greater than that of system 2. Therefore, the company should install system 2 as it has lower mean waiting time.

i) What is the p-value?

The p-value can be found from the normal table as 0.001

j) Which error is more serious in this example? Type I or Type II? Why?

In case of Type I error, we will install a system assuming it has lower waiting time whereas in reality it may not have lower waiting time. 

In case of Type II error, we are indifferent between two systems even though one system has lower waiting time.

Since it is likely that the lower waiting time system may be installed in case of Type II error, Type I error is more serious.

QUESTION 5 (20 marks)

Figure Perfect Inc., is a women’s figure salon that specializes in weight reduction programs. Weights for a sample of clients before and after a six-week introductory program follow.







Weight



Client


     Before
After



    1


        140
  132



    2


        160
  158



    3


        210
  195



    4


        148
  152



    5


        190
  180



    6


        170
  164

The salon claims that the program will surely result in a loss of weight of 5 Kgs on the average.

a) What is the statistical problem?

The statistical problem is to find whether the program actually results in weight loss of more than 5 Kgs. or not.

b) What is the variable that is of interest in this problem?

The variable of interest is the mean difference in weights before the program and after the program

c) What is the sampling distribution for this variable?

Since the sample size is only 6, the sampling distribution is a t-distribution with 5 degrees of freedom. 

Since it is a matched pair problem, the mean and standard deviation of the difference in weights can be calculated as: 

Mean = 6.1667

Standard deviation = 6.5853/sqrt(6)=2.6884

The sampling distribution is t distribution with mean 6.1667 and standard deviation 2.6884

d) Find the confidence interval for this variable assuming a margin of error of 5%

Critical value for t when degrees of freedom is 5 and =0.025 is 2.571

The confidence interval is  6.1667 – 2.6884 * 2.571 < D < 6.1667 + 2.6884 *2.571

- 0.745 < D < 13.08

e) If you want to test the validity of the assumption, formulate the null and alternate hypotheses.

H0:D = 5


H1:D  > 5

f) What is the critical value?

Since it is a one-tailed test, the critical value for 5 degrees of freedom and =0.05 is -2.015

g) What is the value of the test statistic?
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h) What is your conclusion about the validity of the assumption?

Since the t value is not in the rejection region, the null hypothesis will not be rejected and it can be concluded that the program does not reduce the weight by more than 5 Kgs.

i) What is the p-value?

The p-value is more than 10% as the critical value for 5 degrees of freedom and 10% margin of error is 1.476

j) Which error is more serious in this example? Type I or Type II? Why?

Type I error means that the program does not really reduce weight by more than 5 Kgs  but we conclude that the program reduces weight by more than 5 kgs.  

Type II error means that the program does reduce the weight by more than 5 kgs but we conclude that it does not reduce the weight by more than 5 kgs.

Type I error is more serious because the clients are likely to be upset if there is no weight loss of more than 5 kgs.
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