STAT 200 Final Exam

Summer 2008 (modified version)

Note: This modified version is slightly shorter than a standard 2.5 hour final exam.

[11 Marks] Problem 1:

A medical researcher is interested in examining the relationship between the duration of catheterization and whether or not an infection occurred. The thought is that whether or not an infection occurs may be related to the duration of catheterization. She collects data on 266 patients and the data is presented in the two-way table below.

	
	Duration (days)       

1                2                  3               
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	Total

	Infection
	5              10                  8                18
	41

	No infection
	46            64                39                76
	225

	Total
	51            74                47                94
	266


[2] (a) For this set of data, what is the probability of a person getting an infection given that their duration was between 1 and 2 days?

[5] (b) Complete a hypothesis test to decide if whether or not an infection occurred is independent of the duration. Use a significance level of 1% and make sure to state your hypotheses and a conclusion.

[2] (c) What is the distribution of the duration, conditioned on them having an infection?

[2] (d) What is the marginal distribution of the duration of catheterization?

[7 Marks] Problem 2:

A geneticist is interested in studying the function of a particular gene. As a starting point to the study she wishes to determine if the gene’s expression is the same in a stem cell, a mesoderm cell and a neuronal cell. She estimates the gene’s expression for each cell type a few times. A summary of the measurements can be seen in the table below.

	Cell Type
	  n                           Mean Expression                             SD of Expression

	Stem

Mesoderm

Neuronal
	11                                               10.2                                                     1.8

  9                                                 7.5                                                     1.5

11                                                 6.9                                                      2.2


[5] (a) Test if the mean gene expression is the same for each type of cell, using a significance level of 5%.

[2] (b) If your conclusion from part (a) were incorrect in reality, then what type of error would you have made? State what this would mean in the context of the example.

[10 Marks] Problem 3:

A relay racing team is made up of 4 runners. Each person runs 
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 of the race. One person begins the race, and then the second person is handed a baton and continues to run the race. They then pass the baton to the third person who runs their share and then hands the baton to the final runner who will finish the race. We will assume that the time each runner finishes their share of the race is independent and normally distributed with a mean of 10.5 seconds and standard deviation of 0.35 seconds.

[3] (a) What is the probability that the first runner finishes their share of the race in under 10 seconds?

[3] (b) What is the probability that at least one of the four runners finishes their share of the race in under 10 seconds?

[4] (c) The world record for a team total race time is 40 seconds. What is the probability that this team will break the world record?

[9 Marks] Problem 4:

A manufacturing company has 2 different instruments they use to measure the Rockwell hardness of an object. They believe that one of the instruments may not be working properly, and giving readings that are not completely accurate. To test this, they do the following. They take a large sheet of metal, and cut it into 60 different pieces, and randomly divide the pile in two. They believe it is safe to assume that the hardness of the metal is the same for any particular piece cut from the same sheet of metal. They measure the Rockwell hardness of 30 randomly selected pieces of metal using instrument 1 and find a sample mean hardness of 45.8 with a sample standard deviation of 1.2. They measure the hardness for the other 30 pieces of metal using instrument 2 and find a sample mean hardness of 46.2 with a sample standard deviation of 1.1. You may assume that the variances are equal.

[3] (a) Make and interpret a 90% confidence interval for the difference in the mean hardness readings using instrument 1 and instrument 2.

[1] (b) Based on this interval alone, would you reject or fail to reject the null hypothesis that the mean hardness readings are equal for the two measurement instruments .Make sure to justify your answer with a reason.

[5] (c) Complete a hypothesis test to decide if you think that the two measurement instruments result in significantly different readings in the hardness of an object. Use a significance level of 10%.

[9 Marks] Problem 5:

ipods have been criticized for having a battery that doesn’t last very long. I am interested in studying a few things about the mean lifetime of a fully charged battery. I randomly sample and test 32 ipods of the same model, and find a sample mean lifetime of 6.15 hours with a sample standard deviation of 45 minutes.

[3] (a) Make and interpret a 98% confidence interval for the true mean lifetime of a fully charged battery.

[2] (b) Suppose we wanted to make a 98% confidence interval with a margin of error no larger than 10 minutes. How large a sample should we take?

[4] (c) The company claims that the true mean lifetime of a fully charged battery is significantly greater than 6 hours. Test this claim using a significance level of 5%.

[7 Marks] Problem 6:

Suppose you have two part time jobs. You work as a barista at Blue Chip Coffee, as well as tutor a high school student in math. You get paid $9 per hour and $25 per hour respectively. In a month, the total number of hours worked at each job are independent normal random variables.

As a barista, on average you work 40 hours per month, with a standard deviation of 10 hours.

As a tutor, on average you work 15 hours per month, with a standard deviation of 3 hours.

What is the probability that your total monthly earnings for a given month exceed $850?

[12 Marks] Problem 7:
A multiple choice exam consists of 10 questions, each question having 4 possible answers to choose from. Suppose a student has not studied for the exam, and will make completely random guesses at the answer for each of the questions.

[3] (a) What is the probability that this student gets at least 3 answers on the exam correct?

[4] (b) Now consider an exam of 100 multiple choice questions with each question having 4 possible answers to choose from. If the student will make completely random guesses at all of the answers, what is the probability that they get at least 30 answers correct on the exam?

[5] (c) Consider the same 100 multiple choice questions exam. Define two events:

A =  the student got at least 30 answers correct on the exam,

B =  the student got at least 35 answers correct on the exam.

Are the two events independent? Are they disjoint? Explain your reasonings.

[11 Marks] Problem 8:
In this class last year, there were 211 students who wrote both the midterm exam and final exam. Below you can find summary statistics for the 211 students who wrote both exams.

The mean grade for the midterm was 80%

The standard deviation for the midterm grade was 16%

The mean grade for the final exam was 73%

The standard deviation for the final exam grade was 12%

The Pearson’s correlation between the two exam grades was 0.63

[4] (a) What final exam grade would you predict for a student who scored 65% on their midterm?

[2] (b) Write an interpretation of the slope in the context of this example.

[2] (c) Suppose that another students grades were added to the dataset. This student scored a 10% on the midterm and 92% on the final exam. Would this new observation affect the correlation, and if so, how?

[3] (d) Assuming that the final exam grades are normally distributed, what is the first quartile of the final exam grades?

[5 Marks] Problem 9:
An education researcher was interested in examining the effect of teaching method and the effect of the particular teacher on students' scores on a reading test. In a study, there were two different teachers (Juliana and John) and three different teaching methods (method A, method B, and method C). Two hundred and fifty students were randomly assigned to a teaching method and teacher.


[1] (a) For this experiment, identify the response variable.

[2] (b) Identify the factor(s).

[1] (c) Which of the following is a correct statement about the study?

A. This is a completely randomized design.

B. This study uses a placebo.

C. This study cannot justify a cause-and-effect relationship.

D. All of the above.

[1] (d) The researcher wants to compare the scores on the reading test between different treatment groups. Which of the following four display(s) is (are) appropriate for the comparison?

(1) two-way table

(2) side-by-side boxplots

(3) scatterplot

(4) bar graph

A. (2) only

B. (2) and (4) only

C. (1) and (3) only

D. (2), (3) and (4) only

[3 Marks] Problem 10:
A study of the survival of food-and-drink businesses obtained a sample from the telephone directory's Yellow Pages listings of food-and-drink businesses in greater Vancouver. The investigator of this study first drew a simple random sample of 4 cities in greater Vancouver. Then within each selected city, he randomly sampled 50 businesses.

For various reasons, the study got no response from 39.5% of the 200 businesses chosen.

Interviews were completed with 121 businesses that responded.

[1] (a) The population of interest to the investigator is

A. all food-and-drink businesses in greater Vancouver that are listed under the telephone directory's Yellow Pages.

B. all food-and-drink businesses in greater Vancouver.

C. the 200 businesses that were chosen by the investigator.

D. the 121 businesses that responded.

[1] (b) What is the statistic?

A. The proportion of all food-and-drink businesses in greater Vancouver listed under the telephone directory's Yellow Pages that failed within 3 years.

B. The proportion of all food-and-drink businesses in greater Vancouver that failed within 3 years.

C. The proportion of the 200 businesses sampled by the investigator that failed within

3 years.

D. The proportion of the 121 businesses that responded and failed within 3 years.

[1] (c)The sampling method that the investigator employed in choosing the 200 businesses is

A. simple random sampling

B. stratified random sampling

C. multistage sampling

D. systematic sampling
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