
STAT 110 FINAL EXAM

GROUND RULES:

• Print your name clearly at the top of this page.

• This is a closed-book and closed-notes exam. You can not use external notes of
any kind. You may use a calculator.

• This exam contains two parts:

– Part 1. Multiple Choice. 60 questions, 1 point each (60 points total)

– Part 2. Short Answer. 4 questions, 6 points (24 points total).

This exam is worth 84 points.

• Any discussion or inappropriate communication between you and another examinee,
as well as the appearance of any unnecessary material, will result in a very bad
outcome for you (it will be very bad).

• You have 2.5 hours to complete this exam.

HONOR PLEDGE FOR THIS EXAM:

After you have finished the exam, please read the following statement and sign your name
below it.

I promise that I did not discuss any aspect of this exam with anyone other than
the instructor, that I neither gave nor received any unauthorized assistance
on this exam, and that the work presented herein is entirely my own.
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MULTIPLE CHOICE. Circle the best answer. Make sure your answer is clearly
marked. Ambiguous responses will be marked wrong.

1. I decide to flip a fair coin 20 times. The first 19 tosses are heads. What is the
probability the last toss will be a head?

(a) 0.01
(b) 0.50
(c) 0.05
(d) 0.95

2. A confidence interval has the property that, in repeated samples from the population,
90% of the resulting intervals will contain the population parameter. What is the level
of confidence associated with an interval that has this property?

(a) 95%
(b) 90%
(c) 80%
(d) None of the above

3. In a telephone survey, we called 2,000 Columbia residents but we only get a complete
interview from 400 residents. What is the response rate, measured as a percentage?

(a) 20 percent
(b) 40 percent
(c) 50 percent
(d) 95 percent

4. We have computed the probability of an event to be 0.01. Which of the following
statements is correct?

(a) We would expect the event to occur about 99 percent of the time.
(b) The event is unlikely to occur.
(c) The event will never occur.
(d) In independent repetitions, the event will occur exactly 1 out of every 100 times.
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5. A large-scale Phase III clinical trial will study a new drug treatment for breast cancer.
Before the trial is approved by an institutional review board, the director of the trial
must demonstrate that she and her research team cannot say with certainty how the new
drug will compare to the currently used drug. This is known as

(a) control
(b) equipoise
(c) an ethical dilemna
(d) disharmonization

6. In STAT 110, student responses to the course evaluation question

How would you rate your instructor overall?

have predictive validity when assessing overall instructor effectiveness. What does this
mean?

(a) The correlation between responses to this question and teacher effectiveness is either
+1 or −1.
(b) Responses to this question contain measurement error and should not be used to rate
teacher effectiveness.
(c) Responses to this question can be used to describe how effective an instructor is.
(d) There is a causal relationship between responses to this question and instructor ef-
fectiveness.

7. I take a simple random sample (SRS) of n = 5 students from this class. What is the
defining characteristic of this SRS?

(a) Different students have different probabilities of being selected.
(b) The 5 students chosen are guaranteed to be representative of the class.
(c) Each sample of 5 students has the same probability of being selected.
(d) A student can not appear more than once in the sample.

8. What is a sampling distribution?

(a) It is a distribution that describes whether a variable is a valid representation of a
specific property that is to be measured on individuals.
(b) It is a distribution that describes how random numbers are generated.
(c) It is a population distribution for selecting a simple random sample.
(d) It is a probability model for a statistic.
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Use the information provided below to answer Questions 9-11.

One kind of dioxin (TCDD) was once thought to cause cancer and birth defects, but
subsequent research showed it to have only mild toxic effects except at very high exposure
levels. A recent study published in a leading journal in environmental science reported
the levels of TCDD of a sample of 55 veterans who may have been exposed to Agent
Orange during the Vietnam War. The TCDD levels are shown below.
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9. The median TCDD level is closest to

(a) 0
(b) 3
(c) 8
(d) 15

10. The interquartile range (IQR) is closest to

(a) 0
(b) 3
(c) 8
(d) 15

11. The shape of distribution of TCDD levels is best described as

(a) skewed left
(b) symmetric
(c) skewed right
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Use the information provided below to answer Questions 12-16.

In an obesity study, researchers deliberately overfed 16 young healthy adults for 8 weeks.
They measured the following variables on each young adult:

x = amount of energy used in non-exercise activities (measured in calories)

y = amount of fat gain (measured in kilograms).

Here is a scatterplot of the data with the least-squares regression line superimposed:
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I used R to calculate the equation of the least-squares regression line:

y = 3.5− 0.003x.

The correlation between energy use (x) and fat gain (y) is r = −0.78.

12. The square of the correlation is r2 = 0.61. What does this mean?

(a) It is the slope of the least squares regression line.
(b) It is the average squared distance from the points to the least-squares regression line.
(c) It is the probability one will gain more than the average weight.
(d) It describes what proportion of the variation in fat gain is explained by energy use.

Questions 13-16 are on the next page.
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13. Refer to the previous page. What would you predict the weight gain to be for a
healthy young adult who (as part of this study) burns no calories during non-exercise
activities; i.e., whose energy use is 0 calories?

(a) 3.5 kilograms
(b) 0.61 kilograms
(c) 0.78 kilograms
(d) 0 kilograms

14. Refer to the previous page. Add a new observation to the scatterplot

x = 600 calories

y = 4 kilograms.

If you added this observation and recalculated the least-squares regression line,

(a) the y-intercept would decrease and the slope would increase.
(b) the y-intercept would increase and the slope would increase.
(c) the y-intercept would decrease and the slope would decrease.
(d) the y-intercept would increase and the slope would decrease.

15. Refer to the previous page. What unit of measurement is attached to the corre-
lation r = −0.78?

(a) calories per kilogram
(b) kilograms
(c) calories
(d) None of the above

16. Refer to the previous page. If you reversed the roles of x and y in this example;
i.e., changed x and y to

x = amount of fat gain (measured in kilograms)

y = amount of energy used in non-exercise activities (measured in calories),

then what would happen to the correlation?

(a) The correlation would simply switch signs; i.e., r = 0.78.
(b) The correlation would remain negative but get closer to 0.
(c) The correlation would become positive and also get closer to 0.
(d) The correlation would stay the same.
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17. We say that a measurement process is if it systematically overstates
or systematically understates the true value.

(a) random
(b) biased
(c) confounded
(d) unreliable

18. Suppose the population proportion of Columbia residents who jog is 0.10. A simple
random sample (SRS) of 100 Columbia residents is taken and the sample proportion is
to be calculated. What is the standard deviation of the sampling distribution of this
sample proportion?

(a) 1
(b) 0.03
(c) 0.06
(d) 0.10

19. An observational study found conclusively that people with two cars live longer than
people who own only one car. Owning three cars is even better, and so on. In other
words, there is a strong positive correlation between

x = number of cars owned

y = length of life.

Which statement is likely true?

(a) Counting the number of cars is a valid way to measure how long someone will live.
(b) There is probably a negative correlation between the number of cars owned and other
variables related positively to length of life.
(c) People who can afford to own more cars likely have enough money to buy other goods
and services that are associated with living longer lives.
(d) Buying more cars causes people to live longer lives.

20. What happens if a histogram contains too few intervals on the horizontal axis?

(a) The mean and standard deviation will be affected.
(b) The histogram may not give a good graphical representation of the sample.
(c) The corresponding population density curve will not have total area equal to 1.
(d) All of the above.
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Use the information provided below to answer Questions 21-24.

Rasmussen Reports conducted a national telephone and online survey using a simple
random sample (SRS) of n = 1000 American adults. Each participant was asked:

Would you favor eliminating the Electoral College so that whoever wins a
majority of the popular vote wins the presidential election?

Among the 1000 adults sampled, 600 said they favor eliminating the Electoral College.

21. Which statement is true?

(a) The value of the population proportion is 0.60, and this is an estimate of the sample
proportion of American adults who favor eliminating the Electoral College.
(b) The value of the sample proportion is 0.60, and this is an estimate of the population
proportion of American adults who favor eliminating the Electoral College.
(c) The value of the sample proportion and the population proportion are both equal to
0.60. Each one is estimating the other.

22. Calculate the margin of error needed to write a 95% confidence interval for the
proportion of American adults who favor eliminating the Electoral College.

(a) 0.01
(b) 0.10
(c) 0.03
(d) 0.08

23. How would the margin of error for a 99% confidence interval compare to that in
Question 22?

(a) it would be larger
(b) it would be smaller
(c) it would be the same

24. Instead of using a SRS, suppose Rasmussen had first split the population of American
adults into Democrats, Republicans, and Independents, and then sampled 400, 400, and
200 from these groups, respectively. What type of sample is this?

(a) systematic sample
(b) convenience sample
(c) cluster sample
(d) stratified sample
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Use the information provided below to answer Questions 25-28.

People with diabetes must control their blood glucose level. The goal is to maintain a
“fasting plasma glucose level” between 90 and 130 milligrams per deciliter (mg/dl). In
a recent study, the fasting plasma glucose level was measured on a sample of n = 15
diabetes patients. Here are the data (already ordered from low to high):

78 95 103 112 134 141 145 147 153 158 172 172 200 271 359

Here is the five-number summary for these data:

quantile(glucose,type=2)

0% 25% 50% 75% 100%

78 112 147 172 359

25. Is the variable “fasting plasma glucose level” best described as quantitative or cate-
gorical?

(a) quantitative
(b) categorical

26. What is the mean fasting plasma glucose level for this sample of patients?

(a) 139
(b) 147
(c) 163
(d) 180

27. Using our 1.5 IQR rule, how many patients would be declared outliers?

(a) 0
(b) 1
(c) 2
(d) 3

28. The standard deviation of these 15 observations is s = 71.6 mg/dl. What does
this number measure?

(a) It is the “balance point” of the distribution.
(b) It is the “equal-areas point” of the distribution.
(c) It is the distance between the quartiles.
(d) None of the above.
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29. An optician wants to compare two brands of eye drops. He recruits 100 patients.
For each patient, he will randomly assign one brand of eye drops to the left eye and then
assign the other brand to the right eye. This randomization will be done separately for
each patient. What type of experimental design is this?

(a) completely randomized design
(b) stratified sampling design
(c) matched pairs design
(d) systematic design

30. The Registrar’s Office randomly selects 100 undergraduate students (from the 24,935
who attend USC at Columbia) and records the number of hours each student is currently
taking. The sample mean (from the 100 students sampled) is x = 13.2 hours. Is this
number a statistic or a parameter?

(a) statistic
(b) parameter

31. True or False. The margin of error for a sample survey includes only random
sampling error. It does not include nonsampling errors.

(a) True
(b) False

32. Here is a probability model for the color of peanut M&M’s sold in 1-lb bags:

Outcome Brown Red Yellow Blue Green Orange
Probability 0.20 0.20 0.20 0.20 0.10 ???

What is the missing probability for Orange M&M’s?

(a) 0.20
(b) 0.05
(c) 0.10
(d) None of the above
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33. In class, we discussed a study which found a strong negative correlation between

x = number of lemons imported from Mexico

y = highway fatality rate in the United States.

Which statement is true?

(a) The least-squares regression line for these two variables has a negative y-intercept.
(b) As the number of lemons imported from Mexico increases, the highway fatality rate
in the United States tends to decrease.
(c) Importing more lemons from Mexico causes drivers in the United States to have fewer
fatal accidents.
(d) As the number of lemons imported from Mexico increases, the highway fatality rate
in the United States tends to increase.

34. Which graphical display should we use to display the number of deportable (il-
legal/undocumented) immigrants caught by the United States Border Patrol each year
during 1971-2016? We would like to see if the trend is increasing, decreasing, or if it
remains the same over time.

(a) boxplot
(b) histogram
(c) line graph
(d) stemplot

35. True or False. The mean and standard deviation are strongly affected by outliers.
The median and quartiles are less affected.

(a) True
(b) False

36. Here are four statements concerning the correlation r. Three of these statements
contain an error. Which statement is correct?

(a) “Measuring the length and weight for each fish produced a correlation of r = 0.33,
which suggests a slightly curved relationship between the two variables.”
(b) “Researchers calculated the correlation between the number of bathing sessions dur-
ing a hospital stay and the total cost of the hospital stay to be r = 0.98, indicating a
very strong positive straight-line relationship.
(c) “The percentage of grasshopper-eaten plants and temperature was r = −0.56 degrees
Fahrenheit, indicating a moderate negative relationship between the two variables.”
(d) “The correlation between IQ score and starting salary is r = 0.75, suggesting that
higher IQ scores cause starting salaries to be larger.”
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37. True or False. A confidence interval describes the possible values of an unknown
population parameter.

(a) True
(b) False

38. A histogram for a large sample of SAT quantitative scores resembles a normal density
curve very closely. What is the shape of the histogram?

(a) symmetric
(b) leptokurtic
(c) skewed left
(d) skewed right

39. In class, we examined numerous histograms showing the distribution of quantita-
tive data (e.g., birth weights, arsenic levels, BMI measurements, etc.). When the data
were from a sample representative of a larger population, we sometimes superimposed a
population density curve over the histogram. Doing this was an illustration of what?

(a) statistical inference
(b) correlation
(c) margin of error
(d) regression

40. An agronomist records

x = amount of precipitation (in inches)

y = yield (in bushels/acre)

for a sample of plots of land. Despite the two variables showing a strong curved relation-
ship in a scatterplot, the correlation is only r = 0.08. He’s confused that the correlation
is so small. What would you tell him?

(a) “You need to square the correlation to see how strong the relationship is.”
(b) “Switch the variables. You will get a stronger correlation.”
(c) “If there is a strong relationship, then you probably calculated r incorrectly.”
(d) “The correlation does not describe curved relationships.”
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41. In the language of experiments, what is a treatment?

(a) a device used to separate subjects into blocks
(b) a type of randomization that makes different groups as balanced as possible
(c) an experimental condition given or applied to the individuals
(d) a form of statistical control

42. A measurement process has random error if repeated measurements on the same
individual give different results. If there is no random error, then what is the standard
deviation of these repeated measurements?

(a) The correct answer depends on whether the measurement process has predictive va-
lidity.
(b) If there is no random error, then the standard deviation will always be 0.
(c) The correct answer depends on whether the measurement process has bias and pre-
dictive validity.
(d) The correct answer depends on whether the measurement process has bias.

43. What does the law of averages say?

(a) The mean of a simple random sample should be equal to the median.
(b) The sample proportion p̂ will approach the population proportion p when the sample
size n becomes larger.
(c) The bias of a measurement process will not reduce the margin of error.
(d) The sampling distribution of statistics calculated from a simple random sample will
follow a normal distribution.

44. In the language of sample surveys, what is the main problem with voluntary re-
sponse samples?

(a) Nonsampling errors are more likely to occur when compared to probability samples.
(b) Voluntary response samples need to be twice as large as simple random samples to
accurately represent the population.
(c) Most participants will refuse to participate or adhere to the rules of the survey.
(d) This sampling design usually leads to severe undercoverage.
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45. IQ scores for American adults are normally distributed with mean µ = 100 and
standard deviation σ = 15. Ninety-five percent (95%) of the IQ scores will be between
what two values?

(a) −2 and 2
(b) 85 and 115
(c) 70 and 130
(d) 55 and 145

46. The United States Census Bureau collects information on the marital status of
American women (aged 18 and over). Is the variable “marital status” best described as
quantitative or categorical?

(a) quantitative
(b) categorical

47. What did the Tuskegee syphilis experiment, the Dr. Potty-led cancer clinical trial at
Duke, and the LaCour gay-marriage experiment all have in common?

(a) Each experiment was unable to control for the effects of confounding variables.
(b) Each experiment found a statistically significant difference between the control group
and the experimental group.
(c) Each experiment involved unethical research practices.
(d) Each experiment used explanatory variables that had low predictive validity.

48. I read this statement on a media web site:

Government has increased medical consultation fees for general practitioners
by one hundred percent, state media has reported.

What does this mean?

(a) Medical consultation fees have increased by 100 dollars per practitioner.
(b) This statement does not make sense. It is not possible for a quantity to increase by
100%.
(c) Medical consultation fees have doubled.
(d) Medical consultation fees have increased by 100 times their previous amount.
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49. The mean score for an exam in a large undergraduate statistics class is 74 and the
standard deviation is 8. Suppose you make a 62 on the exam. What is your standard
score?

(a) −0.5
(b) 0.5
(c) −1.5
(d) None of the above

50. Not only was the 2016 presidential election plagued by inaccurate polls, but the
1936 election between Landon (R) and Roosevelt (D) was too. Which magazine was
responsible for the biased prediction that Landon would win? (Recall that Roosevelt
won by a landslide.)

(a) US News and World Report
(b) National Politics Monthly
(c) The Guardian
(d) Literary Digest

51. What are the two parts of a confidence statement?

(a) proportion and mean
(b) bias and random error
(c) center and spread
(d) level of confidence and margin of error

52. I recorded the number of phone calls I received each day during the last five days:

5 4 5 9 7

Calculate the standard deviation of these 5 observations.

(a) 0
(b) 8
(c) 2
(d) 4
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53. A medical researcher obtained blood specimens from a simple random sample (SRS)
of 31 young children in New Delhi, India, all of whom were infected with malaria. What
group of individuals is the most reasonable choice to serve as the population in this
setting?

(a) all children in India
(b) all children in New Delhi, India, who have malaria
(c) all children in New Delhi, India
(d) the 31 children selected

54. I asked you read Judith Singer’s Chance paper, “Afraid to Discuss Evolution?” and
we discussed this paper in class. What was the main point of this article and discussion?

(a) Tax dollars from workers in the United States should not be used to fund schools
who teach creationism.
(b) Misinterpreting “chart junk” graphs can lead to decisions which affect how children
are taught in our nation’s high schools.
(c) The media should pay more attention to where published results come from.
(d) Properly designed experiments are our best hope at establishing cause and effect
relationships.

55. At a recent grant review panel on cancer clinical trials, one panel member (i.e., me)
said that “the investigators have yet to obtain approval from their institutional review
board.” What was the point of my objection?

(a) The authors had not provided evidence that the risk to study participants would be
minimized.
(b) The authors had not described how their sample sizes would be able to find statisti-
cally significant results.
(c) The authors had not ensured that all confounding variables would be eliminated.
(d) The authors had not described if their trial would be multi-center or housed all at
one common location.

56. A(n) is a sample survey that attempts to sample the entire population
of individuals.

(a) systematic questionnaire
(b) clinical trial
(c) experiment
(d) census
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57. A brand of storage batteries has lifetimes which follow a normal distribution with
mean µ = 3 years and standard deviation σ = 0.5 years. What percentage of batteries
will have lifetimes longer than 4 years?

(a) 16%
(b) 81.5%
(c) 5%
(d) 2.5%

58. One theory as to why the 2016 presidential pre-election polls were so biased in favor
of Hillary Clinton was that certain individuals, when asked who they intended to vote
for, would not answer the questions honestly (or they refused to answer them altogether).
This is an example of what?

(a) measurement error
(b) random sampling error
(c) nonsampling error
(d) systematic error

59. A food scientist samples 1000 adults who do not regularly eat oatmeal (or products
made from oatmeal) that are willing to participate in her study. She randomly assigns
500 adults to each diet below:

• Diet 1: Eat oatmeal every morning for breakfast.

• Diet 2: Carry on with their usual breakfast eating habits.

After 6 months, she calculates the change in the level of bad cholesterol (LDL) for each
adult in the study.

Is this an observational study or an experiment?

(a) observational study
(b) experiment

60. Refer to Question 59. The researcher finds that the difference in the mean LDL
change between the two groups is so large that it is likely not explained by random
chance. She has observed a(n) result.

(a) reliable
(b) statistically significant
(c) valid
(d) unbiased
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SHORT ANSWER. Give detailed responses. Please write clearly and legibly.

SA1. During the semester, we have used the term “innumeracy,” as described in Dr.
Best’s book Damned Lies and Statistics. First, explain what innumeracy means. Second,
give a real-life example where innumeracy might arise. Your example can be one that we
discussed in class or you can make up your own.
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SA2. Is drinking coffee more efficient in lowering blood alcohol content (BAC) than
simply waiting after alcohol consumption? Suppose we recruit 30 subjects to participate
in an experiment (18 men and 12 women). Each subject agrees to drink alcohol until
their BAC reaches 0.08. At that point, each subject will be randomized to one of the
following groups:

• Group 1: Drink coffee and wait

• Group 2: Do not drink coffee and wait.

Each subject’s BAC will then be measured 2 hours later.

(a) Describe the design of a completely randomized experiment to learn about the effect
of drinking coffee on BAC.

(b) Describe the design of a block experiment by considering men and women separately.

(c) Other than sex (gender), list 2 additional factors/variables that may be confounders.
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SA3. A serious side effect of cold and allergy medicines is that they can cause drowsiness,
which makes them dangerous for industrial workers. In recent years, “nondrowsy” cold
and allergy medicines have been developed. One such product is Hismanal. In a con-
trolled study, out of n = 400 workers that took Hismanal, 120 experienced drowsiness.
Treat these 400 workers as a simple random sample (SRS) from a large population of
industrial workers.

(a) Calculate the sample proportion of workers who experienced drowsiness with His-
manal.

(b) Calculate a 99% confidence interval for the population proportion of industrial work-
ers who experience drowsiness with Hismanal. Interpret this interval using one well-
written sentence.

(c) Would you expect the population proportion of industrial workers who experience
drowsiness with Hismanal to be greater than 0.5? Use your interval in part (b) to answer
this question.
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SA4. A local meteorologist, who is predicting whether a Category 4 or 5 hurricane will
hit South Carolina next year, says,

“It has been almost 30 years since Hurricane Hugo hit South Carolina in 1989.
The law of averages says that we are probably due for another Category 4 or
5 hurricane in the next year or so.”

(a) Do you agree with using the law of averages to justify this prediction? Explain.

(b) One of the meteorologist’s colleagues constructs a probability model for the size of
the largest hurricane to hit South Carolina next year (during 2017):

Outcome Cat <1 Cat 1 Cat 2 Cat 3 Cat 4 Cat 5
Probability 0.60 0.30 0.06 0.02 0.01 0.01

The outcome “Cat <1” means that there is no hurricane at least as large as a Category
1 to hit next year.

According to this model, what is the probability that a Category 4 or 5 hurricane will
hit South Carolina next year? Explain what “probability rule” you are using to arrive
at your answer.

Use the next page if you need more space.
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