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Practice Question 1 

A university admissions officer wonders if grade point average (GPA) differs between AP 
Calculus and AP Statistics students admitted to her university. To explore this question, she 
selects a random sample of 20 AP Calculus and 10 AP Statistics students admitted to the 
university that year.

a. There were 350 students admitted to the university that year who took the AP

b. Below are the results for the 20 AP Calculus students in the sample.

What are the appropriate measures of center and variability for this distribution? 
Explain your choice. 

Calculus exam and 220 who took the AP Statistics exam. Explain how the
admissions officer could obtain a random sample of 20 admitted students from
the 350 students who took the AP Calculus exam.



c. Below are boxplots of the results from the sample. Use them to compare the
distributions of grade point average (GPA) for the samples of AP Calculus and AP
Statistics students admitted to this university.

d. The summary statistics for the sample data are given below.

The hypothesis test the admissions officer would like to use to analyze the 
results of her study is a Two-Sample t-test for a Difference in Population Means. 
State the hypotheses that the admissions officer would use to determine if there 
is a significant difference in mean grade point average (GPA) for AP Calculus and 
AP Statistics students admitted to this university. (It goes without saying that you 
should define any parameters you use!) 

e. Which validity condition for this test is not met? Why?

 sample of 20 AP Calculus students admitted to the f. Let xC represent the mean GPA for a

university, and let xS represent the mean GPA for a sample of 10 AP Statistics students 

admitted to the university. Under the assumption that the null hypothesis is true, 200 
values of −x xC S  were simulated. The dotplot below shows the results of the 

simulation. 



g. Base on your decision in part (f)

i. What type of error is possible (Type I or Type II)?

ii. What is a potential consequence of this type of error?

iii. To reduce the probability of the type of error noted in (i), would
you (increase, decrease, not change) the alpha-level? Explain.

Use the results of this simulation to explain why you think the sample provides 
or does not provide evidence of a difference in mean GPA’s for AP Calculus and 
AP Statistics students admitted to this university. 



Practice Question 2 

A researcher wants to conduct a study to test whether listening to soothing music for 20 
minutes helps to reduce diastolic blood pressure in patients with high blood pressure, 
compared to simply sitting quietly in a noise-free environment for 20 minutes. One 
hundred patients with high blood pressure at a large medical clinic are available to 
participate in this study.

a) What is the explanatory variable?  What is the response variable? 

b) Propose a design for this study to compare these two treatments.

c) Explain how you would randomly assign the volunteers to the soothing music or quiet
group.

d) What statistical test would you perform to determine if there is a significant difference
in the mean reduction of diastolic blood pressure for the two treatments?



e) Verify that the validity conditions necessary for the test you noted above are met.

f) The null hypothesis for this study is that there is no difference in the mean reduction of
diastolic blood pressure for the two treatments and the alternative hypothesis is that
the mean reduction in diastolic blood pressure is greater for the music treatment. If the
null hypothesis is rejected, the clinic will offer this music therapy as a free service to
their patients with high blood pressure.

a. Describe a Type I error and a possible consequence of it in the context of this
study.

b. Describe a Type II error and a possible consequence of it in the context of this
study.

c. Discuss which type of error you think is more serious and why.

g) If the results of the study are significant, can you attribute a cause-and-effect
relationship between the environment (soothing music or quiet) and blood pressure?

h) To what group can you generalize the results of this study?



Practice Question 3 

Let the random variable X represent the number of telephone lines in use by the technical 
support center of a software manufacturer at noon each day. The probability distribution of X is 
shown in the table below.

x 0 1 2 3 4 5 
P(x) 0.35 0.20 0.15 0.15 0.10 0.05 

a) The expected value (mean) and standard deviation of the number of lines in use this
support center expects to have at noon each day are 1.60 and 1.56 lines, respectively.
Explain their meaning in this context.

b) Using past records, the staff at the technical support center randomly selected 20 days
and found that an average of 1.25 telephone lines were in use at noon on those days.
The staff proposes to select another random sample of 1,000 days and compute the
average number of telephone lines that were in use at noon on those days. How do you
expect the average from this new sample to compare to that of the first sample? Justify
your response.

c) The median of a random variable is defined as any value x such that P(X ≤ x) ≥ 0.5 and
P(X ≥ x) ≥ 0.5. For the probability distribution shown in the table above, determine the
median of X.



d) In a sentence or two, comment on the relationship between the mean and median
relative to the shape of this distribution.

e) What is the probability that 3 or more lines are in use at noon?

f) What is the probability that at least 1 line is in use at noon?

g) Given that 3 or more lines are in use at noon, what is the probability that all 5 are in
use?

h) You are interested in finding the probability that on exactly 2 out of the next 5 days
there are no lines in use at noon. Assuming that each day is independent of the next, to
calculate the probability that on exactly 2 out of the next 5 days there are no lines in use
at noon,

a. What distribution would you use to calculate this probability and what are the
parameters of the distribution?

i) Suppose you come by every day at noon to see how many lines are in use. You would
like to calculate the chances that you don’t find all 5 in use until your 7th visit.

a. What distribution would you use to calculate this probability and what are the
parameters of the distribution?



j) Recall that the expected value (mean) and standard deviation of the number of lines in
use this support center expects to have at noon each day are 1.60 and 1.56 lines If each
call lasts an average of 3.75 minutes, show how you would calculate each of the
following:

Do not do the calculation. Use sqrt (value) with the appropriate value to indicate the
square root of a value and (value) ^ power to represent a value raised to a power.

a. The mean of the total number of call minutes this support center expects to have
at noon.

b. The standard deviation of the total number of call minutes this support center
expects to have at noon.

k) If another support center has a mean of 2.1 calls and a standard deviation of 1.8 calls,
show how you would calculate each of the following.

Do not do the calculation. Use sqrt (value) with the appropriate value to indicate the
square root of a value and (value) ^ power to represent a value raised to a power.

a. the mean of the total number of calls of both centers at noon.

b. the standard deviation of the total number of calls of both centers at noon.



Practice Question 4 

Multiple Sclerosis (MS) is a potentially disabling disease of the brain and spinal cord (central 
nervous system). In MS, the immune system attacks the protective sheath (myelin) that 
covers nerve fibers and causes communication problems between your brain and the rest of 
your body. MS tends to strike more often the farther people live from the equator. 
Researchers are interested in whether vitamin D, which most people get from the sun’s 
ultraviolet rays, might be a factor in MS.

a) Researchers conducted two different types of observational studies.
i. In one study, researchers compared vitamin D levels in blood samples from a 

random sample of 150 U.S. military personnel who have developed MS with 
blood samples of a random sample of 300 who have not. What type of 
observational study was this?

ii. In another study, researchers obtained a random sample of 500 U.S. military 
personnel who did not have MS. They measured the vitamin D level for each of 
the subjects. They plan to follow the group for ten years and at the end of that 
time period compare the vitamin D levels in those that were diagnosed with MS 
at the end of the study with those who were not. What type of observational 
study was this?

iii. Explain why neither of these studies meets the criteria of an experiment. 

Researchers are interested in conducting an experiment to determine whether vitamin D in 
patients diagnosed with MS will have an effect on their long-term cognitive ability (general 
mental capability involving reasoning, problem solving, planning, abstract thinking, complex 
idea comprehension, and learning from experience) as measured by the Paced Auditory Serial 
Addition Test (PASAT). 

They have identified 100 adults with MS who have volunteered to take part in the study. They 
plan to have two treatment groups – 600 units (IU) vitamin D per day, and 2,000 IU vitamin D 
per day. They will administer the PASAT test before beginning the study and one year later, at 
the end of the study and compare the proportion in each group whose score on the PASAT did 
not decline. 



b) Explain how you would carry out a completely randomized experiment for this study.

c) Can the experimental design in (b) be carried out in a double-blind manner? Explain.

d) What is a potential advantage to adding a group that receives a placebo?

e) What statistical test would you perform to determine if there is a significant difference
in the proportion of MS patients whose score on the PASAT would not decline for the
two different levels of vitamin D supplements.

f) State, in words, the hypotheses you would use for this test.

g) If the results of the test are statistically significant, can you attribute a cause-and-effect
relationship between the amount of vitamin D (600 IU or 2,000 IU) taken per day and
whether or not the PASAT score decreases?



Additional research indicates that smoking can also have an effect on long-term cognitive ability 
in patients with MS. 

h) Explain how random assignment to the treatment groups helps to control for this
potential confounding variable.

i) What added advantage over the original design would an experimental design that
incorporates blocking on whether or not the subject with MS smokes provide?



Practice Question 5 

An online poll reported that 25% of respondents subscribe to the “five-second rule.” That 
is, they would eat a piece of food that fell onto the kitchen floor if it was picked up within 
five seconds. Let’s assume this figure is accurate for the entire U.S. adult population, and 
we select 20 people at random from this population and ask them if they subscribe to the  
five-second rule. We would like to find the probability that 8 or more of the 20 adults 
sampled subscribe to the five-second rule.

a. Why would it not be appropriate to use a normal distribution to calculate this 
probability? 

b. State the distribution you would use to calculate this probability and the
parameters of this distribution.

You decide to obtain a random sample of 100 U.S. adults and ask them whether or not 
they subscribe to the 5 second rule.  

c. Describe the sampling distribution of the sample proportion of U.S. adults in a
sample of size n= 100 that would answer that they subscribe to the 5 second
rule.

Note: Do not do any calculation or simplification. If you are typing your
answer, use sqrt(value) to indicate the square root of a value.



Of the 100 U.S. adults in the sample, 28 replied that they subscribe to the 5 second rule. 
To determine if there is sufficient evidence that the proportion of U.S. adults who 
subscribe to this rule has increased from the claimed 25%, you conduct a one-
proportion z-test with hypotheses 
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>

and obtain a standardized statistic of z = 0.69. 

d. Interpret the meaning of the obtained standardized statistic of z = 0.69 in this
context.

e. State the p-value for this test.

f. What conclusion would you make at the 5% significance level?

g. Interpret the meaning of the p-value you obtained in part (e) in the context of
this study.

h. One of the conditions for this test is that the sample size is less than or equal to
10% of the population. What is the reason for this condition?



Practice Question 6 

The stated calorie content on packages for a Healthy Eating chicken dinner is 240 calories with 
population standard deviation of 10 calories. Many consumers pay close attention to the 
nutritional value and calorie count of foods when making a purchase, so it is important for the 
package information to be accurate. During the production process, a random sample of 12 
packages of Healthy Eating chicken dinners was selected and the calorie content of each was 
found. Below is a graph and summary statistics for the sample data.

Minimum Mean Median Maximum Std Dev IQR 
225 calories 244.3 calories 244.5 calories 265 calories 12.4 calories 17 calories 

(A) Describe the sampling distribution of the sample mean number of calories in a Healthy
Eating chicken dinner for samples of size n = 12 from this production process.

(B) Identify the significance test you would use to determine whether there is sufficient
evidence that the mean number of calories in Healthy Eating chicken dinners from this
production process is greater than the 240 calories advertised on the product package.

(C) State the hypotheses you would use for the test in part (B).

(D) A standardized statistic of t11 = 1.21 was calculated for the above hypothesis test.
Interpret the meaning of the obtained standardized statistic in this context.

(E) In which of the following intervals is the p-value for this significance test?
a. P-value < 0.01
b. 0.01 < P-value < 0.05
c. 0.05 < P-value < 0.10
d. P-value > 0.10



(F) Is there evidence at the 5% significance level that the mean number of calories in
Healthy Eating chicken dinners from this production process is greater than the 240
calories advertised on the product package? Justify your response.

(G) Interpret the meaning of the P-value you obtained in part (E) in the context of this
study.

(H) One of the conditions for using a t-test is that the distribution of the sample statistic is
approximately normally distributed.
This condition is reasonably met if

- the population distribution is approximately normal or
- the sample size is large enough (typically n ≥ 30) for the Central Limit Theorem to

apply.

For this study, we are not given information regarding the shape of the population and 
our sample size is small (n = 12). How can we check if this condition is reasonably met 
and what information does this check provide us about the shape of the population? 
Explain. 



Answer Key for Practice Question 1 

A university admissions officer wonders if grade point average (GPA) differs between AP Calculus 
and AP Statistics students admitted to her university. To explore this question, she selects a random 
sample of 20 AP Calculus and 10 AP Statistics students admitted to the university that year.

a. There were 350 students admitted to the university that year who took the AP Calculus 
exam and 220 who took the AP Statistics exam. Explain how the admissions officer could 
obtain a random sample of 20 admitted students from the 350 students who took the 
AP Calculus exam. 

Assign each AP Calculus student a unique number between 1 and 350. 

Use a calculator or computer to generate 20 unique random numbers in the range of 1 – 350. 

Match the 20 random numbers generated to the students they represent and use these students as your 
sample. 

b. Below are the results for the 20 AP Calculus students in the sample.

What are the appropriate measures of center and variability for this distribution? 
Explain your choice. 

Because the distribution of GPA’s for these students is extremely skewed with potential 
outliers at 3.1, 3.4, and 3.5, the median would be the appropriate measure of center and 
the IQR the appropriate measure of variability because both are resistant to extreme 
values in the data. 

c. Below are boxplots of the results from the sample. Use them to compare the
distributions of grade point average (GPA) for the samples of AP Calculus and AP
Statistics students admitted to this university.



AP Calculus students in the sample tend to have higher GPA’s than the AP Statistics 
students; the median GPA for the sample of AP Calculus students is about 3.9 (high A) 
compared to about 3.2 (low B) for the AP Statistics students. In fact, the median GPA for 
stats would be in the lower quartile of the calc distribution and possibly a low outlier. 

There is much more variability in the GPA’s for the statistics students than for the 
calculus students, with both a larger IQR and range. 

The distribution of GPA’s for the stat students is fairly symmetric while that of the calc 
students is skewed to the left with a low outlier at about 3.1. 

d. The summary statistics for the sample data are given below.

The hypothesis test the admissions officer would like to use to analyze the results of her 
study is a Two-Sample t-test for a Difference in Population Means. State the hypotheses 
that the admissions officer would use to determine if there is a significant difference in 
mean grade point average (GPA) for AP Calculus and AP Statistics students admitted to 
this university. (It goes without saying that you should define any parameters you use!) 

: 0

: 0
o APCalculus AP Statistics

a APCalculus AP Statistics

H

H

µ µ

µ µ

− =

− ≠

where APCalculus AP Statisticsµ µ− represents the population difference in mean GPAS for students who 

would be admitted to this university who took the AP Calculus and students who took the AP Statistics 
exams. 

e. Which validity condition for this test is not met? Why?

The sample size for AP Calculus GPA’s is only 20 (less than the 30 required for the CLT to
apply) and the boxplot of the data shows that there is an outlier, so the distribution of
the differences in sample mean GPA’s may not be bell-shaped enough for the t-
distribution to be a good model for it.

f. Let Cx  represent the mean GPA for a sample of 20 AP Calculus students admitted 

to the university, and let Sx  represent the mean GPA for a sample of 10 AP Statistics 
students admitted to the university. Under the assumption that the null hypothesis is 
true, 200 values of C Sx x−  were simulated. The dotplot below shows the results of 
the simulation. 



Use the results of this simulation to explain why you think the sample provides or does 
not provide evidence of a difference in mean GPA’s for AP Calculus and AP Statistics 
students admitted to this university. 

The sample difference in mean GPA’s for AP Calculus and AP Statistics students is 
3.805 – 3.16 = 0.645.  

Under the simulation of 200 trials of the null hypothesis (no difference in the mean GPA’s 
for AP Calculus and AP Statistics students admitted to this university), there is only one 
simulated difference in mean GPA’s at or above the 0.645 observed in the data, and no 
values at or below -0.645. 

For this simulation, our simulated p-value would be 1/200 or 0.005. This p-value is below 
most standard alpha-levels, so the sample provides evidence of a difference in the mean 
GPA’s for the population of AP Calculus and AP Statistics students who would be 
admitted to this university. 

g. Base on your decision in part (f)
i. What type of error is possible (Type I or Type II)?

Because we would reject the null hypothesis, a Type I error is possible.

ii. What is a potential consequence of this type of error?
A potential consequence of this type of error is that the university thinks the AP
Statistics students are not as strong academically as the AP Calculus students
and stop awarding college credit for this AP.

iii. To reduce the probability of the type of error noted in (i), would you would
(increase, decrease, not change) the alpha-level? Explain.

A type I error occurs when we mistakenly reject the null hypothesis. The
probability of rejecting the null, in the long-run, is equal to the alpha-level. If we
decrease the alpha-level, then in the long-run we will reject the null less often
and the probability of a type I error will decrease.



Answer Key for Practice Question 2 

A researcher wants to conduct a study to test whether listening to soothing music for 20 
minutes helps to reduce diastolic blood pressure in patients with high blood pressure, 
compared to simply sitting quietly in a noise-free environment for 20 minutes. One hundred 
patients with high blood pressure at a large medical clinic are available to participate in this 
study.  

a) What is the explanatory variable?  What is the response variable?
Explanatory variable:  setting (music or quiet)
Response variable: change in diastolic blood pressure

b) Propose a design for this study to compare these two treatments.
• Obtain a baseline blood pressure reading for each of the 100 volunteers.

Randomly assign 50 volunteers to the music group and 50 to the quiet group. Do this by
putting 50 same-sized slips of paper with the letter "A" on them and 50 with the letter
"B" on them into a container and mix well. Have each volunteer pick a slip of paper out
of the container without replacing it. Those volunteers with "A" will be in the music
group and those with "B" will be in the quiet group.

• Have the volunteers in the music group each sit in a private room with soothing music
being pipe in for 20 minutes. Have the volunteers in the quiet group each sit in a private
room in complete silence for 20 minutes.

• At the end of the 20 minutes take each volunteer's BP and calculate the Before -After
diastolic BP. Compare the mean difference in before-after diastolic BP for the music and
quiet groups.

c) Explain how you would randomly assign the volunteers to the soothing music or quiet
group.
Randomly assign 50 volunteers to the music group and 50 to the quiet group. Do this by
putting 50 same-sized slips of paper with the letter "A" on them and 50 with the letter "B"
on them into a container and mix well. Have each volunteer pick a slip of paper out of the
container without replacing it. Those volunteers with "A" will be in the music group and
those with "B" will be in the quiet group.

d) What statistical test would you perform to determine if there is a significant difference
in the mean reduction of diastolic blood pressure for the two treatments?
Two-sample t-test for a difference in population means.



e) Verify that the validity conditions necessary for the test you noted above are met.
• Volunteers were randomly assigned to either the soothing music or the quiet group so the

groups should be independent, and if results are significant, a cause-and-effect relationship
can be established.

• Both groups have 50 subjects so the CLT applies (n >30); so the distribution of the
differences in sample means will be approximately normally distributed. Ok to use a t-test.

f) The null hypothesis for this study is that there is no difference in the mean reduction of
diastolic blood pressure for the two treatments and the alternative hypothesis is that
the mean reduction in diastolic blood pressure is greater for the music treatment. If
the null hypothesis is rejected, the clinic will offer this music therapy as a free service to
their patients with high blood pressure.

a. Describe a Type I error and a possible consequence of it in the context of this
study.
You reject the null and think that soothing music helps reduce BP when it actually does
not. You prescribe soothing music to patients with high BP instead of a drug to reduce it
and it doesn't work. They could potentially suffer a heart attack and die.

b. Describe a Type II error and a possible consequence of it in the context of this
study.
You would fail to reject the null and think that the music does not decrease BP any
better than quiet. A consequence will be that people with high BP are not offered music
therapy when it actually could help reduce their BP and could have heart attacks and
die.

c. Discuss which type of error you think is more serious and why.
I would say Type I because patients may use music therapy as their only treatment for
reducing BP when it actually doesn't help causing severe health problems. (Some
might say Type II because you waste time and money on music therapy when it
doesn't actually work.)

g) If the results of the study are significant, can you attribute a cause-and-effect
relationship between the environment (soothing music or quiet) and blood pressure?
es, you can attribute a cause-and-effect relationship between the environment (soothing
music or quiet) and blood pressure because a controlled, randomized experiment was done.
Volunteers were randomly assigned to the music or quiet group (control) and there were 50
subjects in each group with a protocol that could be replicated.
(Control/Randomization/Replication.)

h) To what group can you generalize the results of this study?
Since the experiment utilized volunteers, you could possibly generalize the results to patients with high
blood pressure similar to those in the study who are willing to participate in a study such as this.



Answer Key for Practice Question 3 

Let the random variable X represent the number of telephone lines in use by the technical 
support center of a software manufacturer at noon each day. The probability distribution of X is 
shown in the table below. 

x 0 1 2 3 4 5 
P(x) 0.35 0.20 0.15 0.15 0.10 0.05 

a) The expected value (mean) and standard deviation of the number of lines in use this
support center expects to have at noon each day are 1.60 and 1.56 lines, respectively.
Explain their meaning in this context.
The long-run expected number of lines in use at this support center at noon each day is 1.60
lines. The number of lines in use at noon each day will deviate from the expected number of
1.60 lines by 1.56 lines, on average.

b) Using past records, the staff at the technical support center randomly selected 20 days
and found that an average of 1.25 telephone lines were in use at noon on those days.
The staff proposes to select another random sample of 1,000 days and compute the
average number of telephone lines that were in use at noon on those days. How do
you expect the average from this new sample to compare to that of the first sample?
Justify your response.
I would expect the average from the sample of 1,000 days to be closer to the long-run
expected value of 1.60 lines (so greater than the 1.25 lines from the sample of size 20) because
larger sample sizes will produce samples with less sample-to-sample variability so that samples
should be closer to the population parameter, in this case 1.60 telephone lines in use.

c) The median of a random variable is defined as any value x such that P(X ≤ x) ≥ 0.5 and
P(X ≥ x) ≥ 0.5. For the probability distribution shown in the table above, determine the
median of X.
The median value (50th percentile) is 1 telephone in use.

d) In a sentence or two, comment on the relationship between the mean and median
relative to the shape of this distribution.
The mean is 1.60 telephone lines and the median is 1 telephone line. Since the mean is greater
than the median, it suggests that the distribution shape is skewed to the right.



e) What is the probability that 3 or more lines are in use at noon?
P( 3 or greater) = 0.15 + 0.10 + 0.05 = 0.3

f) What is the probability that at least 1 line is in use at noon?
P( 1 or greater) = 1 - P(none) = 1 - 0.35 = 0.65

g) Given that 3 or more lines are in use at noon, what is the probability that all 5 are
in use?
P( all 5 in use | 3 or more in use) = 0.05/0.3 = 0.1667

h) You are interested in finding the probability that on exactly 2 out of the next 5 days
there are no lines in use at noon. Assuming that each day is independent of the next, to
calculate the probability that on exactly 2 out of the next 5 days there are no lines in use
at noon,

a. What distribution would you use to calculate this probability and what are the
parameters of the distribution?
Binomial distribution. Parameters are n = 5, p = 0.35

i) Suppose you come by every day at noon to see how many lines are in use. You would
like to calculate the chances that you don’t find all 5 in use until your seventh visit.

a. What distribution would you use to calculate this probability and what are
the parameters of the distribution?
Geometric Distribution. Parameter is p = 0.05

j) Recall that the expected value (mean) and standard deviation of the number of lines in
use this support center expects to have at noon each day are 1.60 and 1.56 lines If each
call lasts an average of 3.75 minutes, show how you would calculate each of the
following:

Do not do the calculation. Use sqrt (value) with the appropriate value to indicate the
square root of a value and (value) ^ power to represent a value raised to a power.

a. The mean of the total number of call minutes this support center expects to have
at noon.
Mean call minutes = 3.75 * 1.60 = 6 minutes

b. The standard deviation of the total number of call minutes this support center
expects to have at noon.
Std dev = 1.56 * 3.75 = 5.85 minutes



k) If another support center has a mean of 2.1 calls and a standard deviation of 1.8 calls,
show how you would calculate each of the following.

Do not do the calculation. Use sqrt (value) with the appropriate value to indicate the
square root of a value and (value) ^ power to represent a value raised to a power.

a. the mean of the total number of calls of both centers at noon.
Mean total = 1.6 + 2.1 = 3.7 calls

b. the standard deviation of the total number of calls of both centers at noon.
Sqrt(1.56^2 + 1.8^2) is approximately 2.382 calls



Retrospective study - looking at past data

Prospective study - following a group over time

These are observational studies and not experiments because the explanatory variable (Vitamin 
D) is not randomly assigned to the subjects (no treatment) and there is also no comparison 
(control) group.

Give all subjects the PASAT test as a baseline.1)
Randomly assign 50 of the volunteers to take 600 IU Vitamin D/day and 50 to take 2,000 
IU Vitamin D/day. 
You could do this by assigning each volunteer a unique number between 1 and 100.
Use a calculator to generate 50 random numbers between 1 and 100 without repeats.
The 50 volunteers corresponding to the numbers chosen will be put in the 600 IU/day
group and the remaining 50 in the 2,000 IU/day group.

2)

At the end of 1 year, re-administer the PASAT to all of the volunteers. Calculate the
difference in score (before-after) for each volunteer and record it as "No declined in
score" or "decline in score". Compare the proportion who did not decline in score for
those in the 600 IU/day group and those in the 2,000 IU/day group.

3)

Answer Key for Practice Question 4 



Yes, the experiment can be double-blind provided that the supplements look the same and that
neither the volunteers or those administering the treatments know which is the 600 IU and
which the 2,000 IU vitamin.

A potential advantage to adding a placebo is that you will have information on whether either 
of the supplement groups is more advantageous with stopping decline in cognitive ability than
no treatment at all.

Two-Proportion z-test for a Difference in Population Proportions

Null Hypothesis:  There is no difference in the long-run proportion of patients with MS that 
would not experience decline in cognitive abilities in the 600 IU/day Vitamin D group and the 
2,000 IU Vitamin D/day group.

Alternative Hypothesis: There is a difference  in the long-run proportion of patients with MS 
that would not experience decline in cognitive abilities in the 600 IU/day Vitamin D group and 
the 2,000 IU Vitamin D/day group.

Because a controlled (2 treatments for comparison; 600 IU and 2000 IU), randomized (subjects 
were randomly assigned to one of the two treatment groups) was performed, if the results are 
significant, a cause-and-effect relationship between the amount of Vitamin D and whether or 
not the subject's PASAT score declined can be attributed.



Random assignment to treatment groups helps to balance out the effects of any variables not 
controlled for in the design of the experiment. That way, the effect of these variables acts fairly 
equally on both groups (cancelling out their effect) so that any difference observed can be 
attributed to the treatment received.

If there is reason to expect that smoking is a contributing factor to MS symptoms, by blocking 
on this variable there will be less "within group" variability in the treatment groups making it
easier to detect a difference between the groups if one exists.



Answer Key for Practice Question 5 

An online poll reported that 25% of respondents subscribe to the “five-second rule.” That is, they 
would eat a piece of food that fell onto the kitchen floor if it was picked up within five seconds. 
Let’s assume this figure is accurate for the entire U.S. adult population, and we select 20 people at 
random from this population and ask them if they subscribe to the 5 second rule. We would like to 
find the probability that 8 or more of the 20 adults sampled subscribe to the 5 second rule.

a. Why would it not be appropriate to use a normal distribution to calculate this 
probability?
In order to use a normal distribution to model a binomial probability, the expected 
number of successes and failures both need to be at least 10 for the sampling 
distribution of the sample statistic to be approximately normal. The number of 
expected successes 0.25(20) = 5 is less than the required 10, so the sampling 
distribution will not be approximately normal.

b. State the distribution you would use to calculate this probability and the parameters of 

this distribution.

Binomial Distribution

Parameters: n = 20, p = 0.25 

You decide to obtain a random sample of 100 U.S. adults and ask them whether or not they 
subscribe to the 5 second rule.  

c. Describe the sampling distribution of the sample proportion of U.S. adults in a sample of
size n= 100 that would answer that they subscribe to the 5 second rule.

Note: Do not do any calculation or simplification. If you are typing your answer, use
sqrt(value) to indicate the square root of a value.

Center: The mean of the sampling distribution of sample proportions will be centered
at the population proportion of 0.25 (because the sample proportion is an unbiased
estimator of the population proportion).

Variability: the standard deviation of the sampling distribution of the sample
proportion is sqrt(0.25*0.75/100).

Shape: The expected number of successes (.25*100 = 25) and expected number of
failures (0.75*100 = 75) are both greater than 10, so the sampling distribution of the
sample proportion will be approximately normally distributed.



Of the 100 U.S. adults in the sample, 28 replied that they subscribe to the 5 second rule. To 
determine if there is sufficient evidence that the proportion of U.S. adults who subscribe to this 
rule has increased from the claimed 25%, you conduct a one-proportion z-test with hypotheses 

0 : 0.25
: 0.25a

H p
H p

=
>

and obtain a standardized statistic of z = 0.69. 

d. Interpret the meaning of the obtained standardized statistic of z = 0.69 in this context.

A sample statistic of 28/100 or 0.28 would be 0.69 standard deviations above the

mean of the sampling distribution (centered at p = 0.25) of  U.S. adults who would

subscribe to the 5-second rule.

e. State the p-value for this test.

p-value is approximately 0.245

You do not need to show how you obtained the p-value, but you could use the z-
table from the formula sheet or your calculator. 



f. What conclusion would you make at the 5% significance level?

Because the obtained p-value of 0.24 is greater than our alpha-level of 0.05, there is not

sufficient evidence that the proportion of U.S. adults who subscribe to the 5-second

rule has increased from the claimed 25%.

g. Interpret the meaning of the p-value you obtained in part (e) in the context of this study.

The p-value of 0.244 is the probability of obtaining a sample statistic of 28 out of 100 or
more U.S. adults who subscribe to the 5-second rule if the null is true and the
proportion of U.S. adults who subscribed to this rule has not changed from the claimed
25%.

h. One of the conditions for this test is that the sample size is less than or equal to 10% of
the population. What is the reason for this condition?

When we are sampling without replacement from a finite population, the probability of 
success is not exactly the same for each trial (since the denominator is not fixed), so the 
independent trials assumption is not met. However, if our population size is large with 
respect to our sample size, this difference will be small and the formula that we use to 
estimate the variability in the sampling distribution of the sample statistic (that assumes 
an infinite population or sampling with replacement) will still be a good estimate. 



Answer Key for Practice Question 6 

The stated calorie content on packages for a Healthy Eating chicken dinner is 240 calories with 
population standard deviation of 10 calories. Many consumers pay close attention to the nutritional 
value and calorie count of foods when making a purchase, so it is important for the package information 
to be accurate. During the production process, a random sample of 12 packages of Healthy Eating 
chicken dinners was selected and the calorie content of each was found. Below is a graph and summary 
statistics for the sample data. 

Minimum Mean Median Maximum Std Dev IQR 
225 calories 244.3 calories 244.5 calories 265 calories 12.4 calories 17 calories 

(A) Describe the sampling distribution of the sample mean number of calories in a Healthy Eating

chicken dinner for samples of size n = 12 from this production process.

The sampling distribution of the sample mean number of calories in a Healthy Eating chicken

dinner will have
• Center – mean of 240 calories

(mean of the sampling distribution is equal to the mean of the population because the
sample mean is an unbiased estimator of the population mean.)

• Shape – since the graph of the sample data is symmetric, it is likely that the population
shape is symmetric, so the distribution of the sample means will be approximately
normal.

• Variability – 10/sqrt(12) calories
(the standard deviation of the sampling distribution of sample means will be equal to the
population standard deviation divided by the square root of the sample size.)



(B) Identify the significance test you would use to determine whether there is sufficient
evidence that the mean number of calories in Healthy Eating chicken dinners from this
production process is greater than the 240 calories advertised on the product package.
1-Sample t-test for a Population Mean

(C) State the hypotheses you would use for the test in part (B).

0 : 240
: 240a

H
H

µ
µ
=
>

(D) A standardized statistic of t11 = 1.21 was calculated for the above hypothesis test. Interpret the

meaning of the obtained standardized statistic in this context.

The standardized statistic means that our observed mean of 244.3 calories is 1.21 standard

deviations above the population mean (240 calories) for Healthy Eating chicken dinners from this

production process.

(E) In which of the following intervals is the p-value for this significance test?
a. P-value < 0.01
b. 0.01 < P-value < 0.05
c. 0.05 < P-value < 0.10

d. P-value > 0.10

E – the p-value is > 0.10. It is 0.1258

From the t-table, t11 = 1.21 is between 1.088 and 1.363, so the upper tail probability is

between 0.10 and 0.15.



From the calculator: 

p-value ≈ 0.12582

(F) Is there evidence at the 5% significance level that the mean number of calories in Healthy Eating
chicken dinners from this production process is greater than the 240 calories advertised on the
product package? Justify your response.
Our obtained p-value of 0.12582 (or P-value > 0.10 from table) is greater than our stated alpha-
level of 0.05; thus there is not significant evidence that the mean number of calories in Healthy
Eating chicken dinners from this production process is greater than the 240 calories advertised
on the product package.

(G) Interpret the meaning of the P-value you obtained in part (E) in the context of this study.

The p-value (greater than 0.10 or 0.1258) is the probability of obtaining a sample mean of 244.3

calories or greater from a sample of size n = 12, if the null hypothesis is true that the mean

number of calories in Healthy Eating chicken dinners is 240 calories.

(H) One of the conditions for using a t-test is that the distribution of the sample statistic is
approximately normally distributed.
This condition is reasonably met if

- the population distribution is approximately normal or
- the sample size is large enough (typically n ≥ 30) for the Central Limit Theorem to apply.

For this study, we are not given information regarding the shape of the population and our 
sample size is small (n = 12). How can we check if this condition is reasonably met and what 
information does this check provide us about the shape of the population? Explain. 

The shape of the graph of a sample should be similar to the shape of the population it is 
drawn from provided that the sample is representative of the population. Since a random 
sample was obtained and the graph of the sample is symmetric, the population shape is also 
likely symmetric. The sampling distribution of sample means from an approximately normally 
distributed population will be approximately normal and populations that are symmetric have 
sampling distributions that are approximately normally distributed even for small sample sizes. 
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