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Exercise 1 (Stine and Foster, Exercise 17.12, 17.13, and 17.15) Mark each statement True or False and
explain why.

(a) A one-sided test of H0 : µ1 − µ2 ≤ 10 rejects H0 if 10 lies outside of the 95% CI for µ1 − µ2.

(b) If the standard two-sample t-test rejects H0 : µ1−µ2 ≤ 100 kroner, then µ1 is more than 100 kroner
larger than µ2.

(c) If the two-sample CI for µ1 − µ2 includes 0, then we should conclude that µ1 = µ2.

Exercise 2 (Stine and Foster, Exercise 17.25-17.26) Members of a sales force were randomly assigned to
two management groups. Each group employed a different technique for motivating and supporting the
sales team. Let’s label these groups A and B, and let µA and µB denote the mean weekly sales generated
by members of the two groups. The 95% CI for µA − µB was found to be ($500, $2,200).

(a) If profits are 40% of sales, what is the 95% CI for the difference in profits generated by the two
methods?

(b) Assuming the usual conditions (e.g., sample size conditions), should we conclude that the approach
taken by Group A sells more than that taken by Group B, or can we dismiss the observed difference
as due to chance?

(c) The manager responsible for Group B complained that his group had been assigned the “poor”
performers and that the results were not his fault. How would you respond?

(d) Now, suppose that we have a hypothetical situation where instead of randomly assigning the members
of the two groups, a manager decided the assignment of the groups. The 95% CI for µA − µB was
found to be the same as before, ($500, $2,200). The manager responsible for Group B complained
that his group had been assigned the “poor” performers and that the results were not his fault. How
would you respond?
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Exercise 3 (Espresso House) Espresso House is testing 2 types of ads to promote its new høstlatte.
Version A includes the price of the latte, and Version B does not. Which is more effective for increasing
sales of høstlatte? Consider the following approaches for comparisons. Explain whether the approach is
contaminated by confounding. If so, identify a possible confounding or lurking variable.

(a) Version A is used at a store in Bergen and Version B in Oslo.

(b) Version A is used on Mondays at a store in Oslo, and Version B is used on Fridays at the same store.

(c) The høstlatte advertisement is sent by mail to people living in Oslo. Version A was sent to randomly
selected set of people, and the same is done for Version B.

Exercise 4 (Colgate vs. Solidox) Colgate and Solidox are two brands of toothpaste in Norway. Both
brands have a line of teeth whitening toothpaste: Colgate Total White and Solidox White Activator.
Colgate has developed a new toothpaste formula. They would like to test if it is more effective at teeth
whitening than Solidox, so they conducted an experiment. 150 people in the treatment group used
Colgate for 3 days. 220 people in the control group used Solidox, also for 3 days. After 3 days,72% of
treatment group had whiter teeth, in comparison to 60% in the control group.

As a data scientist at the company, you have been tasked with analyzing the data from the experiment.

(a) Do the results of experiment show that Colgate is better at teeth whitening than Solidox? Use the
5% significance level.

(b) The marketing head at Colgate wants to change the packaging to say “You’re 30 percentage points
more likely to get whiter teeth with Colgate than Solidox.” How do you respond?
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Exercise 5 (Cookie Cats) To decide whether they should move the first gate to level 30, the Cookie
Cats game developers conducted an A/B test. The sample for the A/B test consist of 90,189 new players
who downloaded the app. 44,700 players got Version A of the game (1st gate at level 30). 45,589 players
got Version B of the game (1st gate at level 40). Sample statistics are shown below.

# Game Rounds Played Retention Rate

Game Version Sample Size Mean SD Kurtosis
Proportion who

return after 7 days

Level 30 44,700 52.46 256.72 31687.84 0.1902
Level 40 45,589 51.30 103.29 66.10 0.1820

(a) Does the A/B test show that moving the first gate to level 30 increases the average number of game
rounds played? Use 1% significance level for the hypothesis test.

(b) What is the p-value of the test from part (a)?

(c) Interpret the results from part (b).

(d) The hypothesis test in part (a) requires that sample size conditions hold. Is this the case?

(e) Does the A/B test show that moving the first gate to level 30 increases the proportion of users who
come back to the game 7 days after installation? Use 1% significance level for the hypothesis test.

(f) What is the p-value of the test from part (e)?

(g) Interpret the results from part (f).

(h) The hypothesis test in part (e) requires that sample size conditions hold. Is this the case?

(i) Suppose that moving the first gate from level 40 to level 30 is profitable for Cookie Cats only if the
proportion of users who come back to the game after 7 days increase by more than 0.005 (half a
percentage point). What is the null and alternative hypothesis?

(j) Carry out the test in part (i) using the 5% significance level. What do you conclude?

(k) What is the 95% CI for the difference in the 7-day retention rate (i.e., the proportion of users who
come back to the game 7 days after installation) between the two game versions?

(l) Interpret the 95% CI from part (k).

(m) Summarize the results of your analysis using the 4M Analytics Decision-Making Strategy (Motiva-
tion, Method, Mechanics, Message).
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Exercise 6 (Stata) For this exercise, we will use the data file cookie cats.csv. This dataset contains
the results of the A/B test that the developers of the Cookie Cats implemented. This was the example
discussed in lecture. The goal of the A/B test is to help Cookie Cats developers determine whether the
first gate should be at level 30 or level 40.

The data file contains the following variables:

• userid: a unique number that identifies each player

• version: the game version that the player was randomly assigned to (gate level 30 or level 40)

• gamerounds: # of game rounds played by the player during the first 14 days after installation

• retention7: did the player come back and play 7 days after installation? (true or false)

• retention1: did the player come back and play 1 day after installation? (true or false)

(a) Before we begin our analysis of the A/B test, it’s useful to familiarize ourself with the dataset.

(i) How many game users are in the dataset?

(ii) Which variables are string? Which are numeric?

(iii) How many got the version of the game with the first gate at level 30? How many got the
version with the first gate at level 40?

(b) Let’s focus on users who got the level 30 version.

(i) Among these users, what is the average number of game rounds played?

(ii) What is the proportion of these users who returned to the game 7 days after installation?

(c) Repeat part (b) for users who got the level 40 version.

(d) Let µ30 be the average number of game rounds played among users who got the level 30 version.
Similarly, let µ40 be the average number of game rounds played among those who got the level 40
version. Test the hypothesis H0 : µ30 − µ40 ≤ 0 vs. H1 : µ30 − µ40 > 0.

(i) What is the t-statistic?

(ii) What is the p-value of the hypothesis test?

(iii) At the 1% significance level, do you reject H0?

(iv) What is the 90% CI for the difference µ30 − µ40?

(e) Now, let’s look that proportion of users who returned to the game within 7 days of installation. The
variable we need for this is retention7. Note that this variable is string and cannot be used for
numerical calculations.

Create a new variable by using the command generate i retention7 = (retention7 == "TRUE").
Explain the meaning of this command as well as the variable you just created.

(f) Let p30 be the proportion who users in the level 30 version who returned to the game 7 days after
installation. Similarly, let p40 be the proportion who users in the level 40 version who returned to
the game 7 days after installation. Test the hypothesis H0 : p30 − p40 ≤ 0 vs. H1 : p30 − p40 > 0.

(i) What is the z-statistic?

(ii) What is the p-value of the test?

(iii) At the 1% significance level, do you reject H0?

(iv) What is the 95% CI for the difference p30 − p40?

(g) Continued from part (e). Test the hypothesis H0 : p30 − p40 ≤ 0.005 vs. H1 : p30 − p40 > 0.005

(i) What is the z-statistic?

(ii) What is the p-value of the test?

(iii) At the 5% significance level, do you reject H0?

(h) Repeat parts (f) and (g) but using the proportion of users who returned to the game 1 day after
installation (the variable is retention1).
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