
Question 1

In the DataFrame songs, each row is a song. Columns are "title", "artist", "genre",
and "streams" as an integer (number of times the song has been streamed).

a) To find the song in each genre with the most streams, Elyse writes this code:

songs.groupby("genre").max()["title"]

In one sentence, explain the problem with Elyse’s code.

b) Now, fix Elyse’s code. Write one line of code that evaluates to a Series indexed by
"genre" containing the title of the song in that genre with the most streams.

c) Assuming song titles are unique, write one line of code that evaluates to a Series
indexed by "title" such that:

• songs with fewer than 1,000,000 streams are omitted, and

• for each remaining song, the Series contains the mean streams of all songs in the
same genre with at least 1,000,000 streams.
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Question 2

You are given two DataFrames, A and B, shown below.

A

sid name age
1 Alice 20
2 Bob NaN
2 Bob 21
3 NaN 22
5 Eve 23

B

sid course
1 Math
1 Bio
2 NaN
2 Chem
4 CS

We merge these DataFrames as follows:

merged = A.merge(B, on="sid", how="outer")

a) How many rows does merged have?

b) How many missing values (NaN) does merged have in total, across all columns?

c) If we replaced how="outer" with how="inner", how many fewer rows would the result
have?

d) In this example, replacing how="outer" with how="inner" reduces the number of rows
in the result. Is that always the case in general? Justify your answer in one sentence.
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Question 3

The DataFrame sessions has one row per tutoring session, with columns "tutor" ("Annabelle"
or "Ishayu"), "subject" ("Math" or "English"), "length" ("Short" or "Long"), and
"score gain" (float).

a) Fill in the blank so that p1 is a pivot table showing the average "score gain", with
one row per "tutor" and one column per "subject".

p1 = sessions.pivot table( )

b) Suppose p1 evaluates to the table below. Is it possible to observe Simpson’s paradox if
we don’t split by "tutor" — i.e., could the overall average "score gain" be higher for
"Math" than for "English"? Choose between “yes”, “no”, “need more information”
and justify your answer.

Math English
Annabelle 5.0 9.0
Ishayu 8.0 8.5

c) Now suppose p2 is a pivot table showing the average "score gain" by "length" and
"subject", shown below. Is it possible to observe Simpson’s paradox if we don’t split
by "length"? Choose between “yes”, “no”, “need more information” and justify your
answer.

Math English
Short 9.5 6.0
Long 5.0 9.0
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Question 4

The DataFrame calls has one row per customer service call, with columns "day" (day of
week), "hour" (integer 0–23), and "wait time" (float, minutes; some values are missing).

For each pair of hypotheses given below,

• Determine whether this is a standard hypothesis test or a permutation test.

• Choose one correct simulation procedure among the given options.

• Choose all valid test statistics that could be used. Justify your choices for the test
statistics only.

Simulation procedures:

1. np.random.multinomial(n, [1/2]*2)

2. np.random.multinomial(n, [1/7]*7)

3. calls["hour"].sample(n)

4. np.random.permutation(calls["hour"])

Test statistics:

1. Difference in means

2. Absolute difference in means

3. TVD

4. K-S statistic

a) Null: Calls are equally likely to occur on each day of the week.
Alt: Some days are more likely than others.

b) Null: The average "wait time" is the same in the morning (hour < 12) as in the
afternoon.
Alt: The average "wait time" is different.

c) Null: The distribution of "hour" is the same for calls with missing "wait time" and
calls with non-missing "wait time".
Alt: The distributions are different.
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Question 5

At a biking event, there are “pit stops” set up at various major intersections throughout the
city. Each pit stop is run by a volunteer “site captain” who is on site to record attendance at
the pit stop. Attendance, pit stop addresses, and corresponding neighborhoods are recorded
in a DataFrame. Some attendance values are missing.

Each part below describes a possible explanation for this missingness. Assuming that the
given explanation is the only force at play:

• Determine the most likely missingness mechanism (MD, MNAR, MAR, MCAR) and
justify your answer.

• Determine whether mean imputation would give an overestimate, an underestimate, or
an unbiased estimate of the true mean. No justification necessary.

a) Site captains were provided with physical counting devices that they could use to keep
track of attendance. Some of the devices were defective.

b) Site captains were told about the requirement to keep track of attendance at neighbor-
hood site captain meetings. The leader of the Mira Mesa neighborhood meeting forgot
to inform the site captains of this requirement. Some Mira Mesa pit stops did record
attendance without being told, but not all of them.

c) Some sites were so busy that the site captains could not keep track of the number of
bikers.

d) After being informed of the requirement to keep track of attendance, site captains were
never reminded. Older site captains were more likely to forget.
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