
Homework Assignment 4

Max H. Farrell – Chicago Booth
BUS41100 Applied Regression Analysis

Due at the beginning of class of week 5

1 Pricing Experiment

Return to the pricing experiment we studied in class. There, we showed that an increase in price
caused lower purchasing but also higher profits. Therefore, if the firm wanted to increase profits,
they should raise their price to $249. Now we will explore this further by discussing uncertainty and
targeted treatments.

(a) How confident are you that raising the price to $249 will yield an increase in profits?

The data includes a variable customerSize that gives the size of the customer firm (remember, the
customers of this business are themselves firms). The sizes are ranked 0, 1, 2, for small, medium, and
large firms.

(b) Using a single regression (i.e. one lm() command), compute the profit effect for each firm size
individually. Compare these to the overall effect we found in class. Does this pattern make
sense to you?

(c) Using these results, decide on the optimal pricing strategy to maximize profits when the service
can charge different prices to different customers based on their size. We are imagining that when
a firm goes to the service, they first fill out several questions, including their firm size, and then
are shown a price based on these answers. (This is known as third-degree price discrimination.)

(d) Can the recruiting service improve its profit? By how much? (Careful computing the profit from

your strategy. When using the data, think about which observations were exposed to which price, and how

many of each type of firm you have.)

2 Price Elasticity and Cheese

This question considers sales volume as well as price and display activity for packages of Borden Sliced
Cheese. The data, available as cheese.csv on the course site, are taken from Rossi, Allenby, and
McCulloch’s Bayesian Statistics and Marketing. For each of 88 stores (store) in different US cities,
we have repeated observations of the sales volume (vol, in terms of packages sold), unit price (price),
and whether the product was advertised with an in-store display (disp = 1 for display).

Answer the following questions in a clear and concise manner. Include the appropriate plots and
hypothesis tests to illustrate and support your conclusions. Present your solutions as though you are
a consultant seeking to inform and convince a (very statistics savvy) client of your results.

(a) Ignoring price, do the in-store displays have an effect on log sales? Is there reason to suspect
that your result is confounded by pricing strategies?

(b) A better question: is price elasticity for Borden cheese effected by the presence of in-store
advertisement?

(i) Test this by running two separate regressions. Note that testing if one value is equal to
another is the same as testing if the difference is equal to zero. Also, if b and b? are least
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squares coefficients from independent regression fits, then sd(b− b?) =
√
s2b + s2b? (and n is

big enough that the b’s are all normal).

(ii) How can you test this with only one regression? Is the result the same?

(c) Do you have a possible economic explanation for your results in (b)?

(d) Parts (a) and (b) both say “effect”. Write a justification that your regression models truly
capture a causal effect. Then, discuss how these results can be used even if causality fails.

3 Wages and Demographics from the Census

The goal of this question is to model the earnings of workers as a function of age, and breaks this trend
down by education levels. The data comes from the 2000 US Census, stored in census2000.csv.

(a) Restrict your analysis to people working more than 500 hours, earning more than $5000, and
less than age 60. Make a coherent argument as to why this subset makes sense to focus on.
That is, by restricting to this subset, what type(s) of people are we studying and what type(s)
are we not studying?

Coding tip: create a data.frame. It is easier to work with than raw data objects. You can declare the
variables when you create it, and you can add variables later. Then use subsetting to pick the right group
of people. You should have 25403 rows when you’re done.

raw.data <- read.csv("census2000.csv", stringsAsFactors=TRUE)

my.data <- data.frame(income=raw.data$income, hours=raw.data$hours)

my.data$age <- raw.data$age

(b) In the data we observe the annual income (income) as well as the annual hours worked (hours).
Create three separate scatter plots with age on the x axis and (i) income, (ii) wage rate, (iii)
log(wage rate) on the y axis.

(c) For each scatter plot, regress the appropriate Y variable on age. Add this line to the scatter
plot. Then regress Y on age and age2 and add this line. Coding hint: use the code from week 3,
where we plotted a squared curve for telemarketing.

(d) Use these plots, and any other numerical evidence you think is important, to argue the the pros
and cons of each measure of earnings.

(e) Now we will add the variable education. First collapse it to fewer categories, to eliminate the
fact that some categories have many people while some are tiny. Justify the categories you pick
from a conceptual point of view. Why do they make sense, outside of the data? (Coding tip: the

commands relevel(), reorder(), and their help files may be useful.)

(f) Regress log(wage rate) on age and your new education categories (the latter as dummies or
a factor variable). Give a careful and precise interpretation of the coefficient on age in this
regression. You should discuss what the coefficient means both conceptually and numerically.

(g) Regress log(wage rate) on age and your new education categories (the latter as dummies or a
factor variable) and the interaction of age and the education categories. Pick one education
category. Give a careful and precise interpretation of the coefficient the interaction of this
category with age.

(h) In the regression in part (g), what patterns do you see in the coefficients on the education
categories? On the interactions? Explain/discuss the patterns.
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