
Homework Assignment 6

Max H. Farrell – Chicago Booth
BUS41100 Applied Regression Analysis

Due at the beginning of class of week 7

1 Grunfeld Data

The data set Grunfeld.csv contains data from 11 firms over 20 years (1935–1954), and for each
firm/year we observe:1

Ii,t = invest gross investment
Vi,t = value market value of the firm at the end of the previous year
Ci,t = capital value of the stock of plant and equipment at the end of the previous year

Often, we use the notation n for the total sample size, N for the per-time sample size, and T for
the time periods. So here we have N = 11, T = 20, and n = NT = 220 total observations.2 The
key is that we do not have 220 total independent observations. We have less information than that
(remember we think of observations as noisy signals).

Our goal is to study investment as a function of the other two. We think of value for firm i and time
t as anticipated profit, and then the investment for that firm that year is the amount of replacement
investment required.

A first pass at the model is therefor:

Ii,t = β0 + β1Vi,t + β2Ci,t + εi,t. (1)

(a) Estimate the regression model (1). Interpret the coefficient estimates.

(b) In this context, what are the assumptions that make this approach valid? Which of these may
be violated and why?

But we believe that different firms have substantively/qualitatively different decision-making styles.
Different firms are fundamentally different, and so they are not part of the same phenomenon, and
it does not make sense to entirely pool the data together. This is exactly what motivates the fixed
effects model:

Ii,t = β0,i + β1Vi,t + β2Ci,t + εi,t, (2)

which lets each firm have it’s own intercept. We can’t care about the fixed effects specifically: there
are N dummy variables in the model (2), but because each firm’s behavior is dependent over time,
we only have N truly independent pieces of information. So we don’t even have enough information
to precisely nail down these estimates! In other words, in the estimated version of (2),

Îi,t = b0,i + b1Vi,t + b2Ci,t,

1This is quite a famous data set in economics, and is regularly used a textbook example. It is also quite old, and
quite small.

2This is called a balanced panel because all units are observed at all time points. In real life, unbalanced panels are
more common, where some units are not observed at certain times, either they drop out entirely, drop out then come
back, or are added to the sample.
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the estimates b1 and b2 are good estimates for β1 and β2, just like always, but b0,i is not a good estimate
for β0,i. For example, the sample distribution result from week 2 will not be true: b0,i 6∼ N (β0,i, σ

2
b0,i

).
Nonetheless, because b1 and b2 are good estimates for β1 and β2, we can estimate the model anyway.

(c) Estimate the regression model (2). Interpret the coefficient estimates on value and capital.
Compare your findings, both the coefficient estimates and the standard errors, to part (a). Are
you assuming cor(β0,i, Vi,t + Ci,t) is zero or not? Justify your choice statistically.

We might instead believe that although all firms behave similarly, different years are different (perhaps
due to government regulation or tax incentives). This motivates a very similar model, but with time
fixed effects instead:

Ii,t = β0,t + β1Vi,t + β2Ci,t + εi,t, (3)

(d) Estimate the regression model (3). Interpret the coefficient estimates on value and capital.
Compare your findings, both the coefficient estimates and the standard errors, to parts (a) and
(c). Are you assuming cor(β0,t, Vi,t + Ci,t) is zero or not? Justify your choice statistically.

Of course, we can combine the two ideas easily enough, and have both time and firm fixed effects:

Ii,t = β0,i + β0,t + β1Vi,t + β2Ci,t + εi,t, (4)

Now each year and each firm have a specific effect in the model: there are 30 dummy variables!

(e) Estimate the regression model (4). Interpret the coefficient estimates on value and capital.
Compare your findings, both the coefficient estimates and the standard errors, to parts (a), (c),
and (d).

These are all very common models for panel data. Depending on the particular context/example, one
of (2), (3), or (4) might make more sense. If your project ends up involving panel data, consider these
models carefully in your example.
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