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Exam ECON5106/9106 – Fall 2017

1. Suppose that conditional on price pi the number of bus trips yi follows a Poisson
distribution with parameter β0 +β1 pi.

(Note that if Z ∼ Poisson(λ ), then f (z;λ ) = λ ze−λ/z!, and E[Z] =Var(Z) = λ )

You have a random sample of size N from the population of interest and want to
estimate β = ( β0 β1 ).

(a) Outline how you would estimate β using maximum likelihood, and explain the
intuition behind the method.

(b) Write down the log-likelihood function excluding constant terms that do not
depend on lambda and derive the score function.

(c) A friend suggests to estimate the following OLS regression

yi = β0 +β1 pi + εi

does this give consistent estimates of β0 and β1? Explain your answer.

(d) Does the regression in (c) give efficient estimates of of β0 and β1? Explain
your answer.

(e) Below you will find Stata output from maximum likelihood estimation of the
Poisson regression where the value of the log-likelihood does not include any
constant terms. Compute the Likelihood Ratio test statistic for H0 : β1 = 0.1 At
what level in the critical value table below do you reject? At what level does
the Wald test reject?
. sum y p

Variable | Obs Mean Std. Dev. Min Max
-------------+---------------------------------------------------------

y | 1,000 1.145 1.107792 0 5
p | 1,000 .5041019 .2898428 .0003386 .999795

. ml model lf ll (y = p)

. ml maximize

Log likelihood = -987.4249
------------------------------------------------------------------------------

y | Coef. Std. Err. z P>|z| [95% Conf. Interval]
-------------+----------------------------------------------------------------

p | .2649943 .11745 2.26 0.024 .0347965 .4951921
_cons | 1.011416 .0662063 15.28 0.000 .8816539 1.141178

------------------------------------------------------------------------------

Critical Values of Chi -square
df .50 .25 .10 .05 .025 .01 .001
1 0.45 1.32 2.71 3.84 5.02 6.63 10.83
2 1.39 2.77 4.61 5.99 7.38 9.21 13.82
3 2.37 4.11 6.25 7.81 9.35 11.34 16.27
4 3.36 5.39 7.78 9.49 11.14 13.28 18.47
5 4.35 6.63 9.24 11.07 12.83 15.09 20.52
6 5.35 7.84 10.64 12.59 14.45 16.81 22.46
7 6.35 9.04 12.02 14.07 16.01 18.48 24.32
8 7.34 10.22 13.36 15.51 17.53 20.09 26.12
9 8.34 11.39 14.68 16.92 19.02 21.67 27.88
10 9.34 12.55 15.99 18.31 20.48 23.21 29.59

1Use the attached base 10 logarithm table to compute the log likelihood value. Do not forget to convert to
the natural log. The example is log10(1.836). Look up the first two digits (1.8) in the left column. The third
digit (3) in the header then gives the cell with 0.2625. This is log10(1.83). To get log10(1.836) look up the
final digit (6) in the mean difference panel. This gives 14 which need to be added to the final two digits of
0.2625, which gives log10(1.836)=0.2625+0.0014=0.2639. Finally log(1.836) = 0.2639×2.3 ≈ 0.607.
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2. Consider the following dataset
y x

1. 0.9 2
2. 3 1
3. 1 1.5
4. 2 .8
5. 2 1.1

(a) Use a rectangular kernel and a bandwidth of .5 to compute the density of x at
1.2.

(b) Use a rectangular kernel and a bandwidth of .8 to compute the local linear
regression estimate of y at x = 2.2.

(c) Show exactly how the mean-squared error (MSE)

MSE(x) = E[(y− f̂ (x))2]

depends on bias and variance.

(d) Explain the intuition of how a bandwidth that minimizes the MSE trades off
bias against variance.

3. Suppose you are interested in the effect of treatment di on outcome yi. In a population
people are randomly assigned to the treatment – their assignment is ai – but not
everybody respects their assignment. You have a random sample of the population.

Explain under what conditions you can estimate the

(a) Average treatment effect (ATE)

(b) Average treatment effect for the treated (ATT)

(c) Local average treatment effect (LATE)

(d) Consider the following data where n is the number of people
d a y n

1. 0 0 35 10
2. 0 1 30 10
3. 1 1 25 30
4. 1 0 20 10

and compute the fraction compliers and the LATE

(e) Suppose you can estimate the LATE. Give a monotonicity condition that allows
you to bound the ATT from below
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Example: log10(1.836) = 0.2625+0.0014 = 0.2639. log(x)≈ log10(x)×2.3
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