
Homework Assignment 1

BSTA 101

Due on September 10, 2021

Show your work. More generally, justify your answers. Write legibly and
succinctly. Write grammatically, i.e., write complete sentences, check spelling,
etc.

1. Recall that maximum likelihood is a method for doing statistical inference.

(a) What is statistical inference?

(b) What does it mean to say that statistical inference is an inverse
problem?

(c) What do maximum likelihood inference and Bayesian inference have
in common?

2. The most basic concept in chemistry is the concept of an atom. There are
many kinds of atoms; we call these kinds of atoms elements. Examples
include carbon, beryllium, and einsteinium. The most basic concept in
statistics is the concept of a random variable. There are many kinds of
random variables.

(a) Name the simplest chemical element.

(b) Name the simplest kind of random variable.

(c) Spend some time investigating various kinds of random variables.
List three distributions that you find interesting, and also describe
some common applications of those distributions.

3. The idea of a coin toss is a random variable. An actual coin toss is data.
Notationally, we have

random variable: Y ∈ {heads, tails}
data: y = tails,

or, more abstractly,

random variable: Y ∈ {0, 1}
data: y = 1.
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(a) Provide your own real-life example of a random variable and corre-
sponding data. Use a model besides the binary model.

(b) Use sensible notation to express your example.

4. Why is matrix notation often useful for understanding statistics?

5. Let Y1 and Y2 be random variables.

(a) What does it mean to say Y1 and Y2 are independent?

(b) Suppose Y1 and Y2 represent subsequent tosses of a coin. Are Y1 and
Y2 dependent or independent?

(c) Suppose the following data resulted from ten tosses of a coin: 0, 1,
1, 1, 1, 1, 1, 1, 1, 1. Which outcome, 0 or 1, is more likely for the
11th toss?

6. Suppose that Y1, . . . , Yn are iid Poisson(λ) random variables. Then the
maximum likelihood estimator of λ is

λ̂ = λ̂(Y ) = Ȳn =
1

n

n∑
i=1

Yi.

That is, the maximum likelihood estimator of λ is the arithmetic mean of
the sample. (This can be shown using calculus.)

(a) Write the arithmetic mean of the sample Y = (Y1, . . . , Yn)′ using
matrix notation.

Hint: You will need to use the n-vector of 1s: 1 = (1, . . . , 1)′.

(b) The Fisher information about λ is I1(λ) = 1/λ. Give the Fisher
information about λ contained in the whole sample, In(λ).

(c) Give the maximum likelihood estimator of In(λ).

(d) Give a 1− α confidence interval for λ.

7. Suppose the following values are iid Poisson: 11, 12, 3, 4, 5, 2, 10, 9, 7, 7,
8, 5.

(a) Give the maximum likelihood estimate of λ for this sample.

(b) Give a 95% confidence interval for λ.

(c) Find the MLE of P(Y < 3).

(d) Find the MLE of the skewness.
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BONUS PROBLEMS

8. Suppose that Y1, . . . , Yn are iid Normal(µ, σ2) random variables. Then
the maximum likelihood estimator of θ = (µ, σ2)′ is given by

θ̂ =

(
µ̂ = Ȳn, σ̂

2 =
1

n

n∑
i=1

(Yi − µ̂)2

)′

.

If X ∼ Normal(µ, σ2), the variable Y = expX is said to be lognor-
mally distributed: Y = expX ∼ Lognormal(µ, σ2). The lognormal
distribution is often used to model concentrations (of toxic chemicals, for
example).

(a) Find the maximum likelihood estimator of θ = (µ, σ2)′, assuming the
sample in question, Y = (Y1, . . . , Yn)′, are iid Lognormal(µ, σ2)
random variables.

(b) Find the MLE of the mean of the Lognormal(µ, σ2) distribution.

Note that Ȳ is NOT the MLE of the lognormal mean. Ȳ
and the MLE are different estimators of the lognormal mean.
Which of the two estimators has the smallest variance for
large samples?

(c) The Fisher information for the Lognormal(µ, σ2) distribution is
given by

I1(θ) =

(
1/σ2 0

0 1/(2σ2)

)
.

Intuitively, why is the information matrix free of µ?

9. Suppose the following values are iid lognormal: 203293.2, 301505.7, 171127.8,
249966.4, 375451.0.

(a) Find the MLE of µ.

(b) Find the MLE of the mean.

(c) An alternative approach to estimating µ employs the method of mo-
ments (MoM). MoM estimation of µ begins with

µ = log
EY 2

√
VY + EY 2

and replaces EY 2 and VY with their sample quantities. Find the
MoM estimate of µ for the sample given above. How does the MoM
estimate compare to the MLE?

3


