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Question 1 (34 marks)

(a) Use the fundamental probability transform and a generator of standard
uniform U (0, 1) observations to draw a sample of n = 800 observations
from the standard logistic distribution. The cumulative distribution
function of the standard logistic distribution is

F (x) =
1

1 + ex
.

(6 marks)

(b) Using generators of random draws from the standard uniform U (0, 1)
and standard normal N (0, 1) distributions, produce 500 draws from
the following three distributions:

(i) flips of a fair coin,

(ii) N

1, 1

4


,

(iii) F (4, 3). (4 marks)

(c) Consider a linear model

Yi = 0 + 1Xi + "i,

where E ("i|Xi) = 0, var ("i|Xi) = 2 and where errors "i are uncor-
related. Select specific values of 0, 1 and 

2 and draw a sample of
n = 250 draws of (Yi, Xi) from this model. Plot a scatterplot of Yi
against Xi. (6 marks)

(d) Now run a regression of Yi on Xi and intercept using data generated in
part (c). Are the estimated parameters from this regression close to the
values you used when generating the data? Comment on the results.

(3 marks)

(e) Carry out a Monte Carlo study of the distribution of the sample variance
of a random sample of n = 20 observations from the t (6) distribution.
Generate a sample x1, . . . , xn with n = 20 from the t (6) distribution
as follows. Compute the sample variance (EViews function @vars) and
store its value. Repeat 10, 000 times. Plot a histogram of the resulting
10, 000 values of the sample variance. Is the distribution of the sample
variance a normal distribution? If not, how does this distribution di§er
from the normal distribution? (6 marks)
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(f) Repeat the experiment from part (e) for a sample x1, . . . , xn with n =
100. Is the distribution of sample variance approximately normal in
this case? How does your answer compare to the answer you gave in
part (e)? (3 marks)

(g) The central limit theorem (CLT) implies that for large n, the sample
variance of a sample of n i.i.d. variables with finite kurtosis is ap-
proximately normally distributed. Is sample size n = 30 or n = 100
su¢ciently large for the CLT approximation to be satisfactory? If not,
for which sample size would the approximation be satisfactory? Illus-
trate your opinion with appropriate simulation output. (6 marks)

Turn Over
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Question 2 (33 marks)

(a) Suppose you are given a random sample x1, . . . , x143 from a normal dis-
tribution. Provide a simple example of a parametric and nonparametric
model of probability density of the underlying distribution of this data.
For each model, describe the properties or features of the probability
density function. (4 marks)

(b) Give at least two advantages and two disadvantages of nonparametric
estimation when compared to parametric estimation. (4 marks)

(c) Define a kernel regression estimator. Describe the role of the components
of the estimator. (5 marks)

(d) When using a kernel density or kernel regression estimator, a kernel and
a bandwidth need to be selected. Which of the two choices is more
important and why? (4 marks)

(e) Describe the variance-bias trade-o§ occurring when comparing di§erent
values of bandwidth in the kernel regression estimator. Given this
trade-o§, what is the optimal choice of bandwidth? (4 marks)

(f) Suppose you have a sample of values which you know come from a 2 (k)
distribution but you do not know the degrees of freedom parameter k.
If you wish to estimate the density of the data, would you recommend
a parametric or nonparametric estimator? Explain your recommenda-
tion. (6 marks)

(g) Let the nonparametric regression model be given as

yi = m (x) + "i, i = 1, . . . , n.

Given a sample (x1, y1) , . . . , (xn, yn), an estimate of the functionm can
be obtained be minimizing a weighted sum of squares

S (x) =

nX

i=1

(yi m (x))
2K


x xi
h



with respect to m (x) where weights are given by K

xxi
h


with K

a kernel and h a bandwidth. Derive a local mean estimator of the
regression function g by minimizing S (x). (6 marks)
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Question 3 (33 marks)

(a) Let U be a standard uniform random variable, U  U (0, 1). Let Y be
a random variable with the following distribution:

Y =


1 with probability 1/4,

U + 1 with probability 3/4.

Write down the cumulative distribution function of Y and sketch a plot
of this function. (4 marks)

(b) Sketch a plot of the quantile function for the random variable Y in
part (a). (4 marks)

(c) A sample of data on yearly income (Y Inc) in £1,000s for employees with
varying years of education (Edu) has been collected. For employees
with 12 years of education, the conditional quantiles of yearly income
are as follows:

 10% 25% 50% 75% 90%
QY Inc ( |Edu = 12) 18.2 26.3 31.0 43.5 83.3

Compute the corresponding conditional quantiles of monthly income
(MInc) for employees with 12 years of education. (4 marks)

(d) In the sample in part (c), yearly income has been subsequently topcoded
and incomes of over £50,000 were recorded as £50,000. How do the
conditional quantiles of yearly income in part (c) change for employees
with 12 years of education? (4 marks)

(e) Let X be a random variable. Show that the median of X minimizes
E |X  |, that is, that

med (X) = argmin
2R

E |X  | .

Assume that X has a continuous distribution. (6 marks)

Question continues on next page...
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(f) A study of the e§ect of various factors on housing prices (in millions of
new Taiwan dollars) in Taiwan has been carried out using a dataset
of 76,264 observations. Linear mean regression and linear quantile re-
gression of the logarithm of the property price on the factors such as
location or age of the property were run. The coe¢cients on Age are
reported in Table 1.

Which of the coe¢cients are significant at the 5% significance level?
Justify your conclusion. (3 marks)

Table 1: Estimated coe¢cients on the age of the property. The numbers in
parentheses are the t-values of the coe¢cients.

OLS estimate Quantile Regression Estimates
Coe§. 0.1 0.25 0.50 0.75 0.9

Age 0.006
(34.29)

0.012
(31.58)

0.003
(37.48)

0.01
(37.66)

0.004
(18.23)

0.002
(6.30)

(g) Figure 1 below reports estimated quantile regression coe¢cients for two
indicator variables characterizing the location of the property. The solid
dark grey straight line is the OLS fitted line, the solid black line depicts
the quantile estimates, and the dotted lines describe 95% confidence
bands for the coe¢cient estimates.

In both cases, interpret the coe¢cient estimates. Does quantile regres-
sion bring additional information compared to the OLS regression? Are
the e§ects of the two location variables di§erent for di§erent quantile
levels? Do the location variables appear to exert a pure location shift
e§ect on the conditional distribution of prices? (8 marks)

Question continues on next page...
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Figure 1: Estimated quantile coe¢cient for two indicator variables describ-
ing the location of the property

End of Paper - An Appendix of 2 pages follows
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End of Appendix


