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Terminology

o simulation: a mumerical technique for conducting
experiments on the computer

o Monte Carlo simulation: a computer experiment
inolving random sampling from probability
distributions

what statisticians usually mean by “simulations"

Basics

e simulation studies are commonly done to evaluate the
performance of a frequentist statistical procedure, or to
compare the performance of two or more different
procedures for the same problem

e enable us to see what happens “when many many
samples of the same sie are drawn from the same
population”

e properties of estimators that are often evaluated by
simmlation
bias
mean squared error
coverage of confidence intervals
e properties of hypothesis tests also can be evaluated by
gimmlation studies
B1e
power
o simulation studies are erpertments, and the things you

know about experimental design and sample size
caleulation apply

Hationale

e Properties of statistical methods must be estabhished
before the methods can safely be used in practice.

o But exact analytical derivations of properties are rarely
possible

o Large sample approximations to properties are often
possible

eviluation of the relevance of the approxdmation to
(finite) sample siwes likely to be encountered in

practice s needed

o Analytical results may require assumplions such as
normality

What happens when these assumptions are
violated? Analytical results, even large sample ones,
may not be poessible



Questions to be addressed regarding an
estimator or testing procedure

® [s an estimator bigsed in finite samples? What is its
sampling variance?

o How does it compare to competing estimators on the
basis of bias, precision, ete.?

e Does a procedure for constructing a confidence interval
for a parameter achieve the claimed rominal level of
coverage?

o Does a hypothesis testing procedure attain the claimed
level or size?

o [f s0, what power is possible against different
alternatives to the mull hypothesis? Do different test
procedures deliver different power?

Simulation for properties of estimators

Simple example: Compare three estimators for the mean p

of a distnbution based on Lid. draws ¥q,....Y,

& Sample mean T
o Sample 20% trimmed mean T2
 Sample median T

Remarks:

o [f the distribution of the data is symmetric, all three
estimators indeed estimate the mean

e [f the distribution is skewed, they do not

Role of Monte Carlo simulation

e (oal is to evaluate sampling distribution of an
estimator under a particular set of conditions (sample

gize, error distribution, ete.)

e Analytic dernvation of exact sampling distribution 1=
not feasible

e Solution: Approximate the sampling distribution
through simulation

— Generate S independent data sets under the
conditions of interest

— Compute the numerical value of the estimator/test
statistic T(data) for each data set, yielding
ni,-..,T3

e If 5 15 large enough, summary statistics across
Ty, ..., Tg should be good approxdimations to the true

sampling properties of the estimator /test statistic
under the conditions of interest

Simulation procedure

For a particular choice of g, n, and true underlying
distribution

& Generate independent draws ¥y, ..., ¥, from the
distribution

o Compute T T2 @)
e Hepeat 5 times =
11 1 2 W2 13 3
R | L R 1 ¢ RN -

o Compute for £ =1,23
5 _
méan — 5 E1 T — T':H_, bins = T — T

SD — ‘J{S — 1)t 5 (70— T®),

g1

MSE = 51 3= (T™ _ 4)? = SD” 4+ bins”



Relative efficiency

For a particular cholce of g,

Relative efficiency: For any estimators for which
(T = (T =

var(T0h)

var(T'2))

18 the relative efhciency of estimator 2 to estimator 1

R =

& When the estimators are not unbiased it is standard to
compute

MSE(T
REE = .,{, — )
MSE(T2))
e [n either case RIY < 1 means estimator 1 is preferred
(estimator 2 is inefficient relative to estimator 1 in this

OIS )

Normal data:

» out <- generate._normal(S.n,mum,sigma)
» outsampmean <- apply(outfdat,l mean)
» outtrimmean <- apply(outfdat,l,trimmean)
» outmedian <- apply{out§dat,1 median)

» summary.sim <- data.frame({mean=outsampmean,tris-outtrimmean,
median=outmedian)

» results <- simsum(summary.sim,mu)

» wiew(round(summary.sim,4) ,5)
First 5 rows

mean trim median

1 0.7639 0.7132 1.0389
0.6439 04580 0_3T46

3 1.5663 1.6710 1.9395
4 0.5171 04827 0.4119
5 1.3603 1.4621 1.3452

R code for example

W

set _geed(3)

W

8 <—- 1000

>mn <— 15

> trimmean <- function(Y){mean(Y,0.2)}

> mu <— 1

» sigma <- agrt(5/3)

> results
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