
PSC205 (Spring 2012): Problem Set 6

PSC 205

February 24, 2012

Revised: Feb 29, 2012
This assignment must be turned in to the TA in hard-copy by the be-

ginning (�rst �ve minutes) of lab on March 2, 2012. As always, you must
complete the homework individually. Assignments turned in late will be
penalized one point for each day they are late; after seven days, they will
receive a grade of zero.

For each question show your work, and any associated R input and out-
put. If the question asks to create a plot, you must include both the R code
used to create the plot and the output of the plot.

Remember to follow the instructions in the �Homework Style Guide�
when writing and formatting your responses. Failure to adhere to those
rules will result in lost points.

All assignments must be typed and cannot be handwritten. If
you need to insert an equation, all word processors have some form of equa-
tion editors.

1 Problem 1

(1 point) Consider a random variable Y with a distribution that has a pop-
ulation mean of 3 and a population variance of 4. For each of the following
sample sizes, answer whether it is appropriate to use the CLT, and if so what
is the sampling distribution of the mean:

1. 5?

2. 10?

3. 50?

4. 1,000?
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2 Problem 2

This question requires you to install the package ggplot2 and source the �le
samplemean.R (which is available on blackboard under Labs/Lab6). See the
Lab 6 notes for instructions of how to do this. It will also ask you to use the
functions sampling_dist_discrete and aggregate, which are described in
Lab 6.

Problem Set 4 introduced the distribution of annual Prussian o�cer
deaths due to horse kicks. Suppose that Y is a random variable representing
annual deaths due to horse kicks; Y has the following distribution:

Y p(Y )

0 0.51
1 0.33
2 0.11
3 0.04
4 0.01

The distribution of Y has the following expected value (µ) and variance
(σ2).

µ = E(Y ) = 0.71 (1)

σ2 = Var(Y ) = 0.7859 (2)

I will refer to µ as the population mean and σ2 as the population variance.

2.1 part 1

(1 point) Use the function sampling_dist_discrete introduced in lab to
draw sampling distributions of the mean for samples of size n = 1, 2, 5,
10, 30, 100, 200. As in the lectures, let Ȳn refer to the random variable
representing the sampling distribution of the mean of samples of size n.

Plot the results of sampling_dist_discrete using plot, as was shown
in the Lab 6 notes. Describe how the shape of the histogram changes as
the sample size, n, increases. At what sample size does the distribution �rst
appear to follow the central limit theorem (CLT)?

2.2 part 2

(1 point) Use aggregate to �nd the mean of the sampling distribution of
the mean, Ȳn, for each n.
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Create a scatter plot with n on the x-axis and the mean of Ȳn on the y-
axis. Pay special attention to the values on the y-axis! What is their range?

See the example in lab 6. It may help to set the range of the y-axis to 0 and

1, using the option ylim=c(0, 1).

� How do the means of the sampling distributions compare to the pop-
ulation mean, µ?

� What is the relationship between the means of the sampling distribu-
tions and their sample sizes, n?

2.3 part 3

(1 point) For each sampling distribution of the mean, Ȳn, �nd the standard
deviation with aggregate.

Create a scatter plot with the sample size n on the x-axis and the stan-
dard deviation of each Ȳn on the y-axis.

What is the relationship between the sample size n and the standard
deviation of the sampling distribution? How does this relate to the Law of
Large Numbers?

2.4 part 4

(2 points) Given the population variance, σ2 = 0.7859, calculate the standard
error of the sampling distribution using the equation (Agresti, p. 92),

σȳ =
σ√
n
. (3)

For each sample size, subtract the standard error as calculated using the
equation above from the standard deviation of the sampling distribution as
calculated in part 3 (this is di�erent from the population standard deviation).
Create a plot with the sample size n on the x-axis and this di�erence on the
y-axis.

Does the standard error using the above equation get closer or further
from the standard deviation of the sampling distribution as the sample size
increases? How do your results relate to the Central Limit Theorem? Hint:

What is happening to the shape of the sampling distribution as n gets larger?
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3 Problem 3

An important practical application of the central limit theorem is that it can
be used to inform the size of a sample needed to achieve a certain level of
accuracy, something which is important in public opinion polling.

Y is a Bernoulli random variable which represents support for a policy.
In other words Y = 0 if someone does not support the policy, and Y = 1 if
someone does. A polling �rm wishes to conduct a poll to �nd the level of
support for a policy. In order to calculate the standard error of the sample
proportion, assume a population variance of 0.25, i.e. σ2 = 0.25. 1

3.1 Part 1

(1 point) Find the minimum sample size in order to get a sampling distribu-
tion which has a standard error of 0.025?

3.2 Part 2

(1 point) Find the minimum sample size in order to get a sampling dis-
tribution which in which 95% of the time the sample mean will be within
1 percentage point (0.01) of the population mean. For simplicity, just use
the empirical rule approximation that 95% of the distribution is within 2
standard deviations of the mean.

3.3 Part 3

(1 point) Your boss thanks you for your work, but does not listen to your
advice. Instead, he conducts a survey of 750 randomly sampled individuals.
The survey result is that 52% of those surveyed favored the policy. If you
assume that the population mean was 50%, what is the probability of a
sample mean equal to or greater than the one in this survey Hint: Review

pages 44-45 of the Lecture 7.

1Since the variance of the Bernoulli distribution is p(1− p), the maximum value of the

variance occurs when p = 0.5, and is equal to 0.25. Thu assuming a population variance

of 0.52 = 0.25 is the worst case variance in that it is the population variance which will

produce the highest sampling error. In the next chapter we will learn what to do when

the population variance is unknown, which is always the case in reality.
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