Tests of proportions Worksheet ST551: Statistical Methods, Fall 2017

Tests of proportions
ST551 Lecture 11
Charlotte Wickham

2017-10-13

Setup

Population: Y ~ Bernoulli(p), i.e.

v 1, with probability p
B 0, with probability 1 —p

Parameter: = E(Y) = p, the population proportion
Sample: n i.i.d from population: Yi,...,Y,

Statistic: X = Z?:l Y;, the count of 1's in the sample.
We want to test the hypothesis: Hy : p = pg

Null distribution: Under the null hypothesis our statistic has a Binomial(n, pg) distribution.

One sided test

Imagine, n = 12, and we are interested in the hypotheses:

Hy:p=04 versus Hy:p>04

The null distribution for X is Binomial(12,0.4).

Null distribution of X
Binomial(12, 0.4)

0.227

Q1: What is the form of the rejection region? (pick one from the below list)
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“Consider values of the test statistic which are most unusual and would be more typical if the alternative
were true.”
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» Reject Hy if X > cpy
= Reject Hy if X < c¢p,
= Reject Hy if X > cy or X < ¢,

Q2: What is/are the critical value(s)?
Use the null distribution to find the critical value(s) for one-sided level oz = 0.05 test.

“Critical values are chosen to obtain the desired significance level.”

Q3: Imagine X = 7, what would the one-sided p-value be?

Q4: Can you generalise and write down the form of the rejection region and p-value for Hy : p = pg
versus H, : p > pg when the observed count is X = x?
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Two sided Rejection Region

Now consider:

Hy:p=04 versus Hy:p#04

The null distribution is the same:

Null distribution of X
Binomial(12, 0.4)

0.227
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Q5: What is the form of the rejection region?
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“Consider values of the test statistic which are most unusual and would be more typical if the alternative
were true.”

= Reject Hy if X > ¢y
= Reject Hy if X < ¢
= Reject Hy if X > cy or X < ¢,

Q6: What is/are the critical value(s)?

Use the null distribution to find the critical value(s) for a two-sided level o = 0.05 test. This is tricky, how will you
measure which are the most extreme values of X?

Two sided p-value

Q7: Imagine X = 7, what would the two-sided p-value be?
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Confidence Interval

Q8: Again, imagine X = 7, use the distributions on the following page to construct a (rough) confidence
interval.

“All values of pg that would not be rejected in a two-sided hypothesis test of Hy : 1 = pg.”
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Null distributions of X
Binomial(12, p)
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