
Discussion 8: Power & Sample Size, Bootstrap CI & Test (µ), Sign
Test (M)

Power and Sample Size (and Confidence Interval vs. Test)

This problem continues the previous exercise, but now suppose we know, from prior experience,
that the population standard deviation is close to σ = 0.2 and the population is approximately
normal. Note that the data is changing too: now we have n = 10.

A chemical used in the production of an antibiotic is supposed to contain 23% potassium by weight.
A simple random sample of 10 specimins has a sample mean percentage of 23.3. We will have to
recalibrate the manufacturing process if the population mean percentage is found to differ from 23.
We will test at significance level α = 0.05.

1. Run the Z test.

(a) State null and alternate hypotheses.

(To save time, we’ll run the test for you. We’re including it for context and as a review.)

ANSWER: H0 : µ = 23 vs. HA : µ 6= 23

(b) Check assumptions.

ANSWER: We have a SRS from a normal population with known σ, so a Z test is
appropriate.

(c) Conduct the test by finding a test statistic and calculating a p-value. Must we recali-
brate?

ANSWER: The test statistic is Z = X̄−µ0
σ/
√
n

. Here z = 23.3−23
0.2/
√

10
≈ 4.74. The p-value is

P (Z < −|4.74|) + P (Z > |4.74|) = 2P (Z < −4.74) < 2(.0001) = .0002, which is much
smaller than α = .05. We reject H0. The data are strong evidence the population mean
is different from 23. Recalibration is necessary.

2. Consider the relationship between this two-sided test and a confidence interval. Without
calculating anything, say whether or not a 95% Z confidence interval for µ would contain 23.

ANSWER: The test showed that µ = 23 is not plausible, so the interval, a range of plausible
values for µ in light of the data, does not contain 23.

3. Find the power of the test for a particular µA.

(a) Find the rejection region for the test in terms of the test statistic (Z). Does the conclu-
sion you would draw from comparing the observed Z to the rejection region match the
conclusion drawn from comparing the p-value to α?

(b) Use Z = X̄−µ0
σ/
√
n

=⇒ X̄ = µ0 + Z σ√
n

to transform the rejection region in terms of Z to

one in terms of X̄.

(c) Suppose the true mean percentage is 23.1%. Find the power of the test.

(d) Suppose we want a power of 90%. What sample size would we need?



Bootstrap Confidence Interval and Test for µ

A simple random sample of 20 heads-of-household of a Long Island neighborhood yielded these
annual salaries (in thousands of dollars) per person:

67, 70, 70, 81, 88, 97, 103, 110, 110, 114, 129, 131, 131, 135, 140, 148, 152, 172, 296, 344

Suppose we want to create a confidence interval and run a test for the unknown mean head-of-
household salary, µ, for this neighborhood.

1. In light of the data, which of the three types of intervals/tests (Z, t, or bootstrap) should we
use? (Hint: Make a normal probability plot.)

2. Find a 90% bootstrap confidence interval for µ using 3000 resamples.

3. Do a bootstrap test at level α = .05 to find out whether these data are strong evidence the
neighborhood mean annual salary is more than 100 (thousands of dollars).

Sign test for an unknown median M

A crop scientist evaluating lettuce yields plants 20 plots, treats them with a new fertilizer, lets the
lettuce grow, and then measures yield in numbers of heads per plot, with these results:

145, 142, 144, 141, 142, 155, 143, 157, 152, 143, 103, 151, 150, 148, 150, 162, 149, 158, 144, 151

Test whether the lettuce data are compatible with a population median of 145, or rather are strong
evidence of a median greater than 145. Discuss whether assumptions for your test are met.


