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LECTURE 23: AVOIDING TYPE II ERRORS II
I.

Power
a. The CLT cuts both ways. Just as the hypothesized distribution is
centered on your null hypothesis, there’s an actual distribution
centered on your sample mean.
i. Extreme values on your hypothesized distribution reflect the
chance for Type I error.
ii. Extreme values on your actual distribution reflect the chance
for Type II error.
b. Recall our earlier example: if we had a result of less than 102.8 miles,
we would fail to reject our null hypothesis. What if, by chance, our
sample was under that? Perhaps something happens to be strange
about most of those cars and the sample mean should actually be
much lower? What if we made a Type II error?
i. Now we imagine our sample mean as the null hypothesis; it is
our best estimate, after all.
ii. We also imagine the 102.8 as the mean we could have gotten.
𝑧=

102.8 − 105
12⁄√50

=

−2.2

12⁄√50

=

−2.2
= −1.30
1.697

iii. Finding β involves looking up that value on the z-table:

iv. At a z-score of -1.30, the value is 0.0968. That value is our β.
c. Important in this discussion is the hypothesis test’s power, or the
probability of it correctly rejecting the null hypothesis.
𝑃𝑃𝑃𝑃𝑃 = 1 − 𝛽

II.

i. In the example above, the power of the test is 0.9032; there is a
90.32% chance of correctly concluding the new batteries are
effective.
Too High or Too Low?
a. It’s not a simple matter of “the z-score is always the β.” Sometimes
it’s the power; it depends on if, when determining the critical sample
mean, you added or subtracted.
b. The z-score, by definition, results in the portion of a normal
distribution below that value. In this example,

0.0968 0.9032
102.8 105

c. But suppose instead lower values, not higher values, indicated
statistical significance. Suppose we weren’t testing how far a battery
would take us but how long it took to charge the battery.
i. Suppose it takes 12 hours to charge a battery with a standard
deviation of 1.5 hours. Our new battery takes 10.89 hours based
on a sample of 16 batteries.
ii. At 95% confidence, our new critical sample mean is:
𝑥̅𝛼 = 12 − 1.645 �

1.5

� = 12 − 1.645(0.375) = 11.38 ℎ𝑜𝑜𝑜𝑜
√16

iii. Note that since lower numbers are now interesting, we subtract.
iv. Here’s the z-score:
𝑧=

11.38 − 10.89
1.5⁄√16

=

−0.5
= 1.31
0.375

d. Note the value is now positive. That makes sense as we’re curious
about a different tail. So, let’s look at the z-table.

e. Now here’s the key: remember what the z-score represents. It’s the
portion of the values below the z-score in question. In this case, that
includes our sample mean of 11. In other words, 0.9049 is not β
anymore; it is the test’s power. The β is now 0.0951.

0.9049

0.0951

11 11.38

