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Announcements

« Homework 7 due Thursday.

* All remaining assignments and objectives
are posted on the class website.

* Review session for Final: Wednesday 12/12
~ 3:30-5:30pm
— 6:00-3:00pm



Chapter 10
(skipping optional parts of Section 10.5)

e Null & alternative hypotheses
 Typel & Type Il error

* Level of significance

* Power

 Test statistics

e P-values



Estimation vs. Testing

* Ch.8-9 cover estimation, the process of using
data to make a best guess about the value (or
range of plausible values) of a population
parameter.

* Ch.10-11 cover testing, the process of using
data to make a decision about whether or not
the value of a population parameter 1s some
pre-specified hypothesized value.



Null Hypothesis

The null hypothesis 1s a statement of the form
H,: parameter = hypothesized value

It 1s a claim about a population characteristic.

[t 1s the default conclusion, assumed to be true
until rejected 1n favor of an alternative.

* The hypothesized value 1s a single number.



Alternative Hypothesis

The alternative hypothesis 1s a statement of one
of the following forms: Same

value as

H - ter | . . . 1 raNY
ri,. parameicr . nypoulcsizcd valuc 0-

H,: parameter > hypothesized value

H,: parameter < hypothesized value

* [t 1s the competing claim, assumed to be false
until proven true based on sample data.



Rules for Hypotheses

* The following are legitimate hypotheses:

Hy: " =025 vs. E
Hy: " =025 vs. E

Hy: " =025 vs. E
 These are not:

;"1 0.25
L. >0.25
Lo <0.25

Hy: " =025vs. H;: " =0.5
Hy: " >0.25vs. H;: " =0.25



Hypotheses about ”

Example: Proportion of GC base pairs in DNA
* Hy:"=05vs.H,;:" ! 0.5 "two-sided"
Reject 1f the sample proportion p 1s far from 0.5.
« Hy:" =05vs. H;: " >0.5 "greater"
Reject 1f p 1s well above 0.5 (>0.517 >0.75?).

* Hy:" =0.5vs. H;: " <0.5 "less than"
Reject p 1s well below 0.5 (<0.45?7 <0.3?).

Moving the threshold value away from 0.5 makes it
harder to reject unless * 1s very different from 0.5.



Which Hypotheses to Test?

Example: A manufacturer wants to know 1f
mean time until 1ts toasters break 1s longer
than the 2 year warranty.

Hy:nw=2vs.H;: u>2
Example: A politician will only change her

campaign strategy 1f she has less than 60%
support.

Hy: " =0.6 vs. H;: " <0.6



Rejection Decision

After collecting sample data, the hypotheses
H, and H, are evaluated.

H, 1s rejected 1n favor of H, only 1f there 1s
sufficient evidence 1n the sample data to
strongly suggest that H 1s false.

Else H, 1s not rejected.

Decision: Reject Hy vs. fail to reject Hy,.

7 N\

Strong evidence for H, No strong evidence against Hg



Testing Procedures

A hypothesis testing procedure 1s a rule for
deciding 1f you will reject H, (or not) based
on the observed data.

If the test 1s conservative, 1t will tend not to
reject Hy unless the evidence 1s very strong.

In this case, you will rarely reject Hy falsely.

However, you may often fail to reject H,
when 1n fact it 1s not true.



Errors in Hypothesis Testing

Reject  Fail to Reject
True Typel
error
Type 11
False T

P(Type I error) = # = level of significance
P(Type II error) = $
P(reject Hy) = power

Ho

If H, false, power = 1-P(Type Il error) = 1- $



Type I & Type 1l Error

Example: Proportion of GC base pairs in DNA
TestHy: " =05vs. H: " >0.5
1. Suppose " =0.6 (i.e. Hy 1s false).

Rejecting 1s correct.
Failing to reject 1s a Type 1l error.
2. Suppose " =0.5 (i.e. Hy 1s true).
Rejecting 1s a Type [ error.
Failing to reject 1s correct.



Approach to Error Control

« As significance # %% & and hence power %

* The established way to deal with the trade-
off between Type I and Type 1I error:

1. Choose the maximum tolerable significance
level # based on knowledge of the problem.

2. Then, among all level # tests select the one
with the greatest power (i.e. lowest $).

* The significance level 1s determined by the
cost of making a Type I (vs. Type II) error.



Error Rates 1n Practice

Example: Should a bike lane be added?
Hyp: w=15vs. H: > 15

* Type I error means adding the lane when
mean number of accidents 1s actually " 15.

* Type II error means not adding a lane when
mean number of accidents 1s actually > 15.

vs. 0.2?

* Cost of Type I error 1s expense to build. | ,
Type II error 1s possible death.



Power

In addition to the level # of a test, two other
factors affect power (for a fixed level #):

« Sample size: as n &$ Y% so power &

» Discrepancy between true parameter value
and hypothesized value: The farther the
true value 1s from the hypothesized value,
the easier 1t 1s to detect the difference, so a
Type II error 1s less likely and power &



Test Statistics

A test statistic 1s a quantity computed from
sample data that 1s used as the basis for a
rejection decision.

* Typically 1t 1s of the form:
(estimate-hypothesized value)/se(estimate)

* How likely would it be to observe this value
of the test statistic 1f H, true?



P-values

The probability of obtaining a test statistic as
large (or larger) than the one observed,
assuming H, 1s true, 1s called a p-value.

* The p-value 1s small 1f the observed statistic
would be very unusual, given Hy 1s true.

 If the sample data i1s inconsistent with H,
then the test statistic will be large and p-
value will be small.



P-values

e For tests about either * or u, the p-value 1s
an areca under the appropriate curve (z or ¢)

* The area to use depends on H,:
| ( area above test statistic
and below negative test statistic
> ( area above test statistic
< ( area below test statistic



Using P-values

The p-value 1s a single number that summarizes
the evidence for/against H, in the data.

* A rejection decision 1s of the form:
Reject Hy if p-value ' #
Fail to reject Hy if p-value > #

* The value # 1s the significance level of the
test, i.e. P(Type I error), chosen in advance.



Evaluating a Rejection Decision

* Reject Hy if p-value ' #.
— If H,, 1s true, you have made a Type I error (also
known as a "false positive").

— If Hy 1s false, you are correct ("true positive")
 Fail to reject Hy 1f p-value > #.
— If Hy 1s true, you are correct ("true negative")

— If H,, 1s false, you have made a Type II error
(also known as a "false negative")



