P-VALUES AND
CAUTIONS ABOUT
TESTS

MATH 2300
Sections 9.3, 9.4 and 9.5, Part 2

P-Values

« The probability of obtaining a test statistic at least as
extreme as the test statistic we calculated from the
sample.

« Assuming H, is true!!!

- The smaller the P-value, the stronger the evidence

against H,.

» Provide another method to determine whether the null
hypothesis should be rejected.
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The Decision Rule

- If the P-Value is less than or equal to a, reject the null
hypothesis in favor of the alternative.

- If the P-value is greater than a, do not reject the null
hypothesis.

Example

« P-Value = 0.1142

« Would you reject H, at the following significance levels?

«a=0.01
- a=0.05
«a=0.10
+a=0.15
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The Three Sets of Hypotheses

Hypothesized value for the mean is .

Lower Tail Test: Hy: p=py
Ha: u < Ug

2%
Upper Tail Test: Hy: p=pp f .
Ha: u > MO
2%
Two Tail Test: Hy: p= Ho
Ha: u = ”0

2%

CASE |

Z-test
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P-Values for the Z-test:
Use Table I
Alternative Hypothesis P-Value
u>u, 1- (proportion less than z)
u<u, Proportion less than z
w#u, 2*(proportion less than -|z|)

Example: Different Alternatives

If z=-2.1, find the p-value when:

a) Hpi:u>u,
b) Hi:u<u,
¢c) Hiu=u,
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Formal Steps for a Hypothesis Test

Using P-Values

State H, and H,.

Calculate the test statistic.

Calculate the P-value.

Reach conclusion about H, using the decision rule.

State your conclusion in the context of your specific
study.

o kw0 Dn =

Example: Cereal

Q. Does an average box of
cereal contain more than
368 grams of cereal? A
random sample of 25 boxes
showed X =372.5. The
company has specified G to
be 15 grams. Test at the o =
0.05 level.




Example: Cereal Hy: 1= 368
H,: u> 368

P-Value =.0668
1.0000
=.9332
.0668
/ 0 150 z
From Table A: Lookup 1.50 to Observed Value of Z-statistic ‘
Obtain P(Z <1.50 ) = .9332

P-Value =0.0668: Do Not Reject at o = .05

P-Values for t-tests

- Can be obtained similarly for the t-test, but in order to
calculate them exactly, you either need:
- yet another table
- calculator or computer software
- Table A.5 can let you determine and upper and lower
bounds for P-Values
« Can be useful to get the general idea, but not so practical
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CASE I

T-test
P-Values for the Z-test:
Use Table IV to Approximate
Alternative Hypothesis P-Value
u>u, 1- (proportion less than t)
u<u, Proportion less than t
w#u, 2*(proportion less than -[t|)




Example: Apartment Rent

A random sample of n = 10 apartment rents:

500,650,600,505,450,515,495,530,650,395

Is the mean rent greater than $500?

H,: u=500
Let o= 0.05. o-
% = 529.0 Hai > S0
s—82.5 |mmm) [BEH0_
A
n=10

Example: Apartment Rent

n-1 =10-1 =9 degrees of freedom

P-value = proportion greater than 1.112

H,: u>500

Table D

j ;9 d.f.

t=1.184

Tail probability p

0.25 020 0.15 0.10 0.05 0.025

0.703 0.883 1.100,1.383 1.833 2.262

0.10 < p-value < 0.15

Do Not
Reject H,
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Statistical Significance

- An event is said to be statistically significant if it is
unlikely to occur by chance alone.

« If the P-Value < a, then our parameter of interest is
significantly different than the value claimed in H,,.

Cautions

« There is no sharp border between “significant” and
“insignificant,” only increasingly strong evidence as the P-
Value decreases.

« Statistical significance is not the same as practical significance.

« Badly designed experiments will produce useless results.
- It’ s important to know how the data was produced.

« As always, be aware of outliers.




