Hypothesis Testing

Statiskics
Mean Never
Having to Say
You're Certan

[Example:

A virus has attacked the bean population and is expected to survive a mean duration of time equal to 38.3 months with
a standard deviation of 6.5 months. Investigators are hopeful that a new therapy will affect survival. Suppose that the
new treatment is administered to 100 cultures. It is observed that the average survival time is 37 months. Is survival

statistically significantly changed (5%) with receipt of the new treatment ?
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Example:

A virus has attacked the bean population and 1s expected to survive a
mean duration of time equal to 38.3 months with a standard deviation
of 6.5 months. Investigators are hopeful that a new therapy will affect
survival. Suppose that the new treatment is administered to 100
cultures. It 1s observed that the average survival time is 37 months. Is
survival statistically significantly changed (5%) with receipt of the new
treatment ? or Can you be 95% confident that the new therapy does
cahge the mean survival time?

If our confidence interval contains the value

n =100 Confidence = 0.95 claimed by the null hypothesis, then our sample
Xo = 37 result is close enough to the claimed value, and
sigma = 6.5 we therefore do not reject Hp.

Margin of error, E = 1.273

If our confidence interval does not contain the
value claimed by the null hypothesis, then our

95% Confident the population mean sample result is different enough from the claimed
is within the range: value, and we therefore reject Hp.

35.726 < mean <38.273
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The Null Hypothesis
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H . Reject Ho or Fail to Reject Ho hypO‘H']eSI S

Why Dont Statisticians ACCEPT the Null Hypothesis?
To understand why we dont accept the null, consider the fact that you cant prove a negative. A lack of evidence only
means that you havent proven that something exists. It does not prove that something doesnt exist. It might exist, but
your study missed it.

Example:

A virus has attacked the bean population and is expected to survive a mean duration of

time equal to 38.3 months with a standard deviation of 6.5 months. Investigators are

hopeful that a new therapy will affect survival. Suppose that the new treatment is

& | administered to 100 cultures. It is observed that the average survival time is 37 months. »
Is survival statistically significantly changed (5%) with receipt of the new treatment ?



Two Tailed Test

38.3

Example:

A virus has attacked the bean population and is expected to survive a mean duration of time equal to 38.3 months
with a standard deviation of 6.5 months. Investigators are hopeful that a new therapy will affect survival.
Suppose that the new treatment is administered to 100 cultures. It is observed that the average survival time is 37
months. Is survival statistically significantly changed (5%) with receipt of the new treatment ?
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Two Tailed Test

38.3

Example:

A virus has attacked the bean population and is expected to survive a mean duration of time equal to 38.3 months
with a standard deviation of 6.5 months. Investigators are hopeful that a new therapy will affect survival.
Suppose that the new treatment is administered to 100 cultures. It is observed that the average survival time is 37

months. Is survival statistically significantly changed (5%) with receipt of the new treatment ? |
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Two Tailed Test

p-value =z(-2.000) = 0.045

-2.000 | | l
CV =2 0.025 =-1 .959 +1.959

38.3

Example:

A virus has attacked the bean population and is expected to survive a mean duration of time equal to 38.3 months
with a standard deviation of 6.5 months. Investigators are hopeful that a new therapy will affect survival.
Suppose that the new treatment is administered to 100 cultures. It is observed that the average survival time is 37

months. Is survival statistically significantly changed (5%) with receipt of the new treatment ? |
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A PROBABILITY STATEMENT WHICH
ANSWERS THE QUESTION: IF THE
NULL HYPOTHESIS WERE TRUE, THEN
WHAT 15 THE PROBABILITY OF
OBSERVING A TEST STATISTIC AT
LEAST AS EXTREME A% THE ONE WE
OBSERVED?

™~
THE SMALLER
THE P-VALUE,
THE $TRONGER
THE EVIDENCE
AGAINST H,

The p-value is the area in the appropriate tail(s) of the distribution of the
test statistic ( 7.5 ) when Hy is true. That is the p-value will be

-

p-value <a

p-value < O

Z = 2.10 = p-value = 0.0179

p - value

p(observing a test statistic as extreme or more extreme than we have | H o 18 true) = p-—value

|
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Two Tailed Test
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38.3

Example:

A virus has attacked the bean population and is expected to survive a mean duration of time equal to 38.3 months
with a standard deviation of 6.5 months. Investigators are hopeful that a new therapy will affect survival.
Suppose that the new treatment is administered to 100 cultures. It is observed that the average survival time is 37

months. Is survival statistically significantly changed (5%) with receipt of the new treatment ? |
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Left Tailed Test

38.3

Example:

A virus has attacked the bean population and is expected to survive a mean duration of time equal to 38.3 months
with a standard deviation of 6.5 months. Investigators are hopeful that a new therapy will affect survival.
Suppose that the new treatment is administered to 100 cultures. It is observed that the average survival time is

36.8 months. Is survival statistically significantly lowered (5%) with receipt of the new treatment ?
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Right Tailed Test

Example: 38.3
A virus has attacked the bean population and is expected to survive a mean duration of time equal to 38.3 months
with a standard deviation of 6.5 months. Investigators are hopeful that a new therapy will affect survival.
Suppose that the new treatment is administered to 100 cultures. It is observed that the average survival time is
38.8 months. Is survival statistically significantly increased (5%) with receipt of the new treatment ?
_» |

Is this increase statistically significant, or is it likely to
imply the result of chance variation?



Hypothesis Testing

e Technically, Hy is constructed as the opposite of H, .

* Hypothesis testing is just a probability calculation based on
real world data.

e Hypothesis testing doesn't PROVE anything - it assesses, by
counterexample, if it seems to be likely that Hy, is false.
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Hypothesis Testing
(Type I and Type II errors)

correct Type | Error

} You're
pregnant!

“4
8
'bc g \ i -
error L kt ‘

also known as a "false positive" finding or conclusion;

Type I

wrong

Hqg : You are NOT pregnant.
wrong 0 preg

Type 11

error

also known as a "false negative" finding or conclusion;

Type Il Error
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correct N
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Hypothesis Testing
. p(Type I(W_) =

p(inconectly rejecting H, | H, is true) = 0o

Type | Error

true

reject Type 1

H wrong

0

error

Ho : You are NOT pregnant.

"false positive"

e Set by the researcher and is based on how serious the
consequences of the situation are.
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Hypothesis Testing
* plypell| ' =p

p(incorrectly failing to rejectH,, | B o 18 false) = p

H

0

"false negative"

wrong

Type II

accept

false

Ho : You are NOT pregnant.
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You're not | ©

... Ppregnant!

Type Il Error




Example:

450

For a mean of 450, standard deviation of 60, sample size of 9, x = 500

and significance 0.05. The critical x value for a test statistic
with a = 0.05 would be

- o
X=X+ Z505| ——
UU( "nJ

=450 + 1.645(60J =482.9

7o
B would be the probability associated with our TS,
that is,

p(zis TS)

p|zis 482'%5 X0 1= p(zis 0.8551):@
Jo

NOTE: to decrease f you would have to increase o . The only way to
decrease both o and f would be to increase the sample size!

e See - Errors_and_Power.xls
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Alternative Hypothesis:
Significance:
Claimed Mean:

Population Standard Deviation:
(if known)

3) Population Mean < Claimed Mean

Use Data

Sample Size, n:
Sample Mean:

Sample Standard Deviation, s:

Example: Calculating the probability of a Type Il error.

e For a mean of 450, standard devation of 60, sample size of
9, with claimed mean 500 and a = 0.05, the critical x-value is

Hypothesis Test: Mean-One Sample

B

0.05 . — r
Alternative Hypothesis: () Hypothesis Test: Mean-One Sample
500 H < uchyp)d
60 z Test Alternative Hypothesis: 3) Population Mean < Claimed Mean a
Test Statistic, z: -2.5000
Critical z: -1.6449 fanic .
P-Value: 0.0062 Significance: 0.0 Alternative Hypothesis:
Claimed Mean: 500 p < uChyp)
90% Confidence interval:
9 417.103 < p ¢ 482.897 P.opulation Standard Deviation: 60 z Test
450 (if known) Test Statistic, z: -0.8555
Critical z: -1.6449
10 0.1961 ¢——
Use Data ﬂ
Evaluate e dénce interval:
ample Size, - 93 < u < 515.787
Plot

Print Copy Sample Mean:

Sample Standard Deviation, s:

Evaluate

Plot

Print Copy

NOTE: to decrease f you would have to increase o . The only way to
decrease both o and f would be to increase the sample size!

e See - Errors_and_Power.xls



@stical pov@che power of a hypothesis test is the probability that the test correctly
rejects the null hypothesis.

Power is the probability of rejecting the null hypothesis when, in fact, it is false.

Power is the probability of making a correct decision (to reject the null hypothesis) when
the null hypothesis is false.

Power is the probability that a test of significance will pick up on an effect that is present.

Power is the probability that a test of significance will detect a deviation from the null
hypothesis, should such a deviation exist.

Power is the probability of avoiding a Type Il error.

Power = 1 - /3

p(cnrrectly rejecting H, | H, is fa]lse) =1-

from the previous example, the power of our test
- | wouldbel-Bor 1-0.280 = 0.729 » |




