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Hypothesis Testing:
D The Critical Value Approach

“‘ Hypotheses Ho: iz g Ho: s g Ho: =g
Haip <o Hai > o Hain# po
Critical Value Z4 2 +2Zyn
(a negative number) (a positive number)  (positive and negative)
Critical Value Reject Hyif Reject Hyif Reject Hyif
Approach test statistic < c.v. test statistic = c.v. test statistic < negative
Rejection Rule c.v. or test statistic =
positive c.v.

Steps for Hypothesis testing (critical value approach):

1./ Set up HO and Ha.
Compute the test statistic (a z-score or t-score).
Find the critical value for the given significance level (a). (See table above.)
Reject or fail to reject HO by comparing test statistic with critical value .(See
table above.)
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Hypothesis Testing:
D The p-Value Approach

“ Hypotheses [T T Hy: <o Hoip =g
Hal < g Hai = o Hal i # o
p-Value P(z < test statistic) P(z = test statistic) 2 x (z = test
statistic)
p-Value Reject H, Reject H, Reject H,
Approach if p-value < a if p-value <a if p-value < a

Rejection Rule

teps for Hypothesis testing (p-value approach):

. Setup HO and Ha.

. Compute the test statistic (a z-score or t-score).

3. Find the p-value. (See table above.)

. Reject or fail to reject HO by comparing p-value with a. (See table above.)
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- Critical Value Approach
and p-Value Approach

Q In a Critical Value Approach, we compare test statistic with the
critical value for a particular significance level (a).

Q In a p-Value Approach, we compare the p-value associated with
the test statistic with the significance level.

Q Though we are comparing different things in these two different
approaches, we have been using the same test statistic and the
same significance level. It's not surprising that the conclusions
from the two different approaches are the same. Either all reject
or all fail to reject HO.
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J) Different outcomes from hypothesis tests

e 1 We reject HO when in reality HO is false.

Outcome 2 We reject HO when in reality HO is true. Type 1 Error
Outcome 3 We failto reject HO when in reality HO is false. Type 2 Error
Outcome 4 We failto reject HO when in reality HO is true. Good
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Type | Error: Reject a true HO

HO s true.

Critical yalue
/
|

Type | error —| \_

Prob (making a Type | error) = significance level (a)
\ Remark: In general, the significance level is given.
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Type 2 Error: Fail to reject a false HO

itical value
/’/GK\
|

XD nelb

/ \ HO is false, so Ha is true

Type |l error

Prob (making a Type Il error ) =8

1-B is called “power”. It's the probability that we are able

to reject the null when the null is false.
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Type | and Il Errors, Rejection Region

P tType I error) = o

Type | error

Power=1-§
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Innocent Until Proven Guilty
Type | and Il Errors

THE AMERICAN SYSTEM OF CRIMINAL JUSTICE:

Conclusion

INNOCENT UNTIL PROVEN GUILTY

Hy: The defendant is innocent.

H,: The defendant is guilty.

TRUTH

H, True H, False
Fail to reject | Correct Conclusion Type Il Error
Hﬂ
Reject H, Type | Error Correct

Conclusion
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Verdict

Innocent Until Proven Guilty
Type | and Il Errors

THE AMERICAN SYSTEM OF CRIMINAL JUSTICE:
INNOCENT UNTIL PROVEN GUILTY

Hy: The defendant is innocent.

H,: The defendant is guilty.

Truth
Not Guilty Guilty
Not Guilty Correct Conclusion Guilty people
goes free (Type I
Error)
Guilty Innocent people goes | Correct
to jail (Type | Error) Conclusion





image1.png
Step 1: Null and Alternative Hypotheses

NuII Hypothesis (H,):
A tentative assumption about a population parameter (e.g.,
population mean y, population proportion p)

- ‘“status quo” or “default”

- An assumption to be challenged

Can be disproven, never proven

has an =, <or=

statement that is opposite of the null hypothesis
research hypothesis

‘new claim”, “what we want to show” or “what we want to
check”

-\\Can be proven, never disproven

Iways has a #, < or >
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Step 2: Calculate a Test Statistic

-- Test statistic measures the distance between H; and the
evidence from the data (a z-score or t-score)

Hol ' =Ho Ho: P = Po

Evidence: X Evidence: ﬁ

B= X— N n
Ho o (= Hy Test statistics: 2= S

o s Po1-p,)

Vn Jn n

Test statigtic: z=
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Step 3: Is the evidence far
enough from H, to reject H,?

®» |f the evidence is further than a cutoff (critical value
approach, aka traditional method)

®» |f the probability outside the evidence is small (p-value
apppoach)
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Example 1- critical value approach

set up a customer service goal that the mean waiting time for its customers will be less than 2
. The bank randomly samples 30 customers and finds that the sample mean is 112 seconds.
|Assuming that the sample is from a normal distribution and the standard deviation is 28 seconds, can the
“‘ bank safely conclude that the population mean waiting time is less than 2 minutes? Assume « =1%

Step 1: Hy: g =120, H,: g <120 (a lower tailed test)
Step 2: test statistic: z =-1.565
Step 3: critical value =-2.33

Evidengé gets stronger
in supporting H, Nolevidence to support H,

Step 4: Conclude: whether or not to
reject the null.

Compare critical value with test
statistic.

Rejection region: test statistic is to the
left of the critical value.
Because test statistic (-1.565) is
0 closer to the null than the critical value
- valie: :; ggf\«. =120 (-2.33) to the null, we do not reject H,
at 1% significance level .
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P-Value Approach

‘c“- P-value is probability of obtaining the “evidence” if the null is
true.

= p-value = Prob (obtaining a test statistic that is further away
from the null than our test statistic)

» Smallp-values indicate more evidence to against the null

= Coynpare p-value with significance level
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Example 1- p-value approach

set up a customer service goal that the mean waiting time for its customers will be less than 2
. The bank randomly samples 30 customers and finds that the sample mean is 112 seconds.

|Assuming that the sample is from a normal distribution and the standard deviation is 28 seconds, can the
“‘ bank safely conclude that the population mean waiting time is less than 2 minutes? Assume « =1%

‘ Step 1: Hy: g =120, H,: g <120 (a lower tailed test)
Step 2: test statistic: z =-1.565

Step 3: p-value = Prob (obtaining a test statistic that is further away from the
null than our test statistic)

Evidengé gets stronger
in supgorting H, vidence to support H,
p-value = Pr( z < -1.565 ) = 0.0582
P- value If p-value < q, then reject H,.
If p-value > a, then do not reject H,.
Because p-value (0.0582) > a (0.01),

we do not reject Hy at 1% significance
21595, 10 level.





