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AP Statistics — 9.1C
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Goal: Understanding Power and review Type | and Type Il Errors

|. Review:
a) Fill in the table - Type | error, Type Il error, Power, a, B
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b) Define (using your own words)
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ll. Example “Faster fast food?” The manager of a fast-food restaurant want to reduce the proportion of drive-through
customers who have to wait more than 2 minutes to receive their food once their order is placed. Based on store
records, the proportion of customers who had to wait at least 2 minutes was 63%. To reduce this wait time
proportion, the manager assigns an additional employee to assist with drive-through orders. During the next month
the manager will collect a random sample of drive-through times.

Problem 1: State appropriate null and alternative hypotheses in symbols and words. Be sure to define your
parameters.
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Problem 2: Describe a Type [ and a Type II error in this setting and explain the consequer es of each.
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Problem 3: Suppose that the manager decided to carry out this test using a random sample of 250 orders and a
significance level of & = 0.10.

e Make a graph labeling the population parameter, a, the rejection region and fail to reject region,
e What is the probability of a making a Type I error? P C_T N PE I) =od =.10
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Problem 4: From the random sample of 250 orders, the manager found 134 customers (about 53%) waited more than 2

minutes to receive their food once their order was placed. Based on this sample, the resulting P-value was .001.
® Add the P-value and sample statistic to the above graph.

L\P‘ e Based on this information what conclusion would you make?
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I Appendix: 9.1B Activity — Teacher Notes |

Power Demonstration: How would the following changes affect the power of the test?

Example “Faster fast food?” H,:p=0.63 versus I :p<0.63

He found from the random sample of 250 orders, that 53% of customers waited more than 2 minutes to receive their food once their

order is placed.

(a) Reduces the significance level: ¢=0.10 2 a=0.01.

Launch applet
o [mpraoved Batting Averages (Power)
e www.rossmanchance.com/applets

For our test of:
Ho: p =0.63
Ha: p <0.63
We assume:
phat = 0.53, n =250, o = 0.10

Step 1 - Enter
e 0.63 for the hypothesized value of p or 7

e (.53 for the alternative hypothesis
e 250 for the sample size, and

e 10,000 for the number of samples.
e Press Draw Samples.

Step 2 - Enter

e In the drop down menu that says
“Choose option,” choose Level of
Significance and enter 0.10 for .

e Press “count”

e Result: Power of the test is ~97% and
B=.03

Power Simulation

Step 3 -
e Change the value of @ =0.01 and
e Press Count.

How does the power change?
e Result: Power of the test is ~82% and
p=.18

Hypothesized value of x
Alternative value of z

Sample size {350

Number of samples [1oao0 Total = 10000

Draw Samgles|

Level of Significance.  ~

Empirical Level of Significance 917/10000 = 0 0817

Approximate Power 9738/10000 = 0 9738

a=0.01
Power Simulation

a

Hypothesized

21

ur
125

X= Number of
Altern ative

X= Number

X< 147
suceesses

SuCGesses

Hypothesized value of » 0.63
Alternative value of » 0.53

Sample size |25:|

Number of samples [toaoo Total = 10000

Draw Samgles l

Level of Significance  «~

Empirical Level of Significance 96/10000 = 0 0096

08158

Approximale Power 8155/10000 =

48R

28

166

Hypothesized

o
125

165

X% 139

X = Humbgr of successes

Aitemn ative




Example 5

Hypothesis Sample Results
H,:p=0.63 n=250 x=134 p = -%; ~ .53
H,:p<063 P-value =.001

“Power Demonstration” How would the following changes affect the power of the test?

(a) For g=.10, use a simulation to sketch the null and | (b) To reduce the possibility of a Type I error and

alternative hypothesis. Find B and power. avoid the }')ossibility of unnecessarily paying an
extra employee, the manager reduces the
= = 2,\0 . ——
=10, 8=230 oA 3\ significance level from 0.10 to 0.01.
4 a=.01, n=250

Summaa
_____"' SUmMﬁa_‘f
Nn=aso
X =,10 :{”SOI 3
=,0
A B =87

Pou:ler:.,f‘)?- Pﬂwer:.?l\b
%
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(b) Reduces the sample size: n=250 = n=100. Use ¢=0.10

(c)

Step 4 -

e Reset

e Change the sample size to 100
e Draw Samples

e Choose o=.10

e Press “count”

How does the power change?
¢ Result: Power of the test is ~75%
and f=.25

Power Simulation

Hypothesized value ofz. [o63

Alternative value of 7.

Sample size 1100

humber of samples:[iopag Total = 10000

Draw Samples i

Level of Significance: -

Empirical Level of Sianificance: 867/10000 = 0.0867

Approximate Power 7545/10000 = 0 7545

Hypothesized

Altemative

x= Nmmlu--ln-! successes

v

X, < 88

Reduces the sample size: n=250 = n=100.

Use 0=0.01

Step 5 -
e Change the value of .= 0.01

e Press “count”™

How does the power change?
e Result: Power of the testis ~37%
and p=.63

Power Simulation

Hypothesized value of 3 0.63
Alternative value of = 0.53

Sample size [o5

Number of samples |1cmoo Total = 10000

Draw Samgles I

Level of Significance:

Empirical Level of Significance 94/10000 = 0.0094

Approximate Power 372710000 = 0 3727

Hypothesizad

23 41

Altemative

23 L

50 7T
151
X.= Nungber of successes

50 ki d
X %51
X = Number of
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“Power Demonstration (continued)” How would the following changes affect the power of the test?

(c) To get faster results, the manager reduces the (d) To get faster results, the manager reduces the
sample size from 250 to 100. Use ¢=,10 sample size from 250 to 100. Use a=.01
a=.10| n=100 3, i a=.01} n=100 .},
£ =2,0
X =16 - :
B=.27
B =.3s
Power= (L3
’-Fc:u.:ep = .78
PP ——
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n= .o nN=sSoo

“Thean 1) ﬁ,.—._o]

Tovoes =. 99
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What happens when you increase a?
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Q/ T EJ\L' e dlf&cfl‘é
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What happens when you reduce sample size (n)?
J/ N o« Neo c,\naﬂa)— * Scmple size and powe~
+T ave. direck l«-&f releted

?qu_,f \]/

Which error(s) can the researcher control?

. " — Id conside-
RcSeamL\ee" Ccocn) Se-+ X on l%. ( ui‘r:Ph:z+ c"' B ani ﬂ}um.r)

What do you do to maximize the power of a test?

)

R¢searghe/s went Yo MaximMm L Powesr |

@ ch coSe as high en & (TYFE b Ef.ene.) as

YOu. G e u._x.ll,a\n%_ +©o s k
@ ChoogL as \avag o ng{old Size as

YO"LL C.om O ,—d i

POLAJQ{\/T ‘t\'\f’_\r—\ —3 O(T en d H’T



| 2003 Problem #2 - _

When a law firm represents a group of people in a class action lawsuit and wins that lawsuit, the firm
receives a percentage of the group’s monetary settliement. That settlement amount is based on the total
number of people in the group - the larger the group and the larger the settlement, the more money the
firm will receive.

A law firm is trying to decide whether to represent car owners in a class action lawsuit against the
manufacturer of a certain make and model for a particular defect. If 5 percent or less of the cars of this
make and model have the defect, the firm will not recover its expenses. Therefore, the firm will handle
the lawsuit only if it is convinced that more than 5 percent of cars of this make and model have the
defect. The firm plans to take a random sample of 1,000 people who bought this car and ask them if
they experienced this defect in their cars.

(a) Define the parameter of interest and state the null and alternative hypotheses

Scoring: <
that the law firm should test. | Porticl iF omuy s rate 4 |
@ P =trve P/‘QPU/"}'T‘OI\J oF PEFECTS Foe
o CalhS oF A CERTAIN MAKE + 7oREL
A
o w\ -
EPI "
H',q R >, 095
(b) In the context of this situation, describe Type | and Type Il errors and describe
the consequences of each of these for the law firm.
st TYPET £aeoe Reject Wo wnen Ho 1s TRVE

9\"0‘,\‘\’?‘1‘ «»‘*{ ,y"’ CQNTE)'.T—-—) THE LA Firm RELIEVES THAT
{EPI,‘)C-"‘;J&? THE PeolceTign oF cArRS THAY RAas DEFECTS
) GreATEZ Twan o5 WHEN IN FACT I T HAS
NOT CRANCED ’ )
JoNSEQUENCE THE LAW Fi2m THIKED THE CASL

'\ i B
L el BuT wict NoT RECOVER EXFPFA 555’("“"’3 ‘*"”)
EPI -
5 TYPE L €RRoR  FiiL v ReFecT Ho wHen HaTeog,
Lo sRRS* CoTERT — TRE Law Fflam beLieves DEFECTS
~ z

b ] 9 5‘7.9, WHeENn IN FTAcT bDEfgcrs AAKE

(,\02:: aogr’:’e GREATE R T W AN s % Total.__/4
o
- LONSEQUENCE Twe LawFiRM RECJISES THE
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