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Objective: Students will pertorm hypothesis tests

for population proportions using the z statistic.

Z-test for Proportion

@ Testing a hypothesis about population proportions

@ Compares the proportion of a sample, 6 ,
with the proportion of a pepulation, p.




Objective: Students will pertorm hypothesis tests

for population proportions using the z statistic.

Z-test for Proportion

)

¥ A test of proportion is a binomial test, success or failure.

@ Thus n = np. n is the number of trials, p is the population proportion,
or expected value, and ¢ = ./npq

@ When np and nq are = 10 (or 5) the binomial distribution approaches
normal, thus we can use the normal approximation for testing a hypothesis
about the proportions.




Objective: Students will pertorm hypothesis tests

for population proportions using the z statistic.

Z-test for Proportion

Observed Value (proportion) - Expected Value
standard error

Test Statistic =

Sample proportion - Population proportion

7 =

adjusted standard deviation




Objective: Students will pertorm hypothesis tests
for population proportions using the z statistic.

2. Determine the test statistic and the critical value of the test statistic
(based on @). (Currently t)

2a. Draw, label, and appropriately shade the curve representing Ho 855

3. Find value(s) of the test statistic based on the data and the p-value
for that statistic.

4. Make a decision to Reject or Fail to Reject He.

5. Write your conclusion in a complete sentence. &5




Objective: Students will pertorm hypothesis tests

for population proportions using the z statistic.

GCalcvulator

T
=

¥ To find z when comparing proportions the calculator has a hypothesis test
for proportions.

g
|8 =Y

po: population proportion

x:  observed frequency Must be whole number

n: humber of trials

This is Ba — prop: #po <po >po
Calculate

V@ > TESTS V 5:1-PropZTest

@ Sometimes the problem gives you the count (humber of successes) but
asks for proportion. Sometimes the problem gives you the proportion.
Read the problems carefully!




Objective: Students will pertorm hypothesis tests

for population proportions using the z statistic.

Example the First

@ A female college professor feels that girls are out-performing the college average in her math

class. The college has 927 passing rate in that particular course. If 16 out of 27 females pass
her course, is the professor correct in believing(females pass at a higher rate than on average?
Test at the 0.01 level.

A

p=.92, p=16/27 = .5926,n =27, a = .01

\. Hypotheses

.0

_—
—_
—

Ho: p = .52 and Ha: p > .52




Objective: Students will pertorm hypothesis tests
for population proportions using the z statistic.

class. The college has 927 passing rate in that particular course. If 16 out of 27 females pass
her course, is the professor correct in believing females pass at a higher rate than on average?

Test at the 0.01 level. A
p=.52, p=16/27 = .5926,n =27, a = .01

TI-84

00: .52 prop>.52
X: 16 z=.7550086004
A\l > TESTS VvV 5:1-PropZliest n: 27 p=.2251218385

prop: #po <po p= 5925925926
Calculate n: 27

R




Objective: Students will pertorm hypothesis tests
for population proportions using the z statistic.

class. The college has 927 passing rate in that particular course. If 16 out of 27 females pass
her course, is the professor correct in believing females pass at a higher rate than on average?

Test at the 0.01 level.
0= .52, p=16/27 = 5926, n = 27, a = .01 prop>.52

2. Critical Value

p=.2251218385
phr= .5925925926
We are given the level of significance of .01. A one-tailed
test means all the critical area is above the mean.

n: 27

——

The critical value of the z-statistic
corresponding to a = .01 is...

Invhorm(.99, 0, 1) = 2.3263




Objective: Students will perform hypothesis tests Y Q3 Siin il Y
for population proportions using the z statistic. T VIRIIVIIVe & & )
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@ A fewale college professor feels that girls are out-performing the college average in her math
class. The college has 927 passing rate in that particular course. If 16 out of 27 females pass
her course, is the professor correct in believing females pass at a higher rate than on average?
Test at the 0.01 level.

b= .52, p=16/27 = .5926, n = 27, a = .01 prop>.52
z=.7/550086004
p=.2251218385
3. Caloulate z&p o soosoose
n: 2/
IAD=E=.5926 n=2/
7
__ :5926-.52 0726 ..,
(.52)(.48) -0961
\ 27

p(z > .7551) = normalcdf(.7551, 99, 0, 1) = .2251




Objective: Students will pertorm hypothesis tests

for population proportions using the z statistic.

@ A fewmale college professor feels that glrls are ouf—performmg fhe college average in her math
class. The college has 927 passing rate in that particular course. If 16 out of 27 females pass
her course, is the professor correct in believing females pass at a higher rate than on average?

Test at the 0.01 level.
p=.52, p=16/27 = .5926, n = 27, a = .01 prop>.52
z=.7550086004

0=.2251218385

4. Decigion 0= 5925925926

n: 27/

T

p(z > .7551) = normalcdf(.7551, 99, 0, 1) = .2251 759

1.6449

@ .7551 < 2.33 and .2251 > .01, our z statistic
does not reach the rejection region.

95%

| | | |
-30 -20 -1O0 0 |O 20 30
22 .32 42 .52 .62 72 .82

We Fail to Reject Ho. —




Objective: Students will pertorm hypothesis tests

for population proportions using the z statistic.

@ A fewmale college professor feels that glrls are ouf—performmg the college average in her math
class. The college has 927 passing rate in that particular course. If 16 out of 27 females pass
her course, is the professor correct in believing females pass at a higher rate than on average?

Test at the 0.01 level.
p=.52, p=16/27 = .5926, n = 27, a = .01 prop>.52
z=.7550086004

0=.2251218385
o= 5925925926

9. Conclusion "o

T

@ There is not sufficient evidence to support (it is not plausible to believe)
the suggestion that girls in the female teacher’s class are scoring higher
than the general population.




Objective: Students will perform hypothesis tests

for population proportions using the z statistic.

Example the 2 d

@ An educator estimates that the dropout rate for seniors at high schools in Californiais 11%. Last
year 25 seniors from a random sample of 200 California seniors withdrew. At a =.09 is there enough
evidence to(reject the educator’s claim.

p = .11, p=25/200 = .125, n = 200, a = .05

1. Hypotheses

The null hypothesis is that the proportion of seniors dropping out is not different
from 11% The alternate hypothesis is the proportion of seniors dropping is
different than 11%. Thus this is a two-tailed test.

= .05 Ho: p = .11 and Ha: p # .11

I —
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Objective: Students will pertorm hypothesis tests
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@ An educator estimates that the dropout rate for seniors at high schools in California is 11%. Last
year 25 seniors from a random sample of 200 California seniors withdrew. At a =.09 is there enough
evidence to reject the educator’s claim.

p =.11, p=25/200 = .125, n = 200, a = .05

Run the Test First

Calculator Results
Po: .11 prop #.11
X: 38 Z= .67/79769221
Al > TESTS VYV 5:1-PropZTest - 200 0=.4977861816
prop: i@® <po >Po p=.125
Calculate n: 200




Objective: Students will pertorm hypothesis tests

for population proportions using the z statistic.

@ An educator estimates that the dropout rate for seniors at high schools in California is 11%. Last
year 25 seniors from a random sample of 200 California seniors withdrew. At a =.09 is there enough
evidence to reject the educator’s claim.

prop #.11
0 =.11, p=25/200 = .125, n = 200, a = .05 z= 6779769221
0=.4977861816
e pA= 125
2. Critical Yalue 200

We are given the level of significance of .05. A two tailed test means the
critical area is both above and below the mean.

The critical value of the z-statistic
corresponding toa = .05 is 1.96.

97.5% 2.5%

| |
-30 -20 -lo 0 |O 20 30

975 .| A25 15 175 .2 225

Invhorm(.975, 0, 1)




Objective: Students will pertorm hypothesis tests

for population proportions using the z statistic.

@ An educator estimates that the dropout rate for seniors at high schools in California is 11%. Last
year 25 seniors from a random sample of 200 California seniors withdrew. At a =.09 is there enough
evidence to reject the educator’s claim.

prop #.11

p = .11, p=25/200 = .125, n = 200, a = .05 z= 6779769221
0=.4977861816

3. Calcvilatez & P ph= 125

lZOO -
p=22 _ 125 n=200
200
L 125-11 o0
(.11)(.89)
\' 200

0(z > .6787) = normalcdf(.6780, 10°99, 0, 1) = .2489 x 2 = .4978
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Objective: Students will pertorm hypothesis tests

for population proportions using the z statistic. T VAl @9

@ An educator estimates that the dropout rate for seniors at high schools in California is 11%. Last
year 25 seniors from a random sample of 200 California seniors withdrew. At a =.09 is there enough
evidence to reject the educator’s claim.

prop #.11
p =.11, p=25/200 = .125, n = 200, a = .05 2= 6779769221
o p=.4977861816
4. Decision
n: 200
6787 o
-1.96 1.96

@ .4974 > .05, .6779 < 1.96
SO our z statistic does not
reach the rejection region.

97.5% 2.5%

| |
-30 -20 -lO0 0 |o 20 30
975 N 25 .I5 175 2 225

& We fail to reject the null.




Objective: Students will pertorm hypothesis tests

for population proportions using the z statistic.

@ An educator estimates that the dropout rate for seniors at high schools in California is 11%. Last
year 25 seniors from a random sample of 200 California seniors withdrew. At a =.09 is there enough
evidence to reject the educator’s claim.

prop #.11

o =.11, p=25/200 = .125, n = 200, a = .05 z= 6779769221
0=.4977861816

= A= 125
9. Conclusion jon

© We fail to reject the null.

SRR
)

@ There is not sufficient evidence to reject the educator’s claim of a 11%
dropout rate. In other words, there is not sufficient evidence to claim the
dropout rate is different than 11%.




Objective: Students will pertorm hypothesis tests

for population proportions using the z statistic.

Confidence Interval

™

¥ Now we tie together the idea of hypothesis testing and confidence intervals.

£ When we fail to reject Ho, we are essentially suggesting that the population parameter
will fall within the confidence interval.

& When we reject Ho we believe that the population parameter falls outside the
confidence interval.




Objective: Students will perform hypothesis tests

for population proportions using the z statistic.

3 Cases for a COnﬂdence lnterval

© For a population mean ...

a. o known (or n




Objective: Students will pertorm hypothesis tests

for population proportions using the z statistic.

@ An educator estimates that the dropout rate for seniors at high schools in California is 11%. Last
year 25 seniors from a random sample of 200 California seniors withdrew. At a =.09 is there enough
evidence to reject the educator’s claim.

p =.11, p=25/200 = .125, n = 200, a = .05

Confidence Interval

@ The confidence interval for proportions when a = .05 with a two-talled test, is: C=.9%

X: 25
n: 200
C-Level: .95

(.07917, .17083) Calculate

N A

95%Cl = p +z, , V2

2 n

(125)(.875) The hypothesized proportion of .11 does, in
v200 fact, fall within the confidence interval, thus
confirming our hypothesis conclusion.

Il > TESTS A:1-PropZinterval

95%C/I=.125+1.96

0792<p<.1708




Objective: Students will perform hypothesis tests

for population proportions using the z statistic.

Example !he Sul

@ A 1996 report from the U.S. Consumer Product Safety Commission claimed that at least 907 of all
Awerican homes have at least one smoke detector. A city’s fire department has been running a public
safety campaign consisting of posters, billboards, and ads on radio and TV and in the newspaper. The
city wonders if this concerted effort has raised the local level above the 907 national rate. Building
inspectors visit 400 randowmly selected homes and find that 376 have smoke detectors.

p = .90, p = 376/400 = .94, n = 400, a = .05
Is this evidence that the local rate is higher than the national rate?
Is this “"convincing” evidence that the local rate is higher?

Did the ad campaign raise the local level above the 90% national rate?




Objective: Students will pertorm hypothesis tests

for population proportions using the z statistic.

@ A 1996 report from the U.S. Consumer Product Safety Commission claimed that at least 907 of all
Awerican homes have atf least one smoke detector. A city’s fire department has been running a public

safety campaign consisting of posters, billboards, and ads on radio and TV and in the newspaper. The
city wonders if this concerted effort has(raised the local level above the 907 national rate.)Building
inspectors visit 400 randowmly selected homes and find that 376 have smoke defectors.

0 = .90, p = 376/400 = .94, n = 400, a = .05

1. Hypotherses

The null hypothesis is that the proportion of homes is not higher than 90% The
alternate hypothesis is the proportion of homes is higher than 90%. Thus this is
a one-tailed test.

= .05 Ho: p = .90 and Ha: p > .90

I —




Objective: Students will pertorm hypothesis tests

for population proportions using the z statistic.

@ A 1996 report from the U.S. Consumer Product Safety Commission claimed that at least 907 of all
Awerican homes have atf least one smoke detector. A city’s fire department has been running a public
safety campaign consisting of posters, billboards, and ads on radio and TV and in the newspaper. The
city wonders if this concerted effort has raised the local level above the 907 national rate. Building
inspectors visit 400 randowmly selected homes and find that 376 have smoke detectors.

p = .90, p = 376/400 = .94, n = 400, a = .05

Run the Test First

Calculator Results
Po: .90 prop >po
X: 3760 Z=2.666666667
I\ > TESTS YV 5:1-PropZTest n: 400 p=.0038304251
prop: #po <po p"=.94
Calculate l 400




Objective: Students will pertorm hypothesis tests

for population proportions using the z statistic.

@ A 1996 report from the U.S. Consumer Product Safety Commission claimed that at least 907 of all
Awerican homes have atf least one smoke detector. A city’s fire department has been running a public
safety campaign consisting of posters, billboards, and ads on radio and TV and in the newspaper. The
city wonders if this concerted effort has raised the local level above the 907 national rate. Building
inspectors visit 400 randowmly selected homes and find that 376 have smoke detectors.

p = .90, p = 376/400 = .94, n = 400, a = .05

2. GCritical Yalve

prop >po
Z=2.666666667
p=.0038304251
p"=.94
n: 400

The level of significance is .01. A one tailed test means all the critical area is above the mean.

The critical value of the z-statistic
corresponding to a = .05 is 1.6449,

Invhorm(.95, 0, 1) = 1.6449




Objective: Students will pertorm hypothesis tests

for population proportions using the z statistic.

@ A 1996 report from the U.S. Consumer Product Safety Commission claimed that at least 907 of all
Awerican homes have atf least one smoke detector. A city’s fire department has been running a public
safety campaign consisting of posters, billboards, and ads on radio and TV and in the newspaper. The
city wonders if this concerted effort has raised the local level above the 907 national rate. Building
inspectors visit 400 randowmly selected homes and find that 376 have smoke detectors.

- A B B _ Prop >po
p = .90, p = 376/400 = .94, n = 400, a = .05 =5 BBEEEE667

0=.0038304251

3. Calculatez & p —

n: 400
5: 376 =.94 n =400
400
7= 2%2°9 5 666666667
(.9)(.1)
\' 400

p(z > 2.6667) = normalcdf(2.6667, 99, 0, 1) = .0038




Objective: Students will pertorm hypothesis tests

for population proportions using the z statistic.

@ A 1996 report from the U.S. Consumer Product Safety Commission claimed that at least 907 of all
Awerican homes have atf least one smoke detector. A city’s fire department has been running a public
safety campaign consisting of posters, billboards, and ads on radio and TV and in the newspaper. The
city wonders if this concerted effort has raised the local level above the 907 national rate. Building
inspectors visit 400 randowmly selected homes and find that 376 have smoke detectors.

p = .90, p = 376/400 = .94, n = 400, a = .05

4. Decision

1.6449
2.6667

5%

prop >po
Z=2.666666667
p=.0038304251
p"=.94
n: 400

& .0038 < .05, and 2.6667 > 1.6449 so our
z statistic falls within the critical region.




Objective: Students will pertorm hypothesis tests

for population proportions using the z statistic.

@ A 1996 report from the U.S. Consumer Product Safety Commission claimed that at least 907 of all
Awerican homes have atf least one smoke detector. A city’s fire department has been running a public
safety campaign consisting of posters, billboards, and ads on radio and TV and in the newspaper. The
city wonders if this concerted effort has raised the local level above the 907 national rate. Building
inspectors visit 400 randowmly selected homes and find that 376 have smoke detectors.

- A B B _ Prop >po
p = .90, p = 376/400 = .94, n = 400, a = .05 =5 BBEEEE667

. _ p=.0038304251
® We reject the null. pA=.94

n: 400

5. Conclursion

There is sufficient evidence to suggest that local compliance is greater than the 907 national rate.




Objective: Students will pertorm hypothesis tests

for population proportions using the z statistic.

@ A 1996 report from the U.S. Consumer Product Safety Commission claimed that at least 907 of all
Awerican homes have atf least one smoke detector. A city’s fire department has been running a public
safety campaign consisting of posters, billboards, and ads on radio and TV and in the newspaper. The
city wonders if this concerted effort has raised the local level above the 907 national rate. Building
inspectors visit 400 randowmly selected homes and find that 376 have smoke detectors.

p = .90, p = 376/400 = .94, n = 400, a = .05

Confidence Interval

Since we reject the null we can nail down the conclusion by creating an interval
within which we expect to find the actual compliance rate.

X: 376 (.92047, .95953)
| n: 400 A
Ja) - TESTS v Ad-Propzint o 5=.94
Calculate n=400

— T ——

Note the confidence level.




Objective: Students will pertorm hypothesis tests

for population proportions using the z statistic.

@ A 1996 report from the U.S. Consumer Product Safety Commission claimed that at least 907 of all
Awerican homes have atf least one smoke detector. A city’s fire department has been running a public
safety campaign consisting of posters, billboards, and ads on radio and TV and in the newspaper. The
city wonders if this concerted effort has raised the local level above the 907 national rate. Building
inspectors visit 400 randowmly selected homes and find that 376 have smoke detectors.

p = .90, p = 376/400 = .94, n = 400, a = .05

(.92047, .95953)
D=.94
n=400

When we create our confidence interval, remember that the
hypothesis test was a one tail test. The confidence interval

is always two-tailed. To use the same critical value of the
test statistic, we must change the confidence level.

-30 -20 -lO0 0 |o 20 30




Objective: Students will pertorm hypothesis tests

for population proportions using the z statistic.

@ A 1996 report from the U.S. Consumer Product Safety Commission claimed that at least 907 of all
Awerican homes have atf least one smoke detector. A city’s fire department has been running a public
safety campaign consisting of posters, billboards, and ads on radio and TV and in the newspaper. The
city wonders if this concerted effort has raised the local level above the 907 national rate. Building
inspectors visit 400 randowmly selected homes and find that 376 have smoke detectors.

p = .90, p = 376/400 = .94, n = 400, a = .05

(.92047, .95953)
- p=.94
Confidence Interval 200
5D(Z?)= P _ [(ONCO) 5449 Invhorm(.95, 0, 1) = 1.6449
V400 \ 400

The margin of error (ME) = (z*) SE( p') = 1.6449(0.0119) = 0.0196
98% Cl = .94 + .0196 = (.9204, .9596)

Based on a sample of 400 homes, we are 95% confident the true proportion of
homes with detectors is within 0.94 £ 0.0196 or between 92% and 96%.




