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;‘, Population Proportion

Chopter @ Hypothesis Tests

In this section we show how to conduct a hypothesis test about & pog
Using p, to denote the hypothesized value for the population pr
for a hypothesis test about a population proportion are as follows.

Hyp =py Hy: p = p, Hy p = py
H,: p<<p, H,;:p>p, H, p+py

The first form is called a lower tail test, the second form is called = =
third form is called a two-tailed test.

Hypothesis tests about a population proportion are based on the &
sample proportion p and the hypothesized population proportion ». T8
conduct the hypothesis test are similar to those used for hypothesis e
mean. The only difference is that we use the sample proportion 222 -
compute the test statistic. The p-value approach or the eritical valos s
to determine whether the null hypothesis should be rejected.

Let us consider an example involving a situation faced by Pins T
the past year, 20% of the players at Pine Creek were women. Iz == oF
proportion of women players, Pine Creck implemented a special ze
attract women gollers. One month after the promotion was imples -=~--1"
ager requested a statistical study to determine whether the proporos =
Pine Creek had increased. Because the objective of the study is 1o S
proportion of women golfers increased, an upper tail test with Z_ » =
The null and alternative hypotheses for the Pine Creck hypothesis =0 &

Ly

Hyp= 20
H:p> .20

If H, can be rejected, the test results will give statistical support for S o
proportion of women golfers increased and the promotion was bensfioe
specified that a level of significance of @ = .05 be used in carrving o= =

The next step of the hypothesis testing procedure is to selec & =
the value of an appropriate test statistic. To show how this step is dome &
tail test, we begin with a general discussion of how to compute the vaiae
any form of a hypothesis test about a population proportion. The sa= =
point estimator of the population parameter p, is the basis for develosss

When the null hypothesis is true as an equality, the expeci=s =
hypothesized value p,,; that is, £( p) = p,. The standard error of 7

o = Poll — py)
Al VA

In Chapter 7 we said that if np = 5 and n(l — p) = 5, the samplas &
be approximated by a normal distribution.’ Under these conditions. s
practice, the quantity

P~ Pa
5

<~

“In most applications involving hypothesis fests of @ population proportion, sampla s==e = &
mal approximation. The exact sampling distribution of 7 is discrete, with the probabiliny f=r sz
distribution. So hypethesis festing s o bit more complicated for small somples when #2 seeme
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440 Chapter 9 Hypothesis Tests

Again, we see that the p-value approach and the critical value approach lead to the same
hypothesis testing conclusion, but the p-value approach provides more information. With &
p-value = .0062, the null hypothesis would be rejected for any level of significance greates
than or equal to ,0062,

Excel can be used to conduct one-tailed and two-tailed hypothesis tests about a population pro-
portion using the p-value approach. The procedure is similar to the approach used with Excel
in conducting hypothesis tests about a population mean. The primary difference is that the tes
statistic is based on the sampling distribution of ¥ for hypothesis tests about a population meas
and on the sampling distribution of 7 for hypothesis tests about a population proportion. Thus.
although different formulas are used to compute the test statistic needed to make the hypothesis
testing decision, the computations of the critical value and the p-value [or the tests are identical
We will illustrate the procedure by showing how Excel can be used to conduct the uppes
tail hypothesis test for the Pine Creek golf course study. Refer to Figure 9.10 as we describs
the tasks involved. The formula worksheet is in the background; the value worksheet is
in the foreground.
Enter/Access Data: Open the DATAfile named WomenGolf. A label and the gender of
each golfer in the study are entered into cells A1:A401.
Enter Functions and Formulas: The sample size, response count, and sample propor-
tion are calculated in cells D3, D3, and D6. Because the data are not numeric, Excel’s
COUNTA function, not the COUNT function, is used in cell D3 to determine the sample
size. We entered Female in cell D4 to identify the response for which we wish to compuis
a proportion, The COUNTTF function is then used in cell D5 to determine the number of
responses of the type identified in cell D4, The sample proportion is then computed in cell
D6 by dividing the response count by the sample size.

The hypothesized value of the population proportion (.20) is entered into cell D8. The
standard error is obtained in cell D10 by entering the formula =SQRT(D8%(1-D8)/D3). The
formula =(D6-D8)/D10 entered into cell D11 computes the test statistic z (2.50). To com-
pute Lhe p-value for a lower tail test. we enter the formula =NORM.S.DIST(D11,TRUE

URE .10 EXCEL WORKSHEET: HYPOTHESIS TEST FOR PINE CREEK GOLF COURSE

= — — =

B A
Hvpotliesis Test about

Sample Slze =COUNTAIAZ:AL0])
Respeonse of Interest
Count for Response =COUNTIF{AL:A20].T

Sample Proportion =D3/D3

DATA/!

L Sample Size
WomenGolf §

Response of Interest

sthe d Value 0.
Bypothexzed Vaiye, 0.1 Count for Response
g
; Sample Proporrion
10 Senadard Erver =SQRT 1-BE)D3 y =
1 sl 8 ie z =(DE-DSYDIO y
N Tout Statlstie ¢ S{DEDEID Hypothesized Value
3 -vi =NORM.S DISTMILTRUE) =
13 p-valhe |L:m i Tm.} NORMS DISTMILTR 10| Eemgls Standard Error
14 p-value (Tpper Tall) =|-D 11 Male Test Stathstic z 2
15 p-vulue (TwoTail) =2*MIN(D1sD14) ) Eatis
12 Male
18 13 Male p-value (Lower Taily
- 14 Male p-value (Upper Tally
401 Mals CARE Y 3
“F 15| Male z-value (TwoTally
a2 16| Female
Note: Rows 17-399 400 Male
A0l Mal=

are hidden.
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Chapter 9 Hypothesis Tests

Methods

3s.

36.

Consider the following hypothesis test:

Hy:p=.20
H;:p+# .20

A sample of 400 provided a sample proportion g = .175.

a. Compule the value of the test statistic.

b.  What is the p-value?

¢. Ata = .03, what is your conclusion?

d. What is the rejection rule using the critical value? What is your conclusion?

Consider the following hypothesis test:

Hyp=.75
Hrp <75

A sample of 300 items was selected. Compute the p-value and state your conclusion for
gach of the following sample results. Use & = .05.

a. p=.68 ¢c. p=.70

p=.72 d. p=.77

o

Applications

37

38.

The U.S. Bureau of Labor Statistics reports that 11.3% of U.S. workers belong to unions

(BLS website, January 2014). Suppose a sample of 400 U.S. workers is collected in 2014 1o

determine whether union efforts to organize have increased union membership.

a. Formulate the hypotheses that can be used to determine whether union membership
increased in 2014,

b. If the sample results show that 52 of the workers belonged to unions. what is the
p-value for your hypothesis test?

¢. Ata = .05, what is your conclusion?

A study by Consumer Reports showed that 64% of supermarket shoppers believe supermar-
ket brands to be as good as national name brands. To investigate whether this result applies
to its own product, the manufacturer of a national name-brand ketchup asked a sample of
shoppers whether they believed that supermarket ketchup was as good as the national brand
ketchup.

a. Formulate the hypotheses that could be used to determine whether the percentage of
supermarket shoppers who believe that the supermarket ketchup was as good as the
national brand ketchup differed from 64%.

b. Ifasample of 100 shoppers showed 52 stating that the supermarket brand was as good
as the national brand, what is the p-value?

¢, Alta = .05, what is your conclusion?

d.  Should the national brand ketchup manufacturer be pleased with this conclusion? Explain.

What percentage of the population live in their state of birth? According to the U.S. Census
Bureau's American Community Survey, the figure ranges from 25% in Nevada to 78.7% in
Louisiana (AARP Bulletin, March 2014). The average percentage across all states and the
District of Columbia is 57.7%. The data in the DATAfRle Homestate are consistent with the
findings in the American Community Survey. The data represent a random sample of 120
Arkansas residents and for a random sample of 180 Virginia residents.




