Chapter 7—Estimates and Sample Sizes
Section 7.2 Estimating a Population Proportion

A point estimate of a population parameter is an estimate of the parameter using a single
number.

The sample proportion p is the point estimate of p, the population proportion.

Example: In a survey of 1000 drivers and find that 360 regularly talk on their cell phones while
driving. What is a point estimate of all drivers who regularly talk on their cell phones while
driving?

A

The sample proportionis f =360/1000 = 0.36.

Example: In a survey of 150 children, 95 watch television before school. What is a point
estimate of the proportion of all children who watch television before school?

The sample proportionis p =95/150 = 0.63.

Because of sampling variability, rarely is the point estimate exactly equal to the population
parameter. As an alternative, we could provide a range of reasonable values and say with
some degree of confidence that we believe that that range includes the true population
proportion. This is called a confidence interval.

confidence level (C)-the proportion of times that the interval does contain the true population
parameter. Usual choices are 90%, 95%, and 99%.

Confidence Interval for the Population Proportion

A (1 - a) % confidence interval estimate is given by:
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Notation:

C=1-x sothat

x=1-C

Z05 = the z score separating out the top 5%
z.10 = the z score separating out the top 10%
Z.025 = the z score separating out the top 2.5%

Example: In a poll of 1000 likely voters, 560 say that the United States spends too little on
fighting hunger at home. Find a 95% confidence interval for the true proportion of likely voters
who feel this way.

p= 150% = 0.56 (the point estimate)
Confidence level = 0.95

a=1-0.95=0.05

. pq , (0.56)(0.44)
+ 2, =056+ 1.96 |—————— =0.56 + .031
P+ 2,0\ =056 + 196 000

We are 95% confident that the true population proportion of people who think that the U.S.
spends too little fighting hunger at home is between 0.529 and 0.591., or 52.9% and 59.1%.

On the calculator,

STAT - 1-PropZint - X =560, n = 1000, C-level = .95

Example: A CBS News/N.Y. Times poll found that 329 out of 763 adults said they would travel
to outer space in their lifetime given the chance. Estimate the true proportion of adults who
would like to travel to outer space with 90% confidence.

Confidence level = 0.90

a=1-0.90=0.10

5= 329 _ 0431

P=763= "
Y 0.431)(0.569

p+ 2z, | ™ 0431 + 1645 \/< 7)6(3 ) _0.431 + 0.029
n



We are 95% confident that the true population proportion of people who would like to travel to
outer space in their lifetime is between 0.402 and 0.460, or 40.2% and 46.0%.

On the calculator,

STAT - TESTS 1-PropZint - X = number who want to travel = 329, n = 1000, C-level = .90

Sample Size for Estimating Proportion p

When an estimate of f is known (through a pilot study, or expert knowledge)
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EZ
When an estimate of f is not known,

2,1 (5)(8)
E2

Example: A federal report indicated that 27% of children ages 2 to 5 years had a good diet--an
increase over previous years. How large a sample is needed to estimate the true proportion of
children with good diets within 2% with 95% confidence?

E=.03
Z,,, =20y = 1.96
p=.07
4=.93

__ (1.96)*(.07)(.93)

(03)2 =277.87 = 278 (always round minimum sample size up)

Section 7.3 Estimating a Population Mean, o' Known

Recall: A point estimate of a population parameter is an estimate of the parameter using a
single number.

Example: Five hundred randomly selected working adults living outside of a major city were
asked how long, in minutes, their typical daily commute was. The resulting sample mean was
28.5 minutes. What is a point estimate of the average commuting time for all working adults
living outside of this city?



A point estimate of the population mean is 28.5 minutes.

Because of sampling variability, rarely is the point estimate from a sample exactly equal to the
true value of the population parameter.

As an alternative, we could provide a range of reasonable values.

Recall: confidence level (C)-the proportion of times that the interval does contain the true
population parameter. Usual choices are 90%, 95%, and 99%.

Confidence Interval Estimate of the Population Mean

When his known, a (1 — a)% confidence interval estimate is given by
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Example: Five hundred randomly selected working adults living outside of a major city were
asked how long, in minutes, their typical daily commute was. The resulting sample mean was
28.5 minutes. Suppose that the population standard deviation is known to be 24.2 minutes.
Construct and interpret a 90% confidence interval for the mean commuting time of working
adult outside of this city.

24.2
28.5 + 1.645\/ﬁ =285 +1.38

We are 90% confident that the average commuting time of all working adults in this area is
between 26.7 and 30.3 minutes.

STAT - TESTS = ZInterval = Enter ;,a n, C-level - Enter
Determining sample size

If we want to estimate a mean, how large of a sample do we need to take? Samples that are
too large waste time and money, and samples that are too small may lead to poor results.

First, we decide what we want our margin of error, E, to be. (e.g. We want to be say, 95%
confident that our sample mean is within some margin of error, E, of the population mean.)
Then we solve the formula for E, for n, sample size.



Formula for determining sample size when ¢ is known

Z,1202
n={-%*<—
{ £ }

Example: A financial aid office wishes to estimate the mean cost of textbooks per quarter for
students at a particular university. For the estimate to be useful, it should be within $20 of the
true population mean. How large a sample should be used to be 95% confident of achieving
this level of accuracy? Assume that the population standard deviation is known to be $75.

E=20

o=75
x=1-C=1-0.95=0.05

Zoj2 = Z0.05/2 = Z0.025 = 1.96

(1.96*75)2
n=\——— =54.0225
20

Always round up, so that n = 55.

Section 7-4 Estimating a Population Mean: o not known

If the population standard deviation o is not known, but n > 30 or the population distribution
is normal (or both), then we will use a different formula for computing the confidence interval
that involves a probability distribution called the Student’s t distribution.

The Student’s t distribution
Assume that x has a normal distribution with mean u. For samples of size n with sample mean

X and a sample standard deviation s, the t variable below has a Student’s t distribution with
degrees of freedom d.f.=n—-1




Characteristics of the Student’s t distribution
e The distribution is bell-shaped and centered at 0.
e The distribution is more spread out than the standard normal curve. There is
more probability in the tails.
e The shape of the curve is controlled by a parameter called "degrees of freedom".
As the number of degrees of freedom increases, the t distribution approaches a
standard normal distribution.

Confidence Interval Estimate of u when & is Unknown

S
X+t toc/Z\/_z

Use the calculator to get the critical value: t./,

Example: A researcher would like to estimate the time that school-age children spend helping
with housework. A random sample of 26 eight-year-old children were selected, and children in
the sample spent an average of 14.0 minutes per weekday on household chores. The standard
deviation of the sample was 3.6 minutes. Construct and interpret a 95% confidence interval for
the mean time spent on housework by all eight-year-old children.

Since we are using the sample standard deviation (s) to estimate the population standard
deviation (o), use the t distribution.

n=26
x =14
s=3.6

df.=n—-1=26-1=25
C=0.95 sothatx=1-C=1-0.95
tosa = t(%),ﬂ; = 10.025,25 = 2.060

3.6
=14+2.060—— =141+ 1.45
—_— \/% —_—
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We are 95% confident that the average time spent on housework by all eight-year-olds is
between 12.55 and 15.45 minutes.



Using the calculator:

With raw data:
Enter data into L1, then
STAT - TESTS = Tinterval - Data - C-level - Enter

With summary statistics:
STAT - TESTS = Tinterval - Enter X, s, n, C-level - Enter



