Math 175 — Elementary Statistics Class Notes
13 — Confidence Intervals, Part Il

There are two more types of confidence intervals sfoould know: those faaroportions and forstandard
deviation.

A proportion is a percentage computed about a saompbopulation. For example, we know that 25.47®aint
Park students are on campus residents (975 o8 Ball 2012 students). Proportions will be expeesas
decimals for the formula below.

To compute of a confidence interval for populatpwaportion, we use the formugat z\/@. The parameters in
this formula are:p is the sample proportion

zis az-score from the standard normal distribution (deteet by level of certainty)

nis the number of data points in the sample

Example 1. The portion of Point Park students vit® dbn campus is 25.47% (975 of the 3827 Fall 2012
students). Using this as a sample for the natioewalege student population, compute a 90% confide
interval for the portion of college students natiddte that live on campus.

Solution: The values op andn are given directly in the problemi:= 0.2547 andh = 3827. We will use the

formulap + z /@. The value of needed will correspond to the 90% level of cetygpmescribed by

the problem. The value we seek is therore that corresponds to an area of 10% kabiaged by the two
tails in the standard normal distribution. Thatwig, must look up the-score that gives an area of 5% =
.0500 to its left. That value &= -1.645 (midway between -1.64 and -1.65).

The formula thus becomes 0.2547 + (-1.6\@. Computation give us the two values of 0.2431

3827

and 0.2662. These numbers represent the lower@rar boundaries of the confidence interval and our
conclusion is that we are 90% certain that theipof students nationwide who live on campus is
between 24.31% and 26.62%.

Just as it was done for the population mean, wealgabraically solve the formuka= z @ for n. That

solutionisn = p(1 — ﬁ)(g)2 . This enables us to determine an appropriate sasigdenvhen a certain precision is

required. For example, if we want to compute a @@#fidence interval for population 5| 1-p | p(L-P)
proportion and we need that interval to be withf @nits of the sample proportion, we p | PL-P
useE = 6.5 in the formula. 01| 09 0.09
However, there is an issue with the formula for glensize: it involveg, or the sample 02| 0.8 0.16

proportion. So, if we want to compute a confidemtervalafter finding the appropriate
sample size, we need to optimize. To do that, cienghe produch(1 - p) in the formula. 03| 07 021
Sincep is necessarily a decimal between 0 and 1, the talthe right explores various 0.4 0.6 0.24
values of that product.

1 05| 05 025 |

Usingp = 0.5, or 50%, produces the largest value ofghisluct, which will make forthe . _ _|_ _ _ |— — — — a
largest possible (yet reasonable) valua of our formula. 06| 04 0.24
So, if we just us@ = 0.5 for all cases, the formula is much easier: 07| 03 0.21

08| 0.2 0.16
09| 01 0.09
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n=p1-p (%) =(0.5)(0.5E%) =029 =2 = (&
This will be the formula we use for finding samplee for confidence intervals of a
prescribed sizen = (%)2




Example 2: A student group wishes to compute a 80#tidence interval for the portion of drivers who
are talking on their cell phones. If the confideimterval is to be no more than 0.15 wide, how many
drivers should the students observe?

Solution: The parameters given in the problem should bd ts@entifyE = 0.075 (error is half the width
of the interval) and = -1.645 (midway betweenvalues for 0.0495 and 0.0505). So, the sample size

should ben = (%)2 =n= (‘1'6“5)2 ~ 120.3. So, they should observe 121 drivers (alwayad up).

2X0.075

Confidence intervals for standard deviation usew distribution: theChi-square distribution. This is a right-
skewed distribution of positive values. Becausg itot symmetrical, confidence intervals cannotdmputed by
adding and simultaneously subtracting an error t&ather, the two bounds of the confidence inteavel
computed separately.

— 2 — 2
To compute of a confidence interval for populatstandard deviation, we use the formé@, f(n X12)s )
T 1

The parameters in this formula are:

sis the sample standard deviation
xi andy? are values from the chi-square distribution (deteea by level of certainty)
n is the number of data points in the sample

Looking up values in the chi-square distributiomlii§erent that looking up values in tkendt distributions. Table
G, found on page 649 of the text or on the foldbstis values of the variable within the table amea to theight of
the values at the tops of the columns. Rows coorespo degrees of freedom, and agifir n— 1.

Example 3: When computing a 95% confidence intefiaastandard deviation, we must find values in the
chi-square distribution that reflect 95% of theaabetween them. If the sample size is 30, tfen29. The
area to the right gf? and the area to the left gf will both be 2.5%, or 0.0.25.

Since the table directly provides values with dcetine right, we find 0.025 on the top border afid=
45.722. We must subtract 0.025 from 1 to get 0f87%?, andy? = 16.047.

Example 3, continued: In a manufacturing processarkers of diameter 1.5 cm, the actual diameter of
each marker varies by a small amount. A qualityticdier measures 30 markers. The standard deviafion
the sample of 30 markers is 0.12 cm. Find a 95%idemce interval for the standard deviation of all
markers produced by the manufacturing process.

Solution: The values of? andy? were found in Table G above. They are gid= 45.722 ang/? =

. (n-1)s?  |(n—-1)s? . .
16.047. Using the formulé [T [ p ) the bounds of the interval are computed sepagrati¢h
r 1
n=30ands=0.12.

- 2 2
n 12)5 :J29x(0.12) ~ 0.096
22 45722

— 2 2
f(n 12)5 _ ’29x(0.12) ~0.161
X 16.047

We can be 95% certain that the standard deviafiafl markers produced is between 0.096 cm and10.16
cm.




